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ABSTRACT

Henderson, M. A., R. E. Diewert, J. Hume, K. Shorteed, D. Levy,
and K. Morton. 1991. The carrying capacity of Pitt Lake
for juvenile sockeye salmon (Oncorhynchus nerka). Can.
Tech. Rep. Fish. Aquat. Sci. 1797: 161 p.

The Pitt Lake ecosystem was examined to determine
factors that limit the production of juvenile sockeye salmon
(Oncorhynchus nerka) in the lake and to estimate the carrying
capacity of the lake for juveniles when expressed in terms of
annual fry inputs. Pitt Lake is an oligotrophic system but more
productive than most other sockeye salmon nursery lakes near the
coast of British Columbia. The species composition, density, and
size distribution of the zooplankton in Pitt Lake is similar to
other coastal sockeye salmon nursery lakes except for the
presence of the large zooplankter, Leptodora kindtii. There
appears to be minimal overlap in the distribution between
juvenile sockeye salmon and the two other dominant planktivores,
threespine stickleback (Gasterosteus aculeatus) and longfin smelt
(Spirinchus thaleichthys). Further, there is little overlap in
the diet between juvenile sockeye salmon and longfin smelt
(adequate diet information for threespine stickleback is not yet
available). Juvenile sockeye salmon in Pitt Lake grow rapidly
during the spring and summer and most migrate to the ocean after
one year of freshwater residence at a size that is larger than
that of outmigrants from other Fraser River sockeye salmon
stocks. Although the foregoing suggests a recruitment limited
system, there is also strong evidence for density dependent fry-
to-adult survival and freshwater growth for Pitt Lake sockeye
salmon. Current evidence suggests that food limitation and/or
predation during the early period of lake residence for the
sockeye salmon fry may limit the production of sockeye smolts in
Pitt Lake, and therefore, adult returns.
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RESUME

Henderson, M. A., R. E. Diewert, J. Hume, K. Shorteed, D. Levy,
and K. Morton. 1991. The carrying capacity of Pitt Lake
for juvenile sockeye salmon (Oncorhynchus nerka). Can.
Tech. Rep. Fish. Aquat. Sci. 1797: 161 p.

L'écosysteéme du lac Pitt a fait l’objet d’une étude
visant a déterminer quels facteurs limitent la production de
saumons rouges (Oncorhynchus nerka) juvéniles et a estimer la
capacité d’accueil des juvéniles, exprimée du point de vue de
1’apport annuel en alevins. Bien qu’'il soit oligotrophe, le lac
Pitt est plus productif que la plupart des autres nourriceries de
saumon rouge du littoral de la Colombie-Britannique. La
composition en especes, la densité et la distribution selon la
taille du zooplancton de ce lac sont similaires a celles
observées dans d'autres nourriceries de saumon rouge de la cote,
mais on y trouve aussi le grand zooplanctonte Leptodora kindtii.
I]1 semble exister un chevauchement minimal entre la distribution
des saumons rouges juvéniles et celle des deux autres
planctonophages dominants: 1’épinoche a trois épines
(Gasterosteus aculeatus) et l'éperlan d'hiver (Spirinchus
thaleichthys). De méme, le chevauchement est faible entre les
régimes alimentaires, du moins ceux du saumon et de l’'éperlan (on
ne dispose pas encore de renseignements suffisants sur le régime
alimentaire de l’épinoche & trois épines). Les saumons rouges
juvéniles du lac Pitt connaissent une croissance rapide au
printemps et en été et la plupart émigrent vers l‘océan aprés
avoir vécu un an en eau douce; les migrateurs ont une plus grande
taille que ceux provenant d’autres stocks de saumons rouges du
Fraser. D’aprés ce qui précéde, il semble que le systeéme soit
1imité par le recrutement; toutefois, il est probable que les
taux de survie jusqu’au stade adulte et de croissance en eau
douce du saumon rouge du lac Pitt soient fonctions de la densité.
Les données actuelles portent & croire que le caractére limité
des ressources alimentaires et/ou la prédation au début de la
période de résidence des alevins de saumon rouge pourraient nuire
a4 la production de saumoneaux, donc au retour des adultes, dans
le lac Pitt.



1.0 INTRODUCTION

The overall objectives of this study are to determine
factors that limit the production of juvenile sockeye salmon
(oncorhynchus nerka) in Pitt Lake and to determine the carrying
capacity of Pitt Lake for juvenile sockeye salmon. Meeting these
objectives in a conclusive manner will require several years of
study. However, based on analyses of historical data as well as
data from field programs implemented in 1989 and 1990, it is
possible to make some tentative inferences regarding the
objectives. The purpose of this report is to provide these
inferences and to identify important information gaps based on
sampling programs conducted through March 31, 1890.

The specific objectives of the study are to i) determine the
growth and age structure of juvenile sockeye salmon in Pitt Lake,
ii) determine the spatial and temporal distribution and seasonal
diet patterns of juvenile sockeye and potential competitors with
juvenile sockeye salmon in Pitt Lake, and iii) determine the
limnological characteristics of pitt Lake as they relate to
juvenile sockeye production. Information gathered for each of
the objectives was used to address the overall objectives
described above.

2.0 DESCRIPTION OF STUDY SITE

pitt Lake ( 49° 26’ N, 122° 32’ W) is located in
southwestern British Columbia in the lower portion of the Fraser
River basin, at an elevation of < 10 m (Fig. 1). The climate
at Pitt Lake is warm mediterranean, with warm summers and cool,
wet winters. The lake has a surface area of 51 km’ and is
situated in the coastal western hemlock biogeoclimatic zone
(Farley 1979). It receives 250-350 cm-yr' of precipitation at
the southern portion of its drainage basin, and >350 cm-yr! over
much of the remainder. The low elevation of Pitt Lake and its
proximity to the mouth of the Fraser River result in the lake
peing affected by tidal forces, with daily tidal fluctuations in
the lake averaging 0.6 m at low river discharges.

The topography of the Pitt Lake basin is quite mountainous,
becoming increasingly so in a south to north direction. Portions
of the basin have been extensively glaciated. The outlet of the
lake extends to the edge of the low-relief farmland of the lower
Fraser valley. The lake is steep-sided with limited littoral
areas except for a large (12 km?) shoal area (generally < 5 m in
depth) located at the outlet of the lake. This highly unusual
"negative" estuary is caused by t+idal currents which carry
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sediments into the lake. Flood streams which enter the lake are
stronger (but of shorter duration) than the combined effects of
river discharge and ebb streams, resulting in a net transport of
cediments into the lake (Thomson 1981). Ashley (1977) estimated
that the delta at the outlet of Pitt Lake is advancing into the
jake at an average rate of 1.28 m-yr!. Mean depth of the lake is
52 m, which is increased to 68 m if the delta is excluded. Water
residence time of this warm monomictic lake is estimated to be
0.8 yr.

pitt Lake has a diverse fish community containing many
potential predators of and competitors with juvenile sockeye
salmon (Table 1). Longfin smelt (Spirinchus thaleichthys) and
threespine stickleback (Gasterosteus aculeatus) are the most
common limnetic species and are much more abundant than juvenile
sockeye salmon. Prickly sculpins (Cottus asper) and mountain
whitefish (Prosopium williamsoni) are also occasionally found in
the limnetic zone. Potential predators of juvenile sockeye which
occur in Pitt Lake include Dolly varden char (Salvelinus malma),
rainbow trout (Oncorhynchus mykiss), cutthroat trout
(oncorhynchus clarki clarki) and northern squawfish
(Ptychocheilus oregonensis) .

The major spawning grounds for ritt Lake sockeye salmon are
located in tributaries to, and the mainstem of, the Upper Pitt
River. Fry production derives from both natural spawning and a
sockeye salmon hatchery located on Corbold Creek. A smaller
sockeye stock spawns in Widgeon Creek and Widgeon Slough, both
tributary to the lower Pitt River.

Upper Pitt River maturing adult sockeye salmon are present
in significant numbers in coastal fishing areas adjacent to the
Fraser River throughout July (Vernon 1982) . During this period,
several major sockeye salmon stocks are also present in the
fishery including those from the Quesnel, Chilko and Stellako
systems (Woodey 1987). Upper pitt River sockeye salmon begin to
arrive on the spawning grounds in mid August with peak spawning
activity occurring between early and mid September. Widgeon
creek-Widgeon Slough sockeye salmon arrive later and have a
period of peak spawning activity between late October and mid
November. The timing of the movement of juvenile sockeye salmon
out of Pitt Lake is uncertain and is one focus of the current

sampling program.



3.0 DATA SOURCES AND METHODS

3.1 GENERAL BIOLOGY, GROWTH AND AGE STRUCTURE OF PITT LAKE
SOCKEYE SALMON

Estimates of the annual total adult return of Pitt Lake
sockeye salmon from the 1948 to the 1984 brood year were from
analyses performed by personnel of the International Pacific
Salmon Fisheries Commission (IPSFC). Over the same period of time
the IPSFC also collected age structure data for adult
populations, prepared counts of the number of circuli in the
freshwater growth zone from adult scales (Clutter and Whitesel
1956) and generated estimates of hatchery and wild fry production
that were used in our study. Annual estimates of hatchery fry
production were determined using a 5% sampler located on the
hatchery outlet channel. Estimates of wild fry production were
determined by applying an egg to fry survival rate that was
calculated using a regression relationship between winter
discharge levels and egyg survival, to an estimate of total egg
deposition (Rosberg et al 1986). More recently (1985-1990) the
same data for adults and fry has been collected by the Fraser
River Division of the Canadian Department of Fisheries and
Oceans.

3.2 LIMNOLOGY

Limnological data reported here were collected in July and
October of 1989 and March of 1990. Physical, chemical and
biological data were collected from six locations (L1 to L6) in
the lake (Fig. 1). At three of these locations (L2, L4 and L5)
more detailed chemical and biological sampling was carried out.
Photosynthetic rates were estimated at one of the locations (L4)
(Fig. 1). Analysis of data from the three sampling dates in the
study will enable us to make a first approximation of the lake’s
trophic status, to identify major components of the lake’s
plankton communities, and to identify some major factors limiting
lake productivity. Lake area and mean depth were obtained by
digitizing depth contours on canadian Hydrographic Service chart
3062 (Pitt Lake). Zooplankton data from 1978 and 1980 in this
report were collected under the auspices of the International
Pacific Salmon Fisheries Commission (IPSFC).

Temperature and conductivity data were collected from the
lake surface to the bottom using an Applied Microsystems Ltd.
Model STD-12 conductivity, temperature and depth meter. Surface
temperatures were taken with a NBS-calibrated mercury
thermometer. Buoyancy frequencies (Turner 1973) were calculated
and used to determine thermocline depths. Photosynthetically



active radiation (PAR: 400-700 nm) was determined using a Li-Cor
Model 185A light meter equipped with a Model 192S underwater
quantum sensor. These data were used to calculate vertical light
extinction coefficients and euphotic zone depths. Water clarity
was measured with a standard 22-cm white Secchi disk. In-vivo
fluorescence (IVF) profiles were obtained at each station with an
Elektro-Optik (Juan F. Suarez) in-situ fluorometer.

An opaque 6-L Van Dorn sampler was sterilized with alcohol
and used for collection of all water. We partitioned the
euphotic zone into three depth intervals and then integrated
water samples collected within each interval. A sample was also
collected from 50 m. Replicate samples for chemical and
biological analyses were taken from water from each depth
interval, as well as from the deep sample. All chemical analyses
were done according to methods described by Stephens and
Brandstaetter (1983) and Stockner and Shortreed (1985).

Samples for chlorophyll determination were collected on
Millipore AA filters, on 2.0-um Nuclepore filters, and on 20-um
Nitex. Samples were frozen and later analyzed fluorometrically
after maceration in 90% acetone. In-situ photosynthetic rates
were determined by filling five 125-mL glass bottles (three clear
and two light-proof) with water from each of the three depth
intervals, inoculating with a sodium bicarbonate solution
containing “c, and incubating for 1.5-2 h at the mid-point of
each depth interval. Incubations commenced between 0900 and 1000
h. After the incubations, aliquots of each sample were filtered
onto 0.2-um Nuclepore filters, 2.0-um Nuclepore filters, and 20-
um Nitex screens. Filters and screens were placed in
scintillation vials containing a tissue solubilizer,
scintillation cocktail was later added to the vials, and samples
were then counted in a Packard Model 4530 liquid scintillation
counter. Dissolved inorganic carbon (DIC) concentrations were
determined using the potentiometric method of APHA (1980) .
Photosynthetic rates were calculated using Strickland’s (1960)
equation. Phytoplankton larger than the picoplankton size
fraction (>2 um maximum linear dimension) were identified and
enumerated using a Wild inverted microscope equipped with phase
optics. Cells were classified as either nanoplankton (>2 to 20
ym) or microplankton (>20 um) based on maximum linear dimensions.
Picoplankton (0-2 um) were collected on a 0.2-um pore size
Nuclepore filter at a vacuum pressure <15 cm Hg, and later
enumerated with a Zeiss epifluorescent microscope using methods
and apparatus described in MacIsaac and Stockner (1985).

Bacterioplankton densities were determined from water
samples fixed with formalin and later counted with DAPI on an
epifluorescent microscope using a method modified from Porter and
Feig (1980). Bacteria sizes were not measured in this study.
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Zooplankton samples were collected using a 160-um mesh size
Wisconsin net having a mouth area of 0.05 m’. Hauls were made
from 30 m to the surface at a speed of approximately 0.5 m-s’ at
all stations. 1In 1978 and 1980, samples were collected once
monthly (May-October) at two locations, preserved in 4% formalin,
and later subsampled with a Folsom plankton splitter to provide
300-600 organisms for enumeration and identification to genus
(excluding rotifers). After enumeration, the entire sample was
dried at 90°C for 24 h and then weighed. Counts and dry weight
measurements from the two sampling locations were averaged. In
1989 and 1990, in addition to the vertical Wisconsin net hauls
which were collected at six stations, vertically stratified
zooplankton samples were collected at three stations using a
12-volt diaphragm pump and a flexible hose system. The 2.5-cm
diameter hose was lowered from the surface to 30 m with the aid
of a weighted cable and water pumped from depth was filtered
through a 20-um Nitex screen. Integrated samples were collected
from three depth intervals (0-10, 10-20, and 20-30 m) which were
chosen to approximate the epilimnion, metalimnion and
hypolimnion. Sampling depths were measured with an analog cable
metre block and sample volume was recorded by an in-line digital
flow meter. All samples were preserved in a sucrose-~buffered 4%
formalin solution (Haney and Hall 1973). Samples were subsampled
in the laboratory by withdrawing known volumes to provide 100
organisms <0.6 mm and 300 organisms >0.6 mm for analysis.
zZooplankton within a subsample were identified to genus or
species and total body length, excluding spines and antennae, was
measured using an electronic measuring system. Rotifers were
identified and enumerated only from samples collected with a pump
and a 20-um mesh net. Subsequent biomass estimates were
calculated using length-weight regressions adapted from Bird and
prairie (1985), Culver et al. (1985), Stemberger and Gilbert
(1987), and Yan and Mackie (1987} .

3.3 DISTRIBUTION OF PELAGIC FISH

3.3.1 HISTORICAL SAMPLING

The International Pacific Salmon Fisheries Commission
undertook studies on the pelagic fish population of Pitt Lake
petween 1977 and 1982. The objective of this research effort was
to monitor the migration behaviour of juvenile sockeye salmon
within the pelagic zone and to estimate juvenile sockeye
(presmolt) population sizes (Johnson MS 1981). Hydroacoustic
sampling was undertaken in conjunction with trawl sampling to
determine the vertical and horizontal distribution of Pitt Lake
sockeye juveniles. Because of the co-occurrence of longfin smelt
and threespine stickleback within the pelagic zone, a substantial
sampling effort was expended, particularly in 1979 (Table 2).
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Fish were captured in a mid-water trawl net similar to the
device described by Enzenhofer and Hume (1989). The trawl was 18
m long with mouth dimensions 3 m wide by 7 m deep, and mesh sizes
ranging from 10.2 cm at the mouth to 3 mm at the cod end. The
net was deployed from a 7 m towing vessel at night, and towed at
desired depths (as determined by the location of fish targets on
echograms) by establishing a relationship between towing depth
and warp length. Fish specimens were preserved in formalin and
later identified and enumerated. All data collected by the IPSFC
from this and other Fraser River lakes is reported in Mueller and

Enzenhofer (1991 in press).

Unlike the closing trawl described by Enzenhofer and Hume
(1989), the net device operated by IPSFC did not have closing
capability. Thus catches from deeper depth strata were likely
contaminated by fish captured in shallow depths during net
deployment and retrieval. Enzenhofer and Hume’s (1989) study in
Harrison Lake showed that the proportion of juvenile sockeye from
deep strata could be underestimated by as much as a factor of 4
due to contamination of trawl catches by smelt and sticklebacks
occurring in shallower depths.

The pelagic zone of Pitt Lake was divided into 3 trawl
sampling areas (Fig. 1) each containing 2 acoustic transects.
Sampling dates were distributed throughout the year, with most
intensive sampling between April and October (Table 2). The most
intensive sampling was undertaken in 1979, followed by 1978 and
1980. Sampling was relatively infrequent in 1977, 1981 and 1982
when only 1 or 2 sampling trips were undertaken.

Hydroacoustic sampling was undertaken with a 70 kHz Simrad
Ey-M echo sounder coupled to an analogue AM tape recorder and
Tektronix 214 oscilloscope. A calibration tone was recorded at
the beginning of each transect to allow for adjustments due to
system drift prior to signal processing. Short tape segments
were processed by both echo counting (with an oscilloscope) and
echo integration, to derive scaling co-efficients between echo
integrator values and absolute counts. The remainder of the tapes
were then echo integrated and scaled by the estimated co-
efficient as described by Nunnallee (1980). Effective sample
volumes were estimated with an oscilloscope using the duration-
in-beam technigue (Nunnallee 1973; Thorne 1988) .

3.3.2 1989 SAMPLING

Research was undertaken in 1989 to up-date the earlier
sampling effort by IPSFC and describe current fish distribution
patterns within the pelagic zone of Pitt Lake. Over the past
decade there have been advances in both trawling capability and

hydroacoustic technology which permit more effective sampling and
a refined ability to describe pelagic fish populations.
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Two surveys were conducted in 1989; the first on July 25-26,
and the second on November 15-16. Trawling was undertaken with a
closing midwater trawl device as described by Enzenhofer and Hume
(1989). Because of the net’s closing capability, it can be
deployed and retrieved from depth in a closed position and
effectively avoid contamination by surface or shallow=-oriented
fish populations. Except for the closed operation, the net and
trawling technique were the same as those previously employed by
IPSFC.

Hydroacoustic sampling during 1989 was undertaken with a
dual beam, 420 kHz BioSonics Model 105 echosounder. Echo signals
were monitored in the field on an oscilloscope and taped in
digital format on a Sony DAT tape recorder for processing at a
later date. A dual beam transducer (6°/15°) was housed within a
fibreglass towed body to isolate the movements of the transducer
from the survey vessel. Acoustic transects adopted during 1989
were the same as those used by IPSFC (transect locations shown on
Fig. 1) and transecting was conducted at night when fish targets
were dispersed as individuals.

Signal processing included both dual beam processing (for
target strength estimation) and echo integration with a BioSonics
Model 221/281 echo signal processor. Ehrenberg (1983) provides a
summary of dual beam echo sounding theory, and Burczynski and
Johnson (1986) provide an example of an application of this
technology to estimate pelagic juvenile sockeye abundance within
Ccultus Lake. Voltage thresholds during analysis were set at 100

mvV above ambient noise levels as determined by an oscilloscope.
3.4 SEASONAL FEEDING PATTERNS AND DIET ANALYSIS

samples of juvenile sockeye salmon and longfin smelt were
taken from Pitt Lake in 1978 and 1979 by staff of the
International Pacific Salmon Fisheries Commission as described
above. Contents of the esophagus and cardiac portion of the
stomach from preserved specimens were removed and enumerated
using a dissecting microscope. All food items were counted and
identified. Zooplankton prey were identified to genus except for
juvenile copepods and nauplii. Insects, 1f present, were
identified to order. Stomach volume occupied by each food type
was estimated.

Stomach content data were summarized for each sampling trip.
1f more than one sampling trip occurred in one month then data
were pooled for that month. Only age 0t sockeye were used in the
diet analysis as this age group made up 93.5% and 95.6%
respectively of the catch of sockeye during the 1978 and 1979
surveys (Table 3). Smelt of all size classes were pooled.
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Numbers of stickleback sampled were too low to be included in
this analysis.

Seasonal patterns of feeding activity of sockeye and smelt
were determined based on the average percent fullness of stomachs
over the season. The degree of overlap in the sockeye and smelt
diets was ascertained by determining types of prey items consumed
by each species.

4.0 RESULTS
4.1 GENERAL BIOLOGY, GROWTH AND AGE STRUCTURE

4.1.1 STOCK SIZE

The total run size (catch plus spawning escapement) of aduilt
Pitt Lake sockeye salmon originating from the brood years 1948 to
1984 has ranged from approximately 16,000 to over 217,000 and
averaged 77,000 (Fig. 2). The size of the Pitt Lake sockeye
salmon run increased discontinuously from the 1948 to the 1971
brood years and then declined precipitously and remained at low
levels through the 1984 brood year. The brood vears from 1977 to
1982 were particularly weak with an average total run size of
approximately 25,000 fish.

4.1.2 FRY PRODUCTION

The Pitt lake sockeye salmon stock is sustained by both wild
and enhanced production. The enhanced production, in the form of
fry, is from a hatchery that began operation in 1960 on a
tributary of the Upper Pitt River. The average annual total
sockeye salmon fry production (i.e. wild and enhanced) from the
Upper Pitt River increased discontinuously from two to seven
million from the brood years in the early 1960’s to over 18
million in 1976 and 1978 (Fig. 2). Production declined in more
recent years and averaged approximately five million fry between
the 1980 and 1983 brood years. The contribution of enhanced fry
production has ranged from less than 20% to more than 80% of
total production over the period of brood years from 1960 to 1983
(Fig. 3) and has averaged approximately 47%.

4.1.3 AGE STRUCTURE

Estimates of the age structure of the juvenile sockeye
salmon in Pitt Lake were based on a total of 525 trawl samples
taken in 1978, 1979 and 1980 (Table 3). Most of these fish,
ranging from 93.5 to 100% were in their first vear of freshwater
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residence (age 0%). The remainder were in their second year or 1+
fish. The very small proportion of 1+ fish indicates that nearly
all juvenile sockeye salmon in Pitt Lake migrate to the ocean
after one year of freshwater residence.

Almost all returning adults are four or five years old with
one year of freshwater residence (i.e. age 4, or 5,). Unlike most
other Fraser River sockeye salmon stocks, five year old fish
often form the greatest part of a return from a brood year (Fig.
4). Two features of the age structure of the returning adults in
recent years require special mention. First, over the last 10
brood years there appears to have been increasing interannual
variation in the percent of the run that returns at age five.
Second, it has become increasingly common for the percent of the
total run to return as five year old fish to be very large. Five
out of the ten brood years from 1974 to 1983 exhibited returns
that were composed of more than 80% five year old fish. The
number of years when the percent of the total run consisting of
five year old fish was greater than 80% for the 1954 to 1963 and
1964 to 1973 periods was two and one respectively.

4.1.4 FRY-TO-ADULT SURVIVAL

survival from the fry to adult stage was generally between
1-2% from the 1960 to 1983 brood years (Fig. 5). However, there
were two periods when survival showed large departures from this
range. Fry-to-adult survival approached 5% for both the 1963 and
1964 brood years. These high levels of survival have not been
repeated since that time. In contrast, there was a prolonged
period of low survival in brood years from 1974 to 1982. Over
this period, fry-to-adult survival was always less than 1% and

averaged 0.52%.

There is evidence for density dependent fry-to-adult
survival for Pitt Lake sockeye salmon. The largest estimates of
survival (Fig. 5) occurred during the early to mid 1960’s when
fry inputs were the lowest (Fig. 2). Survival decreased over the
period between the mid 1960‘s and early 1970‘s when fry inputs
were increasing. Fry inputs increased dramatically from the 1973
to the 1979 brood years. Over this same time period estimates of
fry-to-adult survival were the lowest on record. Fry production
has declined in more recent brood years to levels similar to
those of the early 1960’s while fry-to-adult survival has
increased. An exponential model was fit to the survival data
using a least squares procedure to estimate the parameters
(Draper and Smith 1966) for the period of brood years from the
1960-1983 (Fig. 6). The model is of the form:

s = Ae™
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where S is the percent smolt-to-adult survival at different
levels of fry production, x, and A (1.12) and n (-.13) are
constants. The slope of the relationship, -.13, is significantly
different from zero (P < .05) and the correlation coefficient
(r*) is .22. Overall, an increase in fry production from 4 to 18
million resulted in an 80% decrease in fry to adult survival.

Freshwater growth as exhibited by the number of circuli in
the freshwater zone of the scale (Clutter and Whitesel 1956),
also showed evidence of density dependence (Fig. 7). The number
of circuli declined from an approximate range of 14 to 22 when
fry production was less than 10 million to 13 to 16 when fry
production was greater than 10 million. The relationship between
circuli count and fry production was fit to the exponential
function described above where S is the freshwater circuli count
at different levels of fry production, x, and A (7.19) and n (-
.02) are constants. The slope of the relationship, =.02, is
significantly different from zero (P < .05) and the correlation
coefficient is .32.

4.1.5 JUVENILE GROWTH

The form of growth of juvenile sockeye salmon from Pitt
Lake, as reflected in a length-weight relationship, was very
similar to the form of growth of four other sockeye stocks in the
Fraser River basin; Harrison, Cultus, Quesnel and Fraser Lake
(Fig. 8).

The seasonal freshwater growth pattern of pPitt Lake sockeye
juveniles from January to December was based on a composite of
measurements made in 1978, 1979, and 1980 (Fig. 9). Fork-length
of juvenile sockeye salmon remained constant at approximately 30
mm between January and early May. This was followed by a period
of rapid growth through early October when average fork=length
was between 80 and 90 mm. A comparison with juvenile sockeye
salmon samples from four other systems in the Fraser River basin,
Harrison, Cultus, Quesnel and Shuswap, indicated that Pitt Lake
sockeye have a higher growth rate during the spring and summer
period and achieve a larger size by the end of the growing season
(Fig. 10). In comparison to the size of Pitt Lake juvenile
sockeye salmon in early October, 80 to 90 mm fork-length, Cultus
and Shuswap sockeye were between 60 an 70 mm fork-length and
Quesnel and Harrison sockeye ranged from 70 to 80 mm fork-length.

The instantaneous daily growth rate, calculated on the basis
of weight, of the 1978 brood of sockeye salmon in Pitt Lake began
to increase in early May and peaked at approximately 4.0% in
early August (Fig. 11). It then declined through the end of the
growing season. The pattern of the instantaneous daily growth
rate was qualitatively similar for the 1579 brood year although
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the peak, approximately 6%, occurred earlier in the season. The
peak in instantaneous daily growth rate for the 1980 brood year,
approximately 2%, was less than for the two previous brood years.

The average instantaneous daily growth rate was greater for
the Pitt Lake stock than for any other stock in the Fraser River
system for which these estimates were available (Table 4). Pitt
Lake sockeye had an average instantaneous daily growth rate for
the 1978 and 1979 brood years combined of 2.14%. Comparable
estimates for Cultus (1976, 1982, 1986), Quesnel (1977, 1981) and
Shuswap (1974-75, 1977-79, 1982-83, 1986) sockeye were 1.25%,
1.91% and 1.56% respectively.

4.2 LIMNOLOGY

4.2.1 PHYSICS

surface temperatures in Pitt Lake were warmer at the
southern, or outlet end of the lake than they were near the north
end in both July and October. Thermoclines strengthened
considerably in a north to south direction and averaged depths of
13.9 m in July and 24.3 m in October, with considerably weaker
stratification present on the October sampling date (Table 5;

Figs. 12,13). The lake was isothermal in March, with
surface temperatures ranging from 5.1 to 5.5°C. Variation in
thermal structure along the lake is due primarily to morphometric
factors which cause prevailing north winds and to the cool
temperatures of the Upper pPitt River. The result of this
morphometry and thermal structure (which occurs in other British
Columbia lakes such as Chilko, Morice, and Quesnel) is
considerable spatial heterogeneity in production and biomass,
with higher biological production usually occurring near lake
outlets, which are physically more stable areas of the lake.

Euphotic zone depths ranged from 6.4 to 12.8 m, and averaged
g.8 m in July, 7.8 m in October, and 9.6 m in March (Table 5).
The glacial origins of some lake tributaries contributed to the
relatively turbid conditions. July epilimnion depths averaged
13.9 m, or almost 40 % greater than euphotic zone depths. Under

]

these conditions no hypolimnetic photosynthesis can occur, and
photosynthesis of a portion of the epilimnetic phytoplankton
community will be light-limited (dependent on the extent of
surface mixing), resulting in possibly lower production and
piomass than would be predicted strictly on the basis of

available nutrients.
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4.2.2 CHEMISTRY

Conductivity (normalized to 25°C) ranged from 29-33 psS-cm?
and exhibited little spatial variability, but tended to be
slightly higher in the deep water of the lake (Figs. 14,15).
Profiles extended to the lake bottom and no evidence of a deep
saline layer was found. The range in conductivities found in
pitt Lake was up to 5 times lower than those which occur in
Fraser river system lakes which are located in the interior of
British Columbia, but was similar to that found in many other
coastal British Columbia lakes (K. Shortreed, unpubl. data).
Epilimnetic pH values were slightly acidic (range: 6.4-6.9), and
considerably lower than interior Fraser River system lakes
(Stockner and Shortreed 1983), but similar to a number of other
coastal British Columbia lakes (Nidle and Shortreed 1985). The
low pH and low conductivity indicate that Pitt Lake has little
capacity to prevent a drop in current pH levels if the acidity of
local precipitation increases. while it does not appear to be a
problem at present, the proximity of Pitt Lake to the heavily
industrialized areas of Greater Vancouver is a cause for concern,
and pH of the lake should be closely monitored.

Hypolimnetic silicate concentrations averaged 1.78 mg-L’ on
both sampling dates, while average epilimnetic concentrations
increased from 1.36 to 1.60 mg L' between July and October.
Concentrations averaged 1.80 mg-L' in March (Tables 6-14). The
data indicate that while biological production during the summer
period had a measurable effect on silicate concentrations,
cilicate limitation was not a factor in determining phytoplankton
production or community structure, since only concentrations <0.5
mg'L' are considered limiting (Lund 1950).

Epilimnetic nitrate concentrations in July averaged 63 ug
N-L!, slightly lower than the hypolimnetic average of 73 ug N-L!
(Tables 6-14). On the late October survey, hypolimnetic
concentrations were similar to those in July (72 pg-L'), while
epilimnetic levels had decreased to an average of 44 ug N-L1.

The lower autumn concentrations are still well above levels that
could be considered limiting to phytoplankton production, but
they do indicate that substantial biological production occurred
between July and October. Because of the rapidly weakening
thermal structure on the late October sampling date, it is highly
probable that at this time nitrate concentrations were increasing
from an unknown seasonal minimum. By March 1990, average nitrate
concentrations had increased to 118 pg'Lt. Nitrate levels in
Pitt Lake were much greater than those found in many other lakes
near the British Columbia coast (Costella et al. 1983; Nidle and
Shortreed 1985), and were similar to those found in a number of
Fraser River system lakes in the interior of British Columbia
(Stockner and Shortreed 1983). Epilimnetic ammonia
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concentrations ranged from 1-14 pg N-L' and also tended to be
jower in October than in July.

Total phosphorus (TP) concentrations ranged from 2.4-8.0 ug
P-L! and averaged 3.5 Kg P L', while the observed range in
particulate phosphorus (PP) concentration was 1.1-3.3, with an
average of 1.8 ug p-L'. An average of 51% of the TP occurred as
pp, which was considerably lower than the 75% Stockner and
Shortreed (1985) observed in a wide range of coastal British
Columbia lakes. It is possibly that there is a surplus of both N
and P in Pitt Lake and that some other factor is limiting
phytoplankton production, but more probably the apparent large
proportion of filtrable phosphorus was in a form (perhaps
refractive organics) that was not biologically available.

Growing season (July and October) concentrations of
particulate carbon (PC) and particulate nitrogen (PN) averaged
313 pg-L! and 22 ug-L', respectively, resulting in a C:N:P molar
ratio of 409:25:1. This is somewhat similar to the ratio of
390:44:1 that Stockner and Shortreed (1985) found for a wide
range of coastal British Columbia lakes, and lower than the ratio
of 756:62:1 that Shortreed and Stockner (1990) reported in an
unfertilized lake on Vancouver Island. According to criteria
developed for freshwater phytoplankton by Healey and Hendzel
(1980), ratios of PN:PP, Chl:PC, PP:PC, and PN:PC all indicate
that the lake is moderately to severely nutrient limited.

Further work is needed to confirm that phosphorus availability is
a major factor limiting phytoplankton production in Pitt Lake.

4.2.3 PHYTOPLANKTON

on the July and October sampling dates epilimnetic
chlorophyll concentrations averaged 2.07 pg-L! (range: 1.14-2.82
pg-L') and generally had a uniform vertical distribution in the
epilimnion. In March 1990 average chlorophyll concentrations
were only 0.15 ug'L', indicating the lack of a late winter-early
spring production peak. Concentrations in the southern half of
the lake tended to be higher than those in the northern portion
(Table 5; Figs. 16,17). The relationship between growing season
averages of epilimnetic chlorophyll and TP concentration has been
widely used to categorize the trophic status of various lakes
(Vollenweider 1976; Stockner and Shortreed 1985) and in order to
rank Pitt Lake we plotted average Pitt values on a regression
developed for coastal British Columbia lakes (Stockner and
Shortreed 1985) (Fig. 18). Average chlorophyll and TP data from
Pitt Lake are averages of only 2 sampling dates and would likely
change if detailed seasonal information were available, but they
do enable us to make preliminary comparisons of the lake’s
trophic status with these other coastal lakes. Our Pitt data
fits the regression line quite well and has similar chlorophyll
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and TP values to a number of lakes undergoing nutrient additions,
but it has substantially higher chlorophyll and TP values than
other unfertilized sockeye nursery lakes near the British
Columbia coast. However, the lake is still well within the
oligotrophic category. Epilimnetic bacterioplankton densities,
which are useful indicators of trophic status in lakes (Bird and
Kalff 1984; Shortreed and Stockner 1986), ranged from 5.1X10° mL!
to 1.08X10%-mL', also placing the lake well within the
oligotrophic category (the upper limit for bacteria density in
oligotrophic lakes is 1.7X10°-mL').

Photosynthetic rate measurements carried out in July
indicated that picoplankton (<2 pm) accounted for only 34% of the
total, yet comprised 78% of total phytoplankton biomass (as
chlorophyll). Nanoplankton (>2 to 20 pm) photosynthesis
comprised 64% of the total, and microplankton (>20 um) accounted
for the remaining 2%. It is well documented that the relative
contribution of picoplankton to photosynthesis generally
decreases as trophic status increases. Picoplankton
photosynthesis averaged 50% of the total in a highly oligotrophic
coastal British Columbia lake (Shortreed and Stockner 1990) and
in oligotrophic Lake Superior (Fahnenstiel et al. 1986),
decreased to 40% in a more productive (but still oligotrophic)
interior British Columbia lake (Stockner and Shortreed 1989), and
was 15% in a meso-eutrophic European lake (Weisse 1988), which
provides further evidence that Pitt Lake is in the more
productive end of the oligotrophic category. Throughout the
study, chlorophyll content of the microplankton was below our
analytical detection limit of 0.01 pg L', with the result that
nanoplankton made up the remaining 32% of the chlorophyll.
Production/biomass (P/B) ratios were accordingly far higher in
the nanoplankton (0.98 pg C'ug chl'-hr') than in the picoplankton
(0.15). These data suggest that nanoplankton (normally the
preferred zooplankton food resource) are being heavily grazed but
are maintaining high turnover rates. Since the high planktivore
densities in the lake maintain low cladoceran and copepod
numbers, it is probable that rotifers account for much of the

grazing pressure.

Phytoplankton community structure in Pitt Lake was similar
to that found in a number of other British Columbia lakes
(unpublished data). The coccoid cyanobacteria Synechococcus sSpp.
(both single celled and colonial forms) was the dominant member
of the autotrophic picoplankton community and the most abundant
phytoplankter in Pitt Lake, with very low numbers of cocceoid
eucaryotic picoplankters present. Dominant diatoms were the
ubiquitous Rhizosolenia sp., which averaged epilimnetic densities
of ca. 400-mL', and the centric diatom Cyclotella spp.
(primarily C. glomerata) which was present in slightly greater
densities than the much larger Rhizosolenia. Other common
phytoplankton were the flagellates Chromulina spp. and Chroomonas
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sp., the dinoflagellate Gymnodinium sp., and the chlorophyte
Crucigenia sp., all species which are desirable food sources for
herbivorous zooplankton.

4.2.4 ZOOPLANKTON

In both years (1978 and 1980) for which seasonal zooplankton
data are available , the maximum zooplankton biomass of 425-450
mg dry wt-m? occurred in July, with a smaller peak of 400-410
ng-m? occurring in September (Fig. 19). These standing crops are
cimilar to those found in unfertilized coastal British Columbia
lakes (Stockner and Hyatt 1984), but lower than those in sockeye
nursery lakes in the interior of British Columbia (Goodlad et al.
1974). Average zooplankton dry weights (measured) in 1989 were
similar to those in 1978 and 1980, with estimates of 390 and 299
mg-m? in July and October, respectively. Average standing crop
declined to 24 mg dry wt m? in March 1990. 1In 1989, zooplankton
dry weights tended to be higher in the central and northern areas
of the lake and were lowest at the south end (Fig. 20).
calculated zooplankton dry weights (derived from length-weight
regressions) from 1989 Wisconsin samples ranged from 112-395
mg-m? and calculated dry weights from integrated pump samples
ranged from 176-439 mg-m?. Calculated dry weights from Wisconsin
samples were highly correlated (r=0.96, n=12, p<0.01) with
measured dry weights (also from Wisconsin samples) and the
regression equation had a slope of one (Fig. 23). The intercept
was 28 mg measured dry wt-m? but was not significantly different
than 0, indicating that in Pitt Lake estimates of zooplankton
biomass from measured dry weights are directly comparable with
zooplankton biomass derived from length measurements.

Bosmina longirostris was the most abundant macrozooplankton
species during the growing season, reaching seasonal maxima of
95,000 m? in July both in 1978 and in 1980 (Fig. 24). Greatest
numbers (75,000'm?) of Diacyclops sp. also occurred in July (Fig.
25). The large cladoceran Leptodora kindtii was very rare in May
but increased to an August peak of 300-m? in 1978 and 160-m? in
1980 (Fig. 24). Densities of Epischura lacustris ranged from
5,000-20,000'm?, with seasonal maxima occurring in June (Fig.
25). In March 1990, Diacyclops was the most abundant zooplankton
species. Macrozooplankton such as Daphnia, Leptodiaptomus, and
Eubosmina, although common in other Fraser River system sockeye
nursery lakes, were either not present or extremely rare in Pitt
Lake.

Vertically stratified sampling (using plankton pumps and 20-
pm mesh nets) revealed considerable heterogeneity in zooplankton
distribution. On the July 1989 sampling date zooplankton were
concentrated in the epilimnion (0-10 m), with metalimnetic (10-20
m) and hypolimnetic (20-30 m) populations considerably less
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abundant (Tables 6-14; Fig. 21). The sole exception to this
distribution pattern was Diacyclops in the central and southern
portions of the lake, where it was much more abundant in the
hypolimnion than at the shallower depths. Vertical distribution
of zooplankton was generally uniform in October and in March
(Fig. 22, 22a). Distribution of some zooplankton species
exhibited considerable horizontal heterogeneity (Tables 6-14) .

In July, B. longirostris was less abundant at the southern end of
the lake than elsewhere, whereas in October and March its
distribution was variable but did not exhibit distinct trends.

In July and October highest densities of the copepod Diacyclops
were found in the northern half of the lake and lowest densities
at the southern end. In March, its spacial distribution was
considerably more uniform. Both L. kindtii and H. gibberum had
highest densities at the north end of the lake in July; in
October and March their numbers were extremely low throughout the
lake. The most abundant rotifers in Pitt Lake in 1989 were
Kellicottia, Polyarthra, Ploesoma, and Conochilus (Tables 6-14).
Total rotifer densities were highest in the epilimnion on all
sampling dates, although at the northern end of the lake
Conochilus densities were greater in the 10-20 m sample than in
the epilimnion. Ploesoma was much more abundant in October than
in July, and its October epilimnetic density of 18.7-L! at the
southern end of the lake was the highest recorded for any
zooplankton genus in the Pitt Lake study. Kellicottia was the
dominant rotifer on the March sample date although total rotifer
numbers were extremely low. The importance of rotifer
populations in sockeye nursery lakes is very poorly understood,
and with the available data we are not able to explain variations
in rotifer species composition or density, or to estimate the
importance of rotifers to macrozooplankton and to planktivores in
pitt Lake. However, since rotifers can be an important food
source for L. kindtii (Cummins et al. 1969), and since L. kindtii
is an important item of sockeye diet in Pitt Lake (see 4.4) it is
possible that rotifers play an important role in the food chain
leading to juvenile sockeye.

sizes of Pitt Lake zooplankton tended to be similar to
zooplankton found in other sockeye lakes near the coast of
British Columbia (Rankin and Radziul 1986). B. longirostris
ranged from 0.20 mm to 0.40 mm with mean lengths of 0.29 mm in
July and March and 0.28 mm in October (Fig. 26, 27, 27a).
piacyclops body length ranged from 0.3-1.0 mm with means of 0.67
mm in July, 0.76 mm in October, and 0.51 mm in March. E.
lacustris were 0.4-1.4 mm in size and averaged 0.96 mm and 0.82
mm in July and October, respectively. L. kindtii ranged from 1.0
mm to 6.0 mm in July with a mean body length of 3.1 mm.

Summer planktivore densities in Pitt Lake exhibit
considerable within-year variation, primarily because of
immigration and emigration of stickleback, smelt, and sockeye in
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and out of the limnetic zone (see 4.3). However, in all years
for which data are available, summer planktivore densities were
very high, at times exceeding 10,000-ha’ in late summer, and '
juvenile sockeye generally comprised <5% of total planktivores.
These densities suggest that grazing pressure on the zooplankton
community is high in most or all years, and since zooplankton
community structure and biomass was aimilar in the three years,
it appears that grazing pressure was also similar in those years.
The low numbers of Daphnia and the small average size (0.29 mm)
of B. longirostris provide strong evidence that zooplankton in
pPitt Lake are subject to very heavy grazing pressure (Kyle et al.
1988). The Pitt Lake zooplankton community, with one prominent
exception (L. kindtii), is typical of coastal British Columbia
lakes which contain substantial planktivore populations, with low
numbers of larger cladocerans such as Daphnia and relatively
large numbers of rotifers. The presence of the very large
cladoceran L. kindtii is quite unusual in sockeye nursery lakes,
and in Pitt Lake past data indicates that L. kindtii is an
important diet item for juvenile sockeye (see 4.4 ). Its
continuing presence is anomalous, but perhaps may be explained by
the low densities of sockeye in Pitt Lake, and the possible
failure of other Pitt Lake planktivores to utilize this large
cladoceran.

4.3 PELAGIC FISH DISTRIBUTION

Assessing the distribution of fish in Pitt Lake presents a
challenging problem due to the presence of three species of
planktivores which are numerous within the pelagic zone; juvenile
sockeye salmon, longfin smelt, and threespine stickleback. In
order to evaluate possible competitive relationships between
these species, it is necessary to first determine their degree of
spatial, temporal, and food resource overlap.

4.3.,1 HISTORICAL SAMPLING

Three fish species predominated in the trawl catches: age-0
sockeye, threespine stickleback, and longfin smelt (Table 15).
Seasonally, sockeye juveniles comprised a declining proportion of
trawl catches (Fig. 28) over the period from April/May (54%),
through to July (19%) and into October/November (2%). Smelt
comprised at least 20% of the trawl catches, peaking in June at
65% of the catch and declining in relative abundance thereafter
(Fig. 28). Stickleback were present in low numbers during
April/May, but virtually disappeared from the pelagic zone during
June (Fig. 28), presumably due to an onshore spawning migration.
stickleback re-appeared in the pelagic zone in July and
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eventually predominated within the pelagic zone, accounting for
53% of the October/November trawl catch (Fig. 28).

Juvenile sockeye trawl catch-per-unit-effort (CPUE) peaked
within Pitt Lake in May to early June and declined thereafter
(Fig. 29). There was a seasonal progression in peak CPUE values
between areas which was consistent with a directed migration by
juvenile sockeye towards the outlet end of Pitt Lake (Area 3).
Trawl catches obtained from the lower Pitt River (Fig. 30) peaked
in July of 1979. These historical IPSFC trawl catch data (Figs.
29,30), taken together, suggest a rapid and directed migration of
large numbers of juvenile sockeye towards the outlet of Pitt Lake

during the early summer period and also suggest an emigration of
age-0 sockeye from the system.

Although a component of the juvenile sockeye population may
have emigrated out of the lake during the early summer, another
component of the population was present in relatively low numbers
during fall and winter periods (Fig. 29; Table 15). These fish
were vulnerable to trawl capture in late summer, fall, and winter
(Table 15) albeit in low numbers relative to stickleback and
smelt catches.

smelt occurred in trawl catches in all 3 areas of the lake,
with no clearly discernable seasonal or area trends (Fig. 31).
Smelt were extremely abundant within Pitt Lake, with trawl CPUE
values exceeding 140/min in one sample from Area 1 (Fig. 31).
Stickleback were largely absent from the pelagic zone during May
and June (Fig. 32), presumably because of littoral (onshore)
spawning activity. Stickleback were particularly numerous during
fall months and frequently produced trawl CPUE values in excess
of 50/min (Fig. 32).

Seasonal changes in the nocturnal vertical distribution of
juvenile sockeye were assessed Dy combining the IPSFC trawl data
for the period 1977-1982. The results (Fig. 33) show a
seasonally increasing nocturnal depth distribution such that
juvenile sockeye were deepest during fall periods. However, the
large amount of variation within this data set reflects little
consistency from survey-to-survey, and no confinement
(nocturnally) of juvenile sockeye to particular depth strata.

puring 1979 when IPSFC sampled pitt Lake extensively, fish
densities increased over the period of observation between late-
April and November (Fig. 34A). These estimates reflect combined
density values for the 3 predominant limnetic species (juvenile
sockeye, smelt and stickleback). When the results were scaled by
the trawl catches to provide specific abundance estimates for
juvenile sockeye within the lake, a sharply peaked curve was
obtained (Fig. 34B). The curve indicated a rapid juvenile
sockeye population build-up in early May, followed by a severe
population decline at the end of May. It is difficult to
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determine the relative contribution of emigration out of the
lake, mortality processes within the lake and trawl avoidance by
fry as they continue to grow, to the observed population decline.

The acoustic results (apportioned by the trawl catches) also
suggested a rapid early-summer horizontal shift in the location
of juvenile sockeye within Pitt Lake (Fig. 353). Following the
detection of juvenile sockeye at +he head of Pitt Lake in late
April (Area 1), there was a rapid shift by juvenile sockeye down-
1ake such that by May, the weighted mean position was in Area 2
(Fig. 35). Later in June and early July, the fish shifted
further down=lake (mean position between Areas 2 and 3).
Thereafter the mean norizontal position was in Area 2 for most of
the year (Fig. 35) reflecting an even juvenile sockeye
distribution within Pitt Lake. The observed horizontal shifts in
mean position of juvenile sockeye are consistent with an early
summer emigration of some of the fry from the Pitt Lake system,
and a continual occupation of the pelagic zone by a resident

component.

The historical nydroacoustic and rrawl catch data suggest
the possibility of 2 distinct sockeye life history types within
the Pitt Lake system. In another study to evaluate the relative
survival of different chinook 1ife history types, Reimers (1973)
successfully used adult scale characteristics to examine the
relative contribution of 5 distinct life history types to adult
production. A similar approach was adopted to determine
(qualitatively), the relative importance of the 2 life history
types to adult sockeye production within pitt Lake. The first
scale annulus from emigrant juvenile sockeye will occur within
the zone of "ocean—growth®. conversely, the first scale annulus
from resident juvenile sockeye will occur within the zone of
nfrechwater-growth®. With this analytical technique in mind
scales from the 1987 adult spawning population were examined. No
evidence was found of a fry emigrant life history type based on
the growth pattern seen in these scales. This conclusion was
confirmed by B. Tasaka, head scale reader for the ISPFC scale lab
between 1954 and 1989. scales from the Upper pitt River spawning
population have been routinely collected and read by ISPFC staff
cince the early 19407s and no evidence has ever been found in the
scale patterns to suggest that a fry emigrant life history type
contributes in any significant way to the returning spawning
population of Upper pitt River sockeye salmon (B. Tasaka, 4255
Gilpin Crescent, Burnaby, B.C., pers. comm. ) .

Diel acoustic observations were also undertaken by IPSFC on
april 13, 1978, to determine shifts in fish vertical position
over the diel cycle. The results (Fig. 36) suggested a well-
established diel vertical migration by the fish population such
that mean vertical position alternated between 50 m and 15 m
during day and night periods respectively.
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4.3.2 1989 SAMPLING

During the July survey, age-0 sockeye, smelt and stickleback
comprised 26%, 50% and 24% of the trawl catches respectively. No
yearling sockeye were encountered, and only 1 other species
(prickly sculpin), was captured. While the 3 species over-lapped
within the pelagic zone in July, there were differences detected
in species distribution patterns (Fig. 37). Juvenile sockeye
CPUE was highest in Areas 1 and 3 in July (5/min and 4/min
respectively) and lowest in Area 2 where no sockeye were captured
(Fig. 37). Smelt CPUE was highest in Areas 1 and 2 (8/min) and
lowest in Area 3 (2/min). Stickleback CPUE values during July
were high in Area 2 (12/min) and low in both Areas 1 and 3
(<1/min) .

Marked differences in relative trawl species composition
were observed in November when age-~0 sockeye, smelt and
stickleback comprised 3%, 13% and 84% of the trawl catch
respectively. As in July, there were differences detected in
species distribution patterns within the pelagic zone (Fig. 37).
Juvenile sockeye were largely absent from Areas 1 and 2 and
occurred in Area 3 in relatively low numbers (CPUE < 1/min).
Smelt CPUE values were also lower in November than July with
values of 2, 0, and 1/min in Areas 1, 2 and 3 respectively.
stickleback was the most numerous species in the pelagic zone
with CPUE values of 10, 8 and 3/min in Areas 1, 2, and 3

respectively.

Fish depth distribution was compared between transects to
determine whether differences in vertical depth profiles (as
determined by echo integration) correlated with fish species
composition (as determined by trawl sampling). The pelagic water
column was divided into 100 (0.5 m) depth bins extending between
the surface and 50 m. In July, virtually all of the fish targets
were distributed (nocturnally) within the upper 20 m of the water
column (Fig. 38). In November, fish targets occurred as deep as
50 m, however, the majority of the fish biomass was distributed
within the upper 10 m of the water column (Fig. 39). Fish depth
profiles were similar between transects in July (Fig. 38).

During November (Fig. 39), deeper fish targets (below 25 m)
occurred primarily in the southern transects (transects 4, 5 and
6). These trends were also reflected in the calculated mean
depths of local fish populations for the different transects
(Fig. 40). In contrast to July when there was no consistent
trend in the mean depth results, fish in November showed an
increasing mean depth with transect location (Fig. 40) such that
the mean depth increased progressively from north (T1) to south
(T6) .

The observed differences in fish depth distribution probably
reflected variations in fish species composition in the different
areas of Pitt Lake. July trawl samples from 11 m (spanning a
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depth between 7.5 to 14.5% m) produced a mixture of sockeye, smelt
and stickleback from most areas of the lake (Fig. 38). 1In
November, shallow trawls at 11 m and 18 m captured few sockeye,
while the deep trawl (39 m) from Area 3 contained relatively high
numbers of juvenile sockeye (39% of the trawl catch) (Fig. 39).
Thus where juvenile sockeye were numerous (Area 3 in November),
depth profiles and mean depth values were correspondingly lower
in the water column.

Fish vertical movements were monitored on July 26 in the
vicinity of transect 3 from 18:40 hours (PDST) to after dark at
22:20 hours. During the first (daylight) transect at 18:40, fish
targets occurred from the surface down to 47 m, with a mean depth
below 10 m (Fig. 41). The fish migrated progressively higher in
the water column as darkness approached, as indicated both by the
sequential depth profiles, and also the computed mean depths over
time (Fig. 41). By nightfall (T=22:20) most of the deeper fish
targets disappeared, and the mean depth decreased to apbout % mn.
These results suggested active diel vertical migrations by fish
within Pitt Lake, which was especially pronounced for the deepest

(by day) fish targets.

Acoustic target strength estimates can be used to draw
inferences about fish size (Love 1977) provided these are not
confounded by attitude (Buerkle 1987) or other variables.
Measured target strength distributions were similar between
transects, both during the July and November surveys (Fig. 42).
In July, bimodal distributions in target strengths were observed
on 3 transects, while in November, target strengths were normally
distributed but skewed towards the higher values (higher target
strength values are usually associated with larger fish sizes).
There was also a shift observed petween target strength values
between surveys such that target strengths were somewhat lover,
on average, during the November survey (Fig. 42).

The observed target strength differences showed a close
correspondence with the measured fish size distributions. A
polymodal distribution in fish size (all species were combined
for this analysis) was observed during July with peaks in the
neighbourhood of 50, 70, and 125 mm fork length (Fig. 43).
Measured fish sizes were unimodal during November {excluding the
few individuals between 75-100 mm), and somewhat smaller than
those measured during July (Fig. 43). The similarity in the
shapes of the target strength (Fig. 42) and fish size (Fig. 43)
curves, as well as the difference in relative magnitude between
surveys, supports the conclusion that fish target strength
estimates can be used to draw inferences about fish size
distribution within Pitt Lake.

In order to compare depth-related differences in fish size
and acoustic target strength, corresponding data for individual
transects were combined and stratified according to depth
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category (different depth categories were required for the 2
surveys because of seasonal changes in fish depth distribution).
Results suggested higher target strength values for fish in the
deeper depth categories, both in July as well as in November
(Fig. 44). Fish size data wvere similarly stratified by depth
(Fig. 45), and showed a corresponding increase in fish size with
depth during November for samples obtained in 3 discrete trawl
depths. The observed correspondence between target strength and
fish size distribution also suggests that target strength
estimates may provide useful fish size information for the
species assemblage within Pitt Lake.

The horizontal distribution of fish within Pitt Lake was
assessed by comparing total acoustical estimates between
transects. Results (Fig. 46) showed changing fish distribution
throughout the year. During July highest densities (>6,000/ha)
were measured along transects 1 to 5 with lowest densities
(<3,000/ha) along transect 6 at the outlet end of the lake. 1In
November highest densities (>9,900/ha) were measured along
transects 3 to 6 and lowest densities (<7,000/ha) along the
inlet transects 1 and 2. Thus there were seasonal differences

s

observed in overall fish distribution patterns within Pitt Lake.

Total fish abundance was estimated at 27,600,000 fish in
July and 34,800,000 in November (mean densities of 7,800 and
9,900 /ha respectively). Sockeye abundance estimates, obtained
by apportioning the acoustic estimates with the trawl catches,
are very uncertain due to several problems associated with
trawling. Time restraints 1imited the amount of trawling that
could be accomplished and thus there were few or no replicate
samples taken. This precludes any estimate of error being made
on the species composition of the catches. Secondly, trawlnets
are known to be size selective. Similar but smaller nets to the
one we used here have shown to be highly size selective at sizes
over 2 g (K. Hyatt, Department of Fisheries and Oceans, Pacific
Biological Station, Nanaimo, pers. comm.). If this is the case
we would have underestimated the abundance of smelt in July when
the older vear classes wvere present and underestimated the
abundance of sockeye in November when the fry were larger. The
result would be an overestimate of the sockeye proportion of the
catch and consequently the abundance estimate in July and an
underestimate in November. With these uncertainties in mind, we
did make estimates of total sockeye abundance of 8,200,000
(2,400/ha) in July and 780,000 (220/ha) in November.

4.4 SEASONAL FEEDING PATTERN AND DIET ANALYSIS

overlap in distribution of the three major planktivorous
fish species in Pitt Lake would allow for the possibility of
interspecific competition for food resources. Stomach content
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data collected in 1978 and 1979 were analyzed for Jjuvenile
sockeye salmon and longfin smelt to investigate this possibility.
Stomach content data for stickleback were insufficient for the
analysis.

4.4.1 SEASONAL FEEDING PATTERN

The seasonal feeding pattern of Pitt Lake sockeye was
similar in 1978 and 1979 and was similar to the pattern observed
for sockeye in many other nursery lakes (Ricker 1937; Barraclough
and Robinson 1972; McDonald 1973; Goodlad et al. 1974; Doble and
Eggers 1978; Eggers 1978) . Stomach content analysis indicated
that Pitt Lake sockeye fry did not begin feeding until late May
or early June (Figs. 47,48; Tables 16,17). At this point, there
was a dramatic increase in feeding activity which lasted through
early fall. Feeding activity declined in late fall (Figs. 47,48;
Tables 16,17) .

The observed lack of feeding activity in juvenile sockeye in
the spring is similar to the observations of Johnson (1981). He
found that growth of freshly emergent sockeye fry entering Pitt
Lake from the Upper Pitt River was stagnant as they migrated to
the outlet end of the lake during April and May. Our study
indicated that this phase is followed by an increase in feeding
activity lasting from June to September. Sockeye fry stomach
samples taken during this period of active feeding showed an
average percent fullness that ranged from 30% to 52% in 1978 and
from 37% to 65% in 1979 (Fig. 47; Tables 16,17). During this
same time period the percentage of empty sockeye stomachs
remained at zero in both years (Fig. 48; Tables 16,17). This low
percentage of empty stomachs indicates that all juvenile sockeye
are actively feeding on a daily basis (Doble and Eggers 1978) .

By November the average percent fullness of sockeye stomachs
declined to 5% in 1978 and to 8% in 1979. In 1979 we see a
corresponding increase in the percent of empty sockeye stomachs
from 0% in September to 89% in November indicating that a large
proportion of the population is not feeding. We did not see a
cimilar increase in the percent of empty sockeye stomachs in
1978. However, the low average percent fullness of the stomachs
indicated that although the fish were feeding they were doing so
at a reduced rate. Other studies indicate that feeding remains
at a low level throughout the winter increasing again in the
spring before out migration begins (Barraclough and Robinson
1972) .

The seasonal feeding pattern of longfin smelt in Pitt Lake
was characterized by a sharp increase in feeding activity in May
as indicated by a decrease in the percentage of empty stomachs
and a corresponding increase in the average percent fullness of
stomachs (Figs. 47,48; Tables 16,17). This heightened level of
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feeding appeared to last only until sockeye began to actively
forage. At this point smelt feeding activity declined sharply.
By late summer when the average percent fullness of sockeye
stomachs peaked, smelt feeding as measured by percent fullness,
dropped to its lowest levels measuring 2% in August of 1978 and
1% in September of 1979 (Fig. 47; Tables 16,17) .

The seasonal feeding pattern exhibited by Pitt Lake smelt
differed significantly from that described by Dryfoos (1965) for
the Lake Washington population. That study revealed that longfin
smelt in Lake Washington feed almost continuously throughout
summer and fall reaching a maximum feeding intensity in
September. Further, the percentage of empty stomachs never
exceeded 40% during years of sampling and was generally around
10% during the seasons of active feeding. The Pitt Lake smelt
population contained a higher percentage of empty stomachs than
+he Lake Washington population in all seasons. Also, the period
of active feeding was much shorter in the Pitt Lake population
and was confined to an interval of a few weeks in late spring or

early summer (Fig. 49).

4,4.2 DIET ANALYSIS

Zooplankton were the predominant forage of both juvenile
sockeye and all size classes of longfin smelt in Pitt Lake.
Consumption of zooplankton appeared to be highly selective since
zooplankton sampling revealed that both fish species consumed
prey items in greater proportion than their abundance in the
environment. Sockeye diet was similar throughout sampled areas
of the lake but did vary seasonally. This was also true for
smelt. Detailed analysis of the stomach contents of the 2
species indicated that sockeye and smelt diets did not overlap.
Cladocerans were the principal prey of juvenile sockeye over both
years of the study, while copepods were the dominant forage of
longfin smelt (Figs. 50,51).

Active feeding of juvenile sockeye in the pelagic zone began
in June and peaked in August or September. Dominant prey were
cladocerans which comprised 95% of the sockeye diet in August
1978 and over 80% in August and September 1979. Bosmina were
numerically the most abundant dietary component, however, because
of their large size, Leptodora were more important
volumetrically. Assuming a mean body length of 3.1 mm for
Leptodora and 0.29 mm for Bosmina (Fig. 26), calculated dry
weight of Leptodora per fish stomach during peak feeding was 2.6
mg while Bosmina was only 0.9 mg. After September, feeding
slowed and sockeye consumed small numbers of Bosmina, Diayclops,
and Epischura in equal proportions (Figs. 50,51). Numerous
studies have documented the importance of cladocerans, especially
Daphnia, in the food of several sockeye stocks (Narver 1970;
Woodey 1972). The absence of Daphnia from the diet of Pitt Lake
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sockeye is most certainly due to the low abundance of Daphnia in
the lake. However, it appears that the large cladoceran
Leptodora has adequately replaced Daphnia as the most important
food item in the diet of juvenile sockeye salmon in Pitt Lake.

smelt feeding activity in the pelagic zone of Pitt Lake
peaked during the spring while juvenile sockeye were shore
oriented. During this time, copepods were the most frequently
consumed prey, with Diacyclops comprising over 90% of the diet
between April and May and Diacyclops and Epischura comprising
over 70% of the diet in June. Feeding intensity declined after
June and smelt became less selective in their forage, although
copepods remained the dominant prey for the balance of the
season. The importance of copepods in the diet of Pitt Lake
smelt is contrary to Lake Washington smelt which have been found
to have 70% of their diets comprised of cladocerans, specifically
Daphnia (Chigbu and Sibley 1989). The paucity of cladocerans in
the diet of Pitt Lake smelt during both years of the study may be
indicative of some interaction with juvenile sockeye or, it may
reflect differences in the ability of the 2 fish species to
capture this type of prey.

Although stomach content data for Pitt Lake stickleback were
insufficient for the gquantitative analysis, qualitative
observations of the diet of this planktivore were made. Gut
samples examined indicate that copepods were the primary forage
of stickleback in Pitt Lake (S. McLellan, Cultus Lake Laboratory,
DFO, pers. comm.). If this is the case, then the diet of
juvenile sockeye salmon in Pitt Lake does not overlap with either
of the other major planktivorous fish species. However, the
stickleback samples were limited in number, represented only one
sample date (February, 1990) and in many cases, digestion of
stomach contents made positive identification of food items
difficult. Further investigation of the diet of stickleback is
one focus of the current field sampling program.

5.0 DISCUSSION
5.1 GROWTH AND AGE STRUCTURE

Information on the growth and age structure of juvenile Pitt
Lake sockeye salmon, taken in isolation from other components of
this study, suggests that the system is recruitment limited. Pitt
Lake sockeye salmon that survived through the end of their first
freshwater growing season were rapidly growing, large and
apparently healthy fish. They were larger than sockeye sampled in
other Fraser River systems at a comparable time. In addition,
their instantaneous daily growth rate over the growing season

exceeded that for other Fraser River stocks and on occasion
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approached the theoretical maximum for sockeye (Shelbourne et al.
1973) and kokanee (Perrin and Levy 1989) . Further, almost all
pitt Lake sockeye migrate to the ocean as 1* smolts. These
characteristics, rapid freshwater growth, large size at the end
of the first growing season and downriver migration as 1% rather
than older smolts, are consistent with juvenile sockeye salmon
originating from recruitment limited systems (Koenings and
Burkett 1987).

Although the age structure and growth information for
juvenile Pitt Lake sockeye salmon suggests they originate in a
recruitment limited system, this conclusion must be tempered by
the evidence for density dependent fry-to-adult survival and
freshwater growth. Of particular interest is the low fry-to-adult
survival for Pitt Lake sockeye salmon in the mid to late 1970's.
Over this same period, the number of adults produced per spawner
increased in other Fraser River and non-Fraser River sockeye
stocks. The differences suggests that the low fry-to-adult
survival observed for Pitt Lake sockeye in the 1970’s was likely
related to events in the freshwater environment rather than a
general deterioration of conditions in the marine environment.
The apparent paradox between the age structure and growth
information on one hand and the evidence for density dependent
survival and growth on the other may be explained if the density
dependent process operates during the period when the fry migrate
downriver into the lake and/or early in the period of lake
residence. It may be that fry that survive these initial periods
of relatively intense mortality, and possibly reach critical
size, are able to take full advantage of the available food
resources and attain the characteristic large size of Pitt Lake
juvenile sockeye salmon. It was suggested in an earlier study
(IPSFC 1982) that the carrying capacity of Pitt Lake might be on
the order of 10-12 million fry. The relationship between fry-to-
adult survival and fry production in our study (Fig. 6) although
showing a negative relationship, does not exhibit any clear
"preak-point® in the vicinity of 10-12 million fry. However, the
relationship between freshwater growth as measured by circuli
count and fry production (Fig. 7) does suggest a rather abrupt
decrease in growth when fry production exceeds 12 million fry.

5.2 TROPHIC STATUS

on the basis of phosphorus and chlorophyll concentrations,
‘bacterioplankton densities, and the relative contribution of
picoplankton to total photosynthesis, Pitt Lake can be
categorized as oligotrophic. But, it appears to be more
productive than most other sockeye nursery lakes near the British
Columbia coast. The data suggest that production in the lake is
limited by phosphorus supply {and perhaps would respond
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positively to nutrient additions), but further work (much more
detailed sampling and possibly nutrient biocassays) is required.
pefore this can be confirmed. Further work is also needed to
document spatial and temporal variation in density and
distribution of L. kindtii (entailing higher sampling frequency
and different collection methods) and its importance as a food
resource to the dominant planktivores in Pitt Lake. It is quite
probable that L. kindtii would respond favourably to
fertilization, but it must be determined that these benefits
would accrue to sockeye, and not to the far more numerous smelt
and stickleback.

5.3 DISTRIBUTION

The three predominant fish species within Pitt Lake showed
different seasonal patterns of abundance within the pelagic zone.
Longfin smelt were present in large numbers throughout the year.
Stickleback were seasonally absent from the pelagic zone during
late spring-early summer, but were extremely numerous during
fall-winter periods.

Juvenile sockeye showed an early spring peak in abundance
followed shortly thereafter by a rapid decline in numbers. This
decline is much larger than measured in other Fraser River lakes
(Fig. 52). For the 1978 and 1979 brood years the IPSFC data
indicates that only 12 - 14% of the initial fry population is
remaining in the lake after early September. Data in other lakes
indicates that on average 36% (ranging from 20 - 61%) remain
after late fall. From an enhancement perspective, it is critical
to determine the reason for the observed decline in juvenile
sockeye numbers within the pelagic zone. Scale pattern analysis
of the Upper Pitt River spawning population gives no indication
that a fry emigrant life history type contributes in any
significant way to the returning adult spawning population. This
suggests that either this life history type does not survive to
spawn or that the observed decrease in fry population is due to

some as yet undetermined source of mortality.

One promising research result from the 1989 acoustic
sampling was the apparent correlation between measured target
strength and fish size distributions. Additional observations
are required to determine whether this correlation is real or
fortuitous. If it can be established that target strength
distributions provide meaningful fish size information, this will
provide a powerful tool permitting remote estimates of fish size
distribution. There are numerous stock assessment applications
where such information would be extremely valuable.

Acoustic results also suggested a large amount of spatial
(horizontal and vertically) and temporal (diel and seasonal)



- 28 -

overlap in the distribution patterns of the 3 predominant species
within Pitt Lake. Such overlap makes acoustic quantification
difficult, necessitating trawl sampling (and an assumption of
equal catchability) to partition the relative contribution of
different species to total acoustic returns. Recently Rose and
Leggett (1988) used measurements from acoustic returns of cod,
capelin, and mackerel schools to classify echo signals by
species. Such an approach may be applicable within Pitt Lake and
permit refinements to guantitative acoustic results.

5.4 DIET

competition for a limited food resource has generally been
regarded as an important process influencing the production of
sockeye salmon in lakes (O’Neill and Hyatt 1987, Burgner 1987) .
Due to the large numbers of other planktivorous fish species in
Pitt Lake, it has been suggested that competition is a major
factor limiting the production of sockeye salmon from the Pitt
Lake system. An examination of the early season feeding pattern
of sockeye and smelt in Pitt Lake indicates that there is some
interaction between these species. The increase in sockeye
feeding activity that occurs in May or June is associated with a
corresponding decrease in smelt feeding. This suggests that
there is no negative impact on the sockeye population due to the
presence of actively feeding smelt. 1In fact, it points to a
situation in which sockeye may be outcompeting smelt for the rich
cladoceran food resource that is available during this time
period. Further support for this interaction is indicated by the
fact that throughout the summer and fall there is an adequate
food supply in Pitt Lake for the sockeye population as we find 0%
empty stomachs in the samples taken during this period. During
the same period we find a variable but always higher percentage
of empty smelt stomachs. Also, in 1978 when the percentage of
empty sockeye stomachs did not increase in November (remaining at
zero) the percentage of empty smelt stomachs remained high. 1In
1979 the percentage of empty sockeye stomachs increased to 89% in
November. At the same time there was a dramatic decrease in the
percentage of empty smelt stomachs from 53% in September to 17%
in November. Also, when the Pitt Lake smelt population is
compared with the population of longfin smelt residing in Lake
washington we find that the percentage of empty stomachs in the
pitt Lake population is higher in all seasons and that the period
of active feeding is much shorter in comparison (Fig. 49).

Stomach content analysis of Pitt Lake sockeye and smelt
indicates an almost complete lack of overlap in diet. The
consumption of zooplankton by sockeye is highly selective and is
made up almost exclusively by cladocerans. Smelt are also
selective in their feeding targeting on copepods as their
dominant forage. Size, abundance and mobility of these prey



- 29 -

items may have an effect on detection and capture by the two
planktivorous predators. It is also likely that Pitt Lake smelt
are outcompeted in the pelagic environment for the valuable
cladoceran food resource by juvenile sockeye salmon. This may
indeed be the case as we find that longfin smelt in Lake
Washington feed primarily on the large cladoceran Daphnia in
direct competition with juvenile sockeye. 1In Pitt Lake, it
appears that Daphnia is largely absent and that as a result, the
large cladoceran Leptodora has taken its place as the most
important food source in the diet of juvenile sockeye salmon.
The fact that smelt do not feed on Leptodora may indicate that
they cannot compete with juvenile sockeye for this valuable
resource.

When all of these points are considered it suggests that
longfin smelt have little effect on the feeding activity of
juvenile sockeye in the pelagic zone. However, it is important to
note that we have no data at this time on sockeye use of the
flats at the outlet end of the lake. In other sockeye nursery
lakes this type of littoral habitat plays an important role as an
early season rearing area (Jaenicke et. al. 1987). There is
evidence to indicate that Pitt Lake sockeye fry spend some time
between May and June rearing on these shoals (Johnson 1981) and
it may be that there is intense competition for a valuable food
resource while sockeye share this portion of the lake with other
species. This is an area which requires further investigation
and it is one focus of the current sampling program.

One more area requiring further study is that of the feeding
pattern and diet of the other major planktivorous fish species in
Pitt Lake: threespine stickleback. This species makes up a large
portion of the total fish biomass in the lake and may have a
significant impact on the survival of juvenile sockeye. Once
again, the current sampling program is aimed at addressing this
guestion.

5.5 CARRYING CAPACITY

The carrying capacity of Pitt Lake for juvenile sockeye (or
its potential for increased adult sockeye production) is
difficult to assess for a number of reasons: the paucity of
detailed limnological data, the current high densities of other
planktivores (longfin smelt and three-spine stickleback), and the
lack of data on the food preferences of the three major
planktivores in the lake. Models developed and used in Alaskan
lakes for predicting potential production of sockeye have to date
been based on seasonal averages of euphotic volume (Koenings and
Burkett 1987) and on macrozooplankton biomass (J. Koenings,
Fisheries Resource Enhancement pivision, Soldatna, Alaska, pers.
comn.). The guphotic volume model assumes that planktivores
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other than juvenile sockeye form an insignificant portion of the
total fish community within the lake. Obviously, this assumption
is not valid in Pitt Lake and any model predictions will
considerably overestimate the current capacity of Pitt Lake to
produce sockeye. Nevertheless, the model is perhaps of some use

in predicting potential upper limits to sockeye production in

pitt Lake, if it is feasible to improve fry recruitment.

Koenings and Burkett’s (1987) euphotic volume (EV) model
predicted a production of 25,000 threshold-sized (2.2 g) smolts
for each EV unit. If we assume that our two sampling dates
produce a realistic estimate of average euphotic zone depths on
Pitt Lake, then the lake has 423 EV units, or a potential
production of 10 million smolts. With a fry-to-smolt survival of
10%, this would correspond to a fry input of 100 million.
Assuming a typical smolt-to-adult survival of 10% (Henderson and
Cass 1991), no spawning ground limitation, and an escapement of
300,000~400,000, Pitt Lake could produce approximately 1 million
adult sockeve, in contrast to recent total run sizes of <50,000.
I+ must be emphasized that this production figure assumes
adequate fry recruitment to the lake and the virtual elimination
of fish which compete with and feed on juvenile sockeye. As such,
thie scenario likely represents a theoretical maximum in terms of
both optimum fry input and adult production. It could only be
achieved through large scale manipulation of the Pitt Lake
ecosystem (eg. whole lake fertilization, predator/competitor
removal) . The lower end to mid-point of a range for fry
production can be set based on the density dependent fry-to-adult
curvival exhibited in Fig. 6. Based on this model, which does not
assume any changes to the Pitt Lake ecosystem, optimum fry
production would be 8 million. Adult returns would be
approximately 85,000. Analyses for the subsequent report on the
Pitt Lake Project will focus on narrowing the range of fry
production which now extends from 8 to 100 million fry.

ITn the Alaskan zooplankton model, mnacrozooplankton were
defined as plankters > 0.25 mm in length. Average
macrozooplankton biomass in Pitt Lake in 1989 was 242 mg-m?,
although this figure is most likely an underestimate because
sampling technigues we employed possibly did not quantitatively
sample the larger zooplankters (primarily L. kindtii). Further,
the random error in the estimate of macrozooplankton biomass is
likely to be large as the lake was sampled on only two occasions.
According to the model, a macrozooplankton biomass of 242 me - m?
should produce 4.5 kg-ha' of sockeye smolt biomass, which is
equivalent to 900 fish-ha' at an optimum weight of 5 g, 2045 -ha’
of threshold-sized (2.2 g) smolts, or 562-ha’ of 8 g smolts,
which are approximately the size the lake currently produces.
Theoretically, adult sockeye production in Pitt Lake could be
maximized under current conditions (ie. current trophic status
and planktivore densities) by producing 5 g smolts at a density
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of 900-ha'. It is interesting to note that despite enhancement
initiatives on Pitt Lake (sockeye hatchery), sockeye densities
have remained in this low range (see section 4.3.2), suggesting
that the lake may currently be at or near its carrying capacity
for juvenile sockeye, given the high densities of other
planktivores which occur in the lake. It is probable that
fertilization would increase primary and secondary production in
Pitt Lake, but benefits reaching juvenile sockeye would perhaps
pe reduced because of the ‘bottleneck’ of intense competition

during the early lacustrine stages.
6.0 SYNTHESIS

The overall objectives of the Pitt Lake Sockeye Salmon
Project are to determine the factors that limit the production of
juvenile sockeye salmon in Pitt Lake and to estimate the carrying
capacity of Pitt Lake for juveniles when expressed in terms of
annual fry inputs. It is implicitly assumed that increases in
smolt production will result in increases in adult returns.
Preliminary inferences regarding the objectives are made below. A
more complete synthesis, based in part on data from 1989 and 1990
and not included in this report, will be provided in a subsequent
docunent.

Juvenile Pitt Lake sockeye salmon sampled through the mid to
latter portion of their freshwater residence appear to be healthy
fish. They grow more rapidly and achieve a larger size than
juvenile sockeye in other systems in the Fraser River. Their
freshwater period is spent in a lake that is more productive than
most other unfertilized coastal lakes. The density and size
distribution of the zooplankton in Pitt Lake is similar to other
coastal sockeye nursery lakes with the exception of the presence
of I. kindtii. Further, evidence to date suggests there is
minimal overlap in the distribution of juvenile sockeye, longfin
smelt and stickleback and in the diet of juvenile sockeye salmon
and longfin smelt. Consequently, this information does not
suggest any particular feature of the Pitt Lake environment that
would account for the apparent low fry-to-adult survival
witnessed in recent years.

Although the foregoing suggests a recruitment limited
system, this may not be the case. There is evidence for density
dependent fry-to-adult survival and freshwater growth in Pitt
Lake sockeye salmon. In particular, the large fry production of
recent brood years has resulted in adult returns that are, in
both proportional and absolute terms, less than adult returns
from brood years with lower fry production. Also, the survival of
sockeye fry during the first few weeks after they move into Pitt
Lake appears to be very low compared to survival over a similar
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period in other nursery jakes in the Fraser River system. The
effect of food availability for and predation on juvenile sockeye
salmon during the period of early lake residence will be the
focus of the second report from the Pitt Lake Project.

We think there is a real possibility that food limitation
and/or predation during the early period of lake residence may
1imit the production of sockeye smolts in Pitt Lake, and
therefore, adult returns. If so, then it may be possible to
increase the number of smolts derived from the hatchery component
of fry production through the use of inlake net pens. More
specifically, holding and rearing sockeye fry in net pens for a
period of several weeks after their normal time of migration into
the lake may lead to an increase in survival. In this regard, we
recommend a rigorous experimental design be developed and
implemented to evaluate the effect of time and size at release
from net pens on fry-to-adult survival. Such an experiment could
be implemented as early as the spring of 1991 and would build on
the experience gained over the last two years with regard to the
use of net pens in Pitt Lake.
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Table 1.
1985) .

Fish species present in Pitt Lake (modified from Elson

Common Name

Scientific Name

white sturgeon
Longnose sucker
Largescale sucker
Prickly sculpin

Common carp

Threespine stickleback
Brassy minnow

surf smelt

Brown bullhead

Lamprey

Peamouth chub
cutthroat trout

Pink salmon

Chum salmon

Coho salmon

Rainbow trout and steelhead
Sockeye salmon and kokanee
Chinook salmon

Starry flounder

Black crappie

Mountain whitefish
Northern squawfish
Longnose dace

Redside shiner

Dolly Varden char
Longfin smelt

Eulachon

Acipenser transmontanus
Catostomus catostomus
catostomus macrocheilus

Cottus asper

Cyprinus carpio

Gasterosteus

aculeatus

Hybognathus hankinsoni

Hypomesus pretiosus pretiosus

Tctalurus nebulosus

Lampetra spp.

Mylocheilus caurinus.

oncorhynchus
oncorhynchus
oncorhynchus
oncorhynchus
Oncorhynchus
oncorhynchus
oncorhynchus

clarki clarki
gorbuscha
keta

kisutch
mykiss

nerka
tshawytscha

Platichthys stellatus
Pomoxis nigromaculatus
Prosopium williamsoni
pPtychocheilus oregonensis
Rhinichthys cataractae
Richardsonius balteatus
Salvelinus malma
Spirinchus thaleichthys

Thaleichthys

pacificus
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Table 2. Monthly hydroacoustic and trawl samples in Pitt Lake
conducted by the IPSFC.

Year Fan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1977 | 1

1978 1 1 2 1 1

1979 1 4 4 4 1 2 1

1980 1 i 1 1 i

1981 1 1

1982 , 1

Total 0 1 i 2 5 7 6 2 4 2 2 0
Table 3. percent of age 0% juvenile sockeye salmon in trawl

samples taken from pPitt Lake for the years 1978 to 1980 (number in
parentheseis is the total sample size).

1978 1979 1980

93.5 (31) 95.6 (435) 100.0 (59)
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Table 4. Average instantaneous daily growth rate (%) for juvenile
sockeye salmon in Pitt, Cultus, Quesnel and Shuswap lakes.

Lake Brood Year Average Daily Instantaneous
Growth Rate

Pitt 1978 1.73
1979 2.55
Cultus 1976 1.04
1982 1.06
1986 1.65
Quesnel 1977 2.02
1981 1.81
Shuswap 1974 1.46
1975 1.66
1977 1.74
1978 1.44
1979 1.66
1982 1.42
1983 1.64
1986 1.47




- 42 -

- 8¥'T LO°C - 8°¢ 8z €°S €°TT €9l 9°6 8L 8°8 O8T  €°%¥Z 6°EL  UESN
....... TRV TSy T Tsw o - 9°IT €91 - §°9 ¢8 o8t o0'ic 0ol 9
- Ip°T v0'T Z°v e6°v 0t I°S S°TT S°9T L8 ¥'9  6°8 ©8T 0°Iz gUed S
- 8€°T 29z €°9 €% g€ ¢'§ S§IT 89T 8°6 68 ¥'6 08T  Z°TT 9707 v
- - 80T - 7'z 8T - T°1T 0°91 - 89 6°8 08T L[°ZZz 9797 €
- ZI'T oOL'T ©0°L T°€ €°¢ 9§ 0°IT 8°ST ¥'6 8°CT T1°6 ©°8FT  Z°IT €781 4
- ST'T 2s'T - §'¢ T'T - 6°0T s°sT - 9°L €°8 oS8T g€ L°SI T
Tew 300  Ine AW 320 IRC IBW 300 Ine JBW 390 InL IBW 300 IRL UOT3EIS
1-br {(w) (Do) (u1) (w) yadep
11Aydoxo1yo yadep TyOO@®S -dwsy 8sejang auoz otaoydng BUTTooWIABYL

-ganTea orjouwiTide urew axe elep ITAydororud
‘06/TZ Uoaew pue ‘eg/Sz a8qoldo ‘68/61 Alnr sae ssjep burrdwes -eyey ay3i Jo sIxe 1eutpnithbuoy
aya PuOT® pelEOO] SUOTIEBIS XT8 ' SajqeTIesa TeoTboiorq pue yeortsAyd jusTies uy uoTleTIERA G BI]EL




- 43 -

0 00°0 18 TI1°0 0 00°0 8tL 96°T 20T vT°0 0g-0¢
0 00°0 6¢C 60°0 0 00°0 6L0C OV"S LLS 8TZ'T 0Z-01
LET 99°VC LL2E OT°0 0 00°0 ¥559 C0°81 0 00°0 0T1-0
S-# cw.brf G- . B cu-# cw.brf O -1 oW cw.brl patduwes
syadaa
sndoIlsen pryzIeA70d rwoseo0Td BT3300TTT®Y snTTYOO0UOCD
168 00°0 91 Z1°0 Sy ¥0°0 Sy £0°0 0 00°0 6C6€ SC°S 0g-07¢
689Z 10°0 0 00°0 v 30°0 6C v0°0 T 10°0 189¢ t¥°¥ 0C-01
8966 S0°0 88LT SL"T 6L LZT°O 9L8 86°C vy 9%°0 OTIGT 2°LT 01-0
W mbrme S mb?mE G- mbrmE Sl # marmE Jueg marme W mbrmE paidwes
syadaa
519371304 sTI3SNnoeT -ds sdordo¥erd wniaqqth TTIPUTY sTI3SOITHUOT
Telol eanyostdy wnTpadoToH eaopozdeT pUTWSOH
062 80Sf  09¢¢€ - - - - - - L0°0 ov
6981 00%9  ¥ESE - - - - - zo't  €C°1 0T1-9
L ATAS 6889 L8T6 - - - - - 971 yLT 9-€
069T 0ZES S10TT - - - - - LT ¥1i-¢ £-0
0I0TW OoueN ©O1d OID0TW oueN ©oTd (230l OIOTH oueN co1d  1e30l pestdwes
sy3daqg
(,.-Tu1. - ON) (,ay.,1.0 brl} (.71-6r)
uoayuetdolAud sTsayjuisojoud 11Aydoaotyd
Zt 68T 6v°0 61 6L°1 L°c 1°¢ o°egL 0°8v ov
%4 £eve £6°0 - - 6°2 6°S 9°%9 L°Z1 01~S
[44 98¢ ¢80 - - 8°¢C 6°¢ T°¥9 g°t 9-¢
194 667 IL°0 €T 9¢g°1 s ¢ Lt L°6S 1°8 £-0
{,71-6M) { .-1-6r) (T 0T X #) (. 1-Hbw) {,.71-1s bw) {,71-Bbr) (,.1-67) (71N Bri) (*1.ny B} perdues
N "23ed 5 3aed eTaajoeg sSpI1OS 83e0117Ts d °*3xed d 1230l 83eI3TN e1UOWUY syadad
-s8Tp "230%
6861 '61 AInL uo Z UOT3E}S B SITqETIEA {eoTboTouwt] 3O SUOCT3IBIJUSOUCD 9 3TABL




- 44 -

0 00°0 ZET ¥£°0 o 00" 0 99LT $¥9° 9% £8C 8%8°0 0e-0¢
0 00°0 LZ¥% 81°1 Ly 101 S6CE 09°8 ZPeET 6L°C 0C-0T
0 00°0 £SP1 06°¢C ZE6E LF°TT 0s9¢ 1€ L 58 $1°0 0T-0
W mb&mm P F mbrml PIEE mbvml PR cw.Brf PO s bri patdwes
syadadg
sndoxjsen pryzIRATOd PWOS80Td BYT2300TTTO®H snyTYOOUOD
G81¢ G070 Sz 82°0 poc S1°1 0 e o O 0070 06Ty ¢CL°¥ 0€e-0Z
16%S 1070 ¥e L0°0 6374 $1°0 0O 000 8] ¢co°0 616L 0O0°6 0Z-07%
01Z8 80°0 56 ¥C°0 6t 80°0C 0 o0 0 0 000 LESL LO°L 01-0
LR L Buw Qg G- B G B cueg e Bw o B P R patdwes
syzdag
8123 130% STI38NoRT *de sdordoerg wnIsqqrh TTIPUTY sTaascaTbuoy
1B30L%L pInyosTds wntpasdoToH propozde] PUTWSOF

“B3Ep STU3 UO UOT3IERS STY} 3B paldwes 2I8Mm
uvoayuetdooz ATUO 6861 ‘97 IBQO3D0 UC T UOTAEBIS I' ST[GEIAEA TesthoTouwT] IO SUOT3BIAUSOUCD

cLoeTgel



- 45 -

0 00°0 0 00°0 0 00°0 LTT %E£°0 L Z0°0 0£-0¢
0 00°0 0 00°0 0 00°0 29 LT"0 0 00°0 0Z-0T
0 00°0 0 00°0 0 000 R ST°0 o 00°0 0T-0
Q- b S cw-brf oW cw.bri W cw.brl U cw-brl palduwes
syadaqg
sndox3lsen pryzIedTOod PWOS30Td BT3300TTI®N snTTYO0UOD
¥¢T 00°0 0 00°0 8Z¥T 9Z°1 0 00"0 0 00°0 o 00°0 0g-02
<9 00°0 L Z0°0 SSPT €271 0 00°0 0 00°0 0 00°0 0Z-01
SS 00°0 0 00°0 6LY TP°O 0 00°0 0 00°0 L Z0°0 ot-0
W cw-bu oW u-bu W # o w-Huw - w.buw I b g ou.Bw patduwes
syadsadg
sxajtaocy sTI3ISnoeT -ds sdordopTg wnIsqqrh TTIPUTY sTI3S0ITbBUOT
12301 eInyodsTdg wnrpsdoToH pIopozdsT puUTWSOH
06¢ 80S¢E o9ce - - - L0°0> LO°0> LOTO> 6070 ov
6981 00¥%9 AR - - - LO°0> LO0> LOTC> 60°0 Z1-8
psL1 6889 L8T6 - - - LO0> LO°0> LOTO0> TIT1°0 8-v
069T 0z¢gs STOTT - - - LG 0> LO°0> LO°0> 80°0 v-0
OIOTH OUEBN 0o1d OXOTH oo1d ie30] OIDTH ouen 00Td 1e30] psidues
sy3daqg
(,1w.-oN) (.a4..1-0 brf) (,1.61)
uoayuetdoliAud sTsayjudsozoud T11AydoaoTyd
8 €971 £€8°0 LT 86°1 9°1 0"t 0°LIT 9°0¢ ov
Tt SyT £€8°0 - - S T 6°¢C 1°811 S°6 Z1-8
ot 9¢1 18°0 - - 9°1 AR 0°611 6°S 8-v
8 L4 AN 89°0 1383 AR ¥t £€°t 0°C11 9°vt ¥-0
{,.1.Br) (1.6 (L Tw,0TX#) {,.1-bur) (.1-1s buw) (,1-6r) {,71-br) { .1-n Br) (,-1-N Brf)  patdues
N -3xed > -3xed BTI8300Y spT10O8 83BOTITS d "3Ied d 12301 838X} TN BT UOWWY syadaq
°88Tp "301
‘0661 ‘Tz UDIEBW UO g UOT3E3S 3B S3TqeTdes TeotboTouwT] O SUOTIBIJUD0UOD g BIGEL




- 46 -

0 00°0 0 00°0 o] 00°0 1081 95" % 0 00°0 0€-0¢

1A €T ¥ 6LE 98°0 0€0T 6€°€ 89TC 96°S €91 ¢£°0 0¢-01

0 00°0 8€0V 9201 0 06°0 9¢SL LS°0C ¥8T 9€°0 0T-0
U o w.brf S bl LW cw.brf P cu.brf UL cw-bri paldues

syadaq

sndox3sen vryzaedrod PWOS20Td BPT3300TTT®Y sSnNTTYD20UO0D

T08T O00°0 ITZ TL°0 €6EC LE D 0 00°0 0] 00°0 yove 96°¥ 0€-0¢

yeLE <CO°O0 6TT 9T1°0 1384 L0"0 0 00°0 0 00°0 0€ZS 0€°9 0Z-01

8PLIT €670 6191 9¢€°¢ 0TT LO°O €€  9T°0 £E AR y9coe sv°¢ec 0T-0
U f cw.Bu i F cu-bu oW o W-Bu cUi-# ¢ B Cuf cw-Hu P b pa1dwes
syadsaq

51837304 2301 sTI3Ssnoer -ds sdorAoeTQg unIsqqrh TT3PUTY sTI3soxtbuor
pInyostdg wnTpadotoH propoadeT rUTWSOH

8Le 2861 ¢s6¢t - - - - - - - LT°0 ov

LEOZ 9956 9T0TT ¢0°0 LT°0 $1°0 £€€°0 LO°0> 8S5°0 £€1°¢ 28°¢ 0t1-9

9181 6816 0TSTIT 00°0 18°0 T¥ 0 €21 LOT0> LE°0 ST1°¢ Zs°¢ 9-¢

yoLT y6€£8 12901 S0°0 IL°0 €€°0 80°T LO"0> ¥S°0 SL°T 0v°C £€-0
OIOTH oueN ©OD21d OXDTW oueN ©02TId [Bl0L OXDTH ouej ootd 12305 paidwues
syadaqg

(. Tu. - oN) (,.24. 1.0 br) {,71-6r)
uoayuetdollyd sTeayljulsoloud 11dAydoaoiyd

ST - £EV°0 91 PL°T [ 6°¢ 9°1L 8°S¢ ov

Lz L9¢g ¥s°0 - - €1 9°¢ T°€9 T°9T 0T-9

8¢ IvE Z9°0 - - S°1 9% 1°09 €L 9-¢

82 £0¥ £€6°0 8 8€°1 9°1 0°8 0°8S oL £-0
{,71.61) { ,.11-br) {,Tw 0T X #) {,71.-bw) {,71-1s Bu} {,71.B651} {,1-brf}) (1.8 Br) (. 1N Brl)  patdwes
N -33ed o taxeg vTIajoeg spTTOS8 ®@3'oTITS d °axed d 1®20% B3BIITN BT UOUNIY syadeaqg

*s8TD "30L

6861 ‘07 AInL uO § UOT3IEIS 3B So[CETIEA TROTHOTOUWTT JO BUOT3BVIZUSOUCD "6 STYRL




- 47 -

o 00°0 6 ¢0°0 61 90°0 ¥6T TS°O0 6 20°0 0g-02¢
0 00°0 1€ 09°0 90¢ 8S°0 £9¢T OL°€ 90¢ 1670 0cZ-01
0 00°0 G9€t 98°8 Z69L €V €L LZEY 88°1T %9 C¥°T O0T~0
W bl - cw.brf W cw-brf W cw.brf LW # cw.brl paidwes
sndoI3sen exyzzedrod pPWOSOOTd BT3300TTT8X snTTYOS0oUOD suadea
1€¢ 00°0 6€T LT°T LTy €€°1 0 00°0 0 00°0 0€9T L6°1 0e€-0¢
981¢Z 10°0 0 00°0 8¢ 80°0 0 00°0 0 00°0 TECZE SL°E 0Z-01
§Z09T1 S0°0 o8 €T°0 19 61°0 0 00°0 0 00" 0 106L S27°8 0T~0
S ¢ bw W o bu S # - Bur W ¢u-bw S g u.Bu U oW Bw patdues
szajT30d T1E3I0L STI3ISNoeT -ds sdordopTg wnxaqqrh TTIPUTY sTa3soxrbuot suadea
epInyosrdy wntpsdoroH eIopozds7 pUTWSOY
i8¢ £E€6T 8vevy - - - - - - - - oy
SSY £%99 809ST00°0 000 000 00°0 T10°0> 56°0 08°0 A 01-9
9v8 £€8EL LT6VT00°0 S0°0 10°0 LO"0 10°0> 0s°0 £8°0 ye"T 9-€
€8S £€9TL 990STC0" 0 YARG LT°0 S¥°0 10°0> L9°0 ¥8°0 Is°1 £€-0
oI10TW oOueN o014 O0IDTW ©OueN ©ODTd [®30L  OIDTIH OUEBN ooTd 1e301 peoidwes
syadag
(, Tw.°oN) {.xy. 1.0 B) (,.1.6r)
uoayuetdolAud g1sayjuidsojoyd 114AydoaoIud
12 s8¢ ¢9°0 St LL°1 €°¢ Lz 9°€L LY ov
61 6€c S8°0 - - - T°C [7 > T°%y £°1 0T-9
e 182 3L°0 - - [AN4 1°€ 0°tE¥y v-Z 9-t
61 S97¢ 06°0 s1 [A £€°Z v°C 6°v¥ 0°¢€ £-0
{,71-67) { .1.6M) (1w 0T X#) (,.1-Bbw) (.1-¥s Bu) {(,71.5r) (,11-Br1) { 18 Br) (.-1-N Bbrl)  pstdues
N -3Ied D "3xed e1I230%®Y 8pT10S 83edTITIS d °axed d Te3lol 83eI3TN B TUOWWY syadsa
*ssTp °"30L
“6861 ‘97 I92qO3D0 UO p UuOTIEIS B SB[qERTIRA Teotbojouwt( 3JO sUOTIBRIJUBOUOD 0T BTdEL




- 48 -

0 00°0 0 000 0 00°0 (4] £€C°0 0 00°0 0e-0¢
0 00°0 0 00°0 L 00 Lz Lo0"0 0 00°0 0Z-01
0 00°0 0 00°0 0 00°0 LAl AVARY) 0 00°0 0T-0
oW # cw-brf W cu.brl Jug# cw.brf oW cw-Br S gu.brl patdwes
sy3dag
sndox1sen pIyzIeATO04 RWOSE0Td BT3300TTI®N snTTYOO0UOD
Z8 00°0 0 00°0 PEOT 9171 0 00°0 0 00°0 0 00°0 0E~-0C
e 600 0 00°0 LLCT SE°T 0 00°0 0 00°0 0 00°0 02-01
LAl 00°0 0 00°0 oeL 1TL°O0 0 00°0 0 00°0 L £0°0 01-0
T’ . bw G B S - B S cu.Bbw I o w-bw I . bu patdwes
syadaqg
s1a3j1304 sTI3snoer dg sdordoerqa wnraqqrhb TTIPUTY sraysoxrbuor
12301 pznyosTdy wuntpadoToy evIopoide] vUTWSOY
8¢ £E6C B¥ZY - - - - LO0> LO0° 0> S1°0 ZZ°0 ov
SSy £¥99 809S1 2070 ¥0°0 10°0 L0 0 LO° 0> L0°0> 0T°0 LT 0 6-9
98 £8¢EL LTI6VT ¢0°0 0T°0 01°0 AR LO 0> L0 0> L0°0 51°0 9~t
€85 £9TL 95061 00°0 £€T°0 S0°0 8T1°0 L0°0> L0°0> L0°0 S1°0 £-0
OIOTH ouEN 00714 OI0THW OueN 0014 1e30] OISTH ouey 02T4d 1e301 pasidwes
syadaq
{,.w. - oN) (,.ay.,1-0 br) (,71-6r)
uoajueidoiziyd s1sayjuisoloyd 11iydoaoTyd
S 821 86°0 1Z 99°1 L1 9°7 9°8TT ¥°9 ov
& 8¢t 08°0 - - 1 L°c S 61T T°v 6—-9
L 60T L8°0 - - 71 6°¢ 0°S11 Z°L 9-¢
L Let 8L°0 £Z LL-1 ¥ 1 6°¢C £°PTT 6°LT £-0
(,71:61) { .1.6¢) (T 0T %X #) (,.71-bu) (,71-1s buw) (,.71-6) {,.71-67) { 18 Bbr) (.1-N Bri}  psrdwes
N -1aed D *3aed p1I230%®g sp1TO8 93EDTITTS d °-axed 4 Te30lL 33BIFIN ?TUOWWY sysdadg
*SSTP *30%
“0661 ‘1z UOJIEW UO p uOT3E3S 3B S8IgeTIEs TEOTDOTOUWTT JO SUOTIBIAJUSOUOD  "IT STAEL




- 49 -

0 00°0 LE 60°0 ] 00°0 98L 8T°'¢C 0 00°0 0£~-0¢
57 L6°9 §¢¢ L9°0 SET 0Ov°0 6v8T L6° Y ¢] 00°0 0Z-01
81¢C ¢L"SE £€8T¢C ST°S 8¢t 86°0 8v1y $O° 11 8CE SL°O 0T~0
S .brl oW cw.br U " w.brl - cm.brl - cw.brf patdwes
syadaqg
sndox3sen exyzaedrod pWOS80Td BPTI300TTI®Y snTTYD0UOD
€¢8 00°0 9 S0°0 LZLT TT°¢E 0 000 0 00°0 9T1L V"1 0g-0¢
ys2c 10°0 LT €0°0 6¥1T ¢2Z°0 0 00°0 0 00°0 622t 9¢° ¥ 0CZ-01
S§0¢L S0°0 oegZe 8¥°S L9T LT"O L 60°0 S 20" 0 9Z6S 8E°L 0T-0
s . Bu U-F - B IF cu.bu S # cw.Bbu o b i oW bu pat1duwes
syadaqa
819371304 sTI3SNnoeT -ds sdordoeTa wnxaqqrhb TTIPUTY sTa3soxtTbuor
1e30% paxnyosTdy wnTpadoToOH pI0OpO3daT pUTWSOH
S9¢ €1Le £90¢ - - - L0O°0> - - €T°0 ov
€961 9988 0886 - - - LO 0> ¥ec o v 1 LL°T 0T-9
0S91 Q€911 ZELET - - - LO°0> ov°0 ¥6°1 sv-¢ G-€
Z6¢€T 0188 GG8TT - - - LO°0> v¥Z-0 £€S°T 881 £-0
OIDTH oueN 0oT1d O0I0TW oueN ©0DI4 (B30I  OIDTH oueN 0014 (e300l paldwes
sy3dad
(, 1. - ON) (.ay.,1-0 Br) (,.11-Br1)
uoajuetdoliud sTs8ayjudsoloyd 1T1AuydoaoTud
6T LOY sv°0 <t 18°1 1 1°¢€ L°EL £°t ov
61 Zov 59°0 - - €°T 0°S 9°TIL ¢°91t 0T-9
ve 09¢ 99°0 - - Z°1 1°€ S°19 L°v 9-¢t
12 ive LSS0 12 se°T1 "7 9°¢ 709 6°6 £~0
{,-1-bm) ( .71-61) (,Tu. 0T x#) (,71-bw) (,11-1s bw) (,71-61) (,.1-6r) { ,.71-N Br) (,1-N brl)  patdues
N -3aed D -3xed eTI93088 sp110os 23®OTITS d -3xed d T1=30L ®3RI3TIN B TUOUWY syadaqg
*ssTp "30%
‘6861 ‘0Z AInp uo G uoT3E3IS 3B SI3[qRTIRA feocTboTouwT] JO SUOCT3EIJUIDUOS  °ZT BTqel




- 50 -

0 00°0

SET 6C°0

0LZ LL°O 896 6V°¢C osy ¥8°0 0e-0¢
0 00°0 LZg 98°0 g86TT ¢V "L 6LTZ 99°G 86TT €¥°C 0¢-01
0 00°0 ¥sov 6S° 11 ¥698TL9°¥S vSO¥ $E°TT 106 1I8°1 01-0
CW ow.brf oW ou-bri S cw-brl S cu-brf Sul-# cw.bri @m mzﬂ uQmemmam
sndoa3sed eayzaedyod BWIOSB0Td PT33200TTT8Y sSnTTYOO0UOD
€¢8T 00°0 ¥l L0°0 921 91°0 0 00°0 0 00°0 LOLY 62°S 0e£-0¢
zosy 10°0 Ly 90°0 9z 0OT1°0 0 00°0 0 00°0 L196 02°01 02-01
€0LLZ 8070 149 91°0 16 0T°0 0 00°0 0 00°0 SE€T8 L6°8 01-0
W w-Bw S a1 bw U # cu.bu o Wb s c.bu S (. B WMMMMMM
sI1837130d e300l sTI3Sho®eT -ds sdordoera wnIaqqrh TTIPUTY sTx3soxrbuor
ernyostTdd wnTpadoTOH epI0pO3daT rUTWSOH
se61 oyve 1507 - - - - - - ov
LZE 6987 L9691 - - - LOT0> €E¥°0 L8°0 ov-1 Z1-8
€18 0CSsS €0191 - - - LO" 0> Sv¥°0 Z28°0 ge" 1 8-¥
899 8LSL [AeYARE - - - LO° 0> £€5°0 18°0C vyl v-0
OIDTH oueN 0014 0I0TH OueN ©0OTd Te3aolL OJIDTH oueN ootd Te3ol perdues
syadag
{,Tu.*oN) {(.2y.,.1.0 br) {,1.6r)
uoayuetdoliuyd sTsayjudsoioyd 11AydoaoTud
- - LS°0 8L°T 6°¢ L 6°0L £y ov
12 6S¢ Z6°0 - 1°c 672 ?°6¢ S°8 ¢T-8
6T vy 00°1 - (A4 £€°Z Z°0v oV g~-¥
IZ £ee 80°1 8y°1 I°c Lz L°T¥ v ¥-0
{,71-67) { ,.1.6M) (T ,0Tx#) (.1-6w) {,71-15 buw) {.1.Br) (,.1-Br1) ( ,71-N Br) (,71-n 6r) patdwes
N -33ed D "3xed eTI830%®d spTT0O8 23807118 d *3axed d Tel0L 23eI3TIN e TUOoUNIY syzdaqg
*88TIp "3I0L

*6861 ‘97 ‘I2903°0

Uuo § uocTaens

Je sa{qetaes TeoTbofouwI] 3O SUOTIBVIJUSIUOY

‘g1 819BL




- 51 -

0 00°0 0 00°0 0] 000 1T £0°0 0 00°0 0€-0¢
¢] 00°0 0 00°0 0] 00°0 9t 0T"0 ¢} 00°0 0Z-01
0 00°0 0 00°0 6] 00°0 £E0T 6Z°0 0 00°0 01-0
cW-# o brf S cu.brf S cw.brl G- cw.-brf S cw.Bri patdwes
syadaqg
sndox3sen vIy3TRATO4 pWOS80Td BT3200TTTON snTTYI0UOD
TT 00°0 0 00°0 966 €0°1 4] 00°0 0 oco°0 0o 00°0 0g-07¢
S€ 00°0 0 00°0 TebT LE'T 0] 00°0 0 00°0 L 10°0 0¢-01
£€0T 00°0 0 00" 0 169 1IS°0 0 00°0 0 00°0 4] 00°0 0T-0
o -bu o . Hu o o buw W cu-bu W F B cWeF - Hw patdues
syadeqg
sI18JT1304 sTI3snoer -ds sdordoerrg wnzaqqrh TTIPUTY srr3soxrbucy
1e301L exnyosTdyg wnTpadoToH vIOopO2d8] ruTUéISOg
s6T ovve 150% - - - - LO 0> LO"0> 61°0 9¢°0 ov
Lzt 698% L96Y%T - - - - LO°0> L0 0> 80°0 g1°0 6~9
£18 0¢Ss9 €0191 - - - - L0°0> LO" 0> IT°0 8T°0 S-t
899 8LSL 20?791 - - - - LO"0> LO"0> Z1°0 61°0 £-0
QIDTIN oueN o014 OX0TW oueN ooTd Te3acl  OJIOTH ouen ooTd 1e30l paidwes
syxdag
(7w -oN) (,.x4.,71-0 br) (,11.67)
uoayuetdoaiyd stsayluisozoud 1TAydoaoTyd
8 £el 5270 LT 6L 1 L°1T 8°¢ g-eel £°¥ oy
01 bET 96°0 - - S°T 9% 9°0¢CT1 0°6 6-9
0T TS €L°0 - - o1 s°¢ 1°61T g L 9-¢
0T L1 1670 LT 98°1 9°1 (A 4 1°611 8 ¥ £~-0
(,71-6A) ( ,1.67) (T 0T X #) (,71-6m) (,1-1s bu) {,71-br} {,71.6r) { 1N Br) (.18 Br)  petdwes
N -3xed 3 *33ed eTIs30vg sSpITO8 33eoT1IT1IsS d °c3xed 4d Tea3ol 23BAJITN eTuowny sy3adaqg
“sSTp "301L
“0661'1¢ YoaeW uo § UOT3IBIS B SITARTIBA TeotboTouwT] JO SUOT3IBRIZUS8DUOCD  “F1 3TQRL



Table 15. IPSFC trawl catch results from Pitt Lake.
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Proportion Of Catch (%)

Sockeye Stickle~
Date Age~0 Age=1 Sculpin Smelt Back
Early Spring
02-May-78 1 1.9 0.1 23.8 0.1
30-Apr-79 1 0.4 0.4 22.2 57.8
08-May-79 7 0.4 0.4 42.0 17.1
15-May-79 3 0.5 43.1
24-May-79 7 0.3 29.0
29~-May=-79 4 31.4 6.7
Mean 6 0. 31.9 13.6
SE (20.8) (0. (8.9) (22.6
Late 8pring
09-Jun-78 .1 97.1
28-Jun—-78 .6 95.7 2.6
08~Jun=-79 .8 56.3
14-Jun=-79 .5 69.9 2.9
18-Jun-79 .7 91.5
29-Jun-79 .1 25.3 3.0
12-Jun-81 89.2 10.8
Mean .1 65.6 2.4
SE (27. (26.6 (3.8
summer
04-Aug-78 .5 57.6 40.7
06-Jul-79 .4 49.6 7.9
12=-Jul=-79 .8 48.0 11.2
18~-Jul=-79 . 1 62.4 19.5
24-Jul-79 .9 33.4 38.7
31~-Jul=-79 .2 45.3 36.5
17-Jul-80 .6 78.8 6.6
06-Jul-82 .5 93.2 2.3
Mean .4 52.0 18.1
SE .0 (6.5 (5.3
Early Fall
24-Aug-79 .7 65.7 24.3
05-Sep-79 . 2 46.0 49.8
19~-Sep~-79 .9 28.3 62.5
10-Sep-80 5 10.0 87.5
16-5Sep-81 0.1 24.3 75.6
Mean .2 0.0 29.1 49.9
SE .2) (0.0 (21.5) (24.4
Early Winter
05-0ct=-77 2.3 31.3 66.5
22=Nov-=78 1.2 32.2 66.2
19<-Nov-=79 2.9 47.5 49.6
06=-0¢ct=80 2.1 14.3 83.5
Mean 1.7 25.0 3.2
SE 0.3 (6.1 (6.2
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Table 16. Average percent fullness and percentage of empty
stomachs for Pitt Lake sockeye and smelt in 1978.

MONTH SAMPLE SIZE % EMPTY GUTS AVE % FULLNESS
sockeye smelt sockeye smelt sockeye smelt

APR 30 115 93 70 3 5

MAY 60 91 100 57 0 5

JUN 3 70 0 17 30 36

JUL 128 9 12

AUG 3 70 0 47 52 2

SEP

NOV 6 82 | 0 51 5 2
Table 17. Average percent fullness and percentage of empty
stomachs for Pitt Lake sockeye and smelt in 1979.

MONTH SAMPLE SIZE % EMPTY GUTS AVE % FULLNESS

sockeye smelt sockeye smelt sockeye smelt

APR 20 25 100 54 0 1
MAY 20 18 90 4 i 38
JUN 22 25 50 28 37 38
JUL 12 0 46

AUG 10 27 0 20 44 16
SEP 20 40 0 53 65 1

NOV 9 6 89 17 8 3
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Fig. 1. Map of Pitt Lake showing location of limnology stations,
hydroacoustic transects, and trawling areas.






- 57 -

-uowTes aAadO0s axel 333Td A03F {€86T
-096T) @ouepunge A1J pue (vg6T-87v6T) (qusuadeos? butumeds

snTd yoleo) uaniax [el303 3yl jo Jesak pooaq Aq sejeuwilsd °C *b14d
HY3IA AO04dd
.86} c861 L.L6} cL6l L9961 296!l LG6L ¢G6l1
Orrtr77 B Am T 1 ﬂ“ T 11 ﬁ, T T _“ 1 _n I 0
-4 08
gl
- 001
0oL -
406Gl
Gl f M
: 4002
o0z | 052

(SNOITTIN) LNO Ad4

(SANVSNOHL) NdENL3Y 11Nnayv






- 59 -

c£86T-8V6T Saesk pooaq 103 soTdwes punoib pbutumeds
a)eT 233Td UuTr uowles aksyoos 3JInpe g pebe 7qusdasd ¢ -b1d

€861 8.6l €46} 8961 €961 866l £S61 8V6l1

Oc¢

ov

09

, ool
S1INAVY 2°S %







- 61 -

*Kxsyojey o931) progao) aylz woxjy burjeurbrao
uotjonpoad AaJ uowTes 94a00s axeT 33T [e303 JO JusdIad v "Db14

086l G/.61 046} Ga6l 0961

0¢

10)%

09

08

- 00l
Add TINNVHO %







- 63 -

*€£86T-096T7 WOII sSIeal poolq 2yl I0J uUowles
akexpos a)eT 31Td JI0F TRATAINS 3J[Npe-03-AI1J Jusdisd G “bta

086l G/l6l 046l Go6l 096l

=

B o g
(%) TVAIAHNS







fic tual

s
P |
§
s
=
>
2
=
@ 2
]
¢
100«
80+ // {
8 ' /// - |
. |
3 / S ;
" 60 - ; \\‘ |
“ua i A I
E | / \\
3 | ™
1)
T 40r
o
(]
- |
20 -
O { ! I !
0 4 8 12 16 20

Fry Production (X1,000,000)
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total return based on model (a) and fry production for
Pitt Lake sockeye salmon.






Circuli Count

pL)

18

H3

14

- 67 -

——  Fitted

» fictual

8 4 8 ¥4 16 %
Fry Production (X1,000,000)
Fig. Relationship between total freshwater circuli count and

fry production for brood years 1960-1983 for Pitt Lake
sockeye salmon.






- 69 -

‘soyeT Tausend pue ‘3314

‘uostaxeq ‘sn3(nd ‘I8seld WOIF uOuUTES akaxoos ertusan(

xo03 diysuorjelal

(B)

jybtem botr -  {(ww)

yabusy1 bHo1 -8

{6) LH9I3IM 907

7

-bTa

B6°0 = 2YVNDS H (MB0T) YRE 0438877 =807

BOSE = N

HIVT T1ENSIN0 -

ZHE = W

(6°0 = SHYNDS B (MB07) GOE"0+EES Y

vl Lild — —
£6°0 = 3UVNDS Y (MB07) SOET0+088°Y

80 » 0 UV NOSTHHVH -
L6°0 = 3IWVNDS W (1807 628 (4EB87 Y
P5L = M YT SNLNI ------
86°0 = JWYNDS B (M907) BIE 0+5ES" S
¥8L = N YT HISYHS — -

\\\' \
U

=907 |

1
|
_
gg@@gw
|

=1907 |

#

sJ@@JM

'

W

! i

Lou T e I o S o i o

|
@~ O W M N e o O D

Mﬂﬁwﬂv@?@ﬂﬂ

G;CU QU oV IR QY

(@8] HL9W3T 9071






- 71 -

‘gIeek 991Uyl °Yl I0J Syusweansesu psjood woIF
yauow Aq yzbusi-jaoz =beasar syl sT BUTT PTIOS 0861
pue ‘6.6T ‘8L6T UT 2peU SjuUswaInsesw U0 paseq UOWTeS
skeynos oyeT 33Td Jo {(ww) yjzbusi-xI0JF UT soburyn TrUOSE®S ‘6 °DbTJ

31va 371dNVS

530 AON 120 d3S 90V 1INt NAr AVA ddvY HVIN 834 NVP

| i i I I f ] f ] [

-

I

mES

(W) HLIONIT

0

0¢

Oy

09

08

00l






- 73 -

‘uTSRq JISATY I8sSeld

38Ul UT sSYO03s uocwes 8Asxo0s I8YI0 IANOI pur el 33314
uesmleq yzuow Agq (wmm) yzbusi-xrol uesw Jo uostaedwod ¥ 01

eniaInNg --- illid —o

HLNOW I1dNVS
03¢ AON 100 438 BNV NS NNAF AV HdY UYRN 834 NY

e
T 7 1 H H T T T T o

408

410F

408

MNOSIHEYH -~ Lild —o

HLINOW 31dWYS
030 AON (00 438 oAV INC NNP AYH HdY HYN €34 NvP

T T T T T T T H T 0

402

{o¥

409

408

o108

e LJWEOT

gL HLWEO-TI

TENSIND --- Lild —

HAINCKH ITIdNYS
032G ACH LDO d3% BaY IOL HNNC AYWN dWdY

bta

HYWN €32 NYP
T T (4]

T T 7 i ¥ T ¥ T

102

0¥

108

108

dWASOHE --- liid —

HINOW 3dWYS
003G ACH 120 438 0NV TN NNP AV HdY

ool

HYH 834 NY

i 1 T ¥ 1 T T T

r
T T 0
-4 0¢
0¥
408

108

[P I ¢ 1 §

<> W SJWZOFX

L LW Z G







- 75 -

‘0861

-8/6T WOIF @¥eT 33Td ur uowtes sieyoos a1tusanl jo (%)
a3ex yjmoib snosuejuelsul A[Tep sylz ut sa2bueys feuosess °I1 ‘b4

AON 120 d3S onv nr

NOr AV

(%) 31vd HLMOHUD







- 77 -

ur 2ae saul(osl ' "6861
ay3 03 peay syl woaj 3INJO

1I_BINO

*STeAIBIUT D, 1

‘61 AInr uo ayeT I3Td JO 2BIINC

ni3s ainjeiadusl UT UOT3BTIRA

"zl

-b1d







- 79 -

*STRAIDIUT D,
uT o1 SoUTTOSI 6861 'GZ I2QO3ID0 UO BT 3314 3O 3IBTINO
2yl 03 peay 9yl wolj JINJONIRIS aanjeaadwsl ul uoijleraep "€l

1I91INO







- 81 -

1811INO
T

‘sTeAxajul ,uo.sy [ 23e paoeds aie saul(os
- ¥ ) H
6861 ‘61 Arng uo axel I3Td Ut A3TAT3ONPUOD UT mwm%m:u

O =
) =

‘vi bta

pesH
o0t







- 83 -

‘6861 ‘Gz I®

191INO

‘

-stealajur  wo.s T je paoeds aie saul{osI]
qo320 uo @)eT 33Td Ut A3TATIONPUOD Ut sabuey)d

W) =

r

‘g1 *btd







-85 -

-uoTjeajuasuod [1Aydororyd jJo I03eDTPUT I[qeTI3l
A{reasusbh e ST yoTym ‘s3tun  3douadsaIonyy 2ATIR[DX
ur oae ejeq °6861 ‘61 Ainpe uo (4AI) @ousdsaionyj oara ur -9t ‘b1d

1IN0 | peaH

/







- 87 -

1IN0

ejeq

-S3TUN 3DUIDSIIONTJ DSATIe[aX ul 23
‘6861 ‘Gz 13¢0O3D0 U0 8YeT 3T UT JAT UT uoTIRTIEA

Ll

"bra







-89 -

- (6861) DPID1IFIOYS puR IBUNOO0IS WOIJ
ale ejep aye[ [e3lseocd pue Apnis sSTyj woxj 3ie ejep 3}e]
3314 -sojey [e3Seod erqunyod Ysi3tig jo Iaqunu e uy pue
aye1 3314 utr drysuoijeiax snioydsoyd tejol-trAydorofyd °81 °"BId

Apu_.m:v snioydsoud {elot

SoMe| |RISBOD Pazijijdjun e 9]
Sa)e] |BISe0d pazinie4o a 0 1 H.W
e id 0 3
O
F
<
=
©
™,
(19=u '€90=5! 100>d) oL

€10-d1601E01 =1uD b0







- 9] -

-uMmoys osTe aie ejep
686T -9Xel @y3l UT SUOT3ED0T OM]} WOIF PIIOITI00 sIney
12U UTSUODSTM JO sobelaae aie ejeq "0861 UT bue 8L61 ut
axeT 33Td ur sjubrem Aap uoljuerdooz ut sebueyo [euoseas

ajeq

Jaqo3jag Jaquaidas 1snbny A1np aunp
1 1 i i ]

‘61 “b1d

00¢c

~ 00t

— 00V

—- 005

M AJp padnseasp

(z- W ebw)







- 93 -

*a)el ay3l Jo sTXe [eurpnitbuol au3l
puole suoTIedo] XTS e pajda[1od saybtam Axp uojzxuerdooz
0661 UPIBW Pue 6861 JI8qo3d0 pue AInL ur s9ousIa3jTa ‘oz "bra

pua 3a1ang uo13els pua peay
9 ) 14 € e !

0667 UJJEN

6861 4340330

sest Ao R

007

00¢

00t

oov

005

SSeWwoty






- 95 -

‘a)eT 33T4d JO 3I2TINC pue ‘STPPTW ‘pesy ayj Ieau pslesof
suoT3e3s 9@9ayl 3e 686T ATnL ul (sjuswasanseauw yjzbusay woxy
poaernores) 3ybram Aap uojzxquetdooz JO UOTIRTIRBA TEDTIABA °1IC “b1a

]
0c
3813N0
01
; - 0
0t
0e %
g T vl
IPPTH %
03 .
2
T 0
]
oc
peaH
S— 0%
3RXXKK
% 0000,0”000 .0,” <)
RS
709670 % 00%676%%6%67%0%:%0%%%%% %% %" 0
0c 91 cl B |4 1] Gy 0

3, aJdnjedJaduaj Am‘e.mé "IM AdQ uopjueidooyz







- 97 -

S tayel 43td
jo 38973nN0 pue ‘sTppiu ‘pesy aYj IedU pPI3RDIOT SUOTIE]S
29Iyl 2e 6861 J940300 UT (sjusuwsanseau yzbust woag
pejelnoreo) jybism Aap uojyuerdooz Jo uoTjleTIRA TROTIIBA T 614

1813ing
0c
3TPPTK
ot
e@
0t
peaH
S — _ — - 0
02 g% 21 B p 0E . 5 0
9 ,3dniedadual (c.w-Bw) ~3M AJg uopjuerdooz

(w)






- 99 -

-o3eT 33Td JO 3I2T[3INO pue

suoT3e3s 29IYl 3ie

pajeInoieo) juybtem Aap uojyuerdooz

‘sippTu ‘pesay syl Iesu palzedof

066T YoIeW UT (sjusuainsesauw yibusy woiy

JO uoTjeTIeA TEDTIISA “eZZ "DbTd

— 0E

— 02
33713IN0

_ 07

— -0
aTPPIN
peaH

g1

g

L ANRES St Sauate MM SUENE SUNEE RERAS

el 8
) omL:umLmasm»

14 0 0t
(e

Gt
w-bw) “IM Adg uo3lueidooz

yidag

(W)






*686T UT 38U UTSUODSTM
e ylItm pea3da[loo seTdwes woXJ dIe ejRe(g syabua
pue s3junoo uojxjuerdooz puisn pejernoled siybrem Aap
snsioa s3jybiom Aap uojxuerdooz paanseau JO UOTIBIAIIOD "L ‘b1g

ﬁmle.maw IMm AJp pajelnaied
009 11114 00¢ 0
i i i I i i 0

— 007
=
(¢e]
0
— 002 p
=
D
(-
i — O0E A
pa -3
i e
L oov &
= @
— 00G e
(21=U 'G5 0=dJ ‘10 0>d) y
N
86" /2+3IM AJp paleInaTedy0 1=3M AJp P3IJNSEAW I gqg -

&
— 00/







*@)e[ 9yl Ul SUCT3EDOT
OoM3 3B sSTney 39U UTSUODSTM WOIJ S3UN0d Jo sabeisae

ale ejed -0861 pue 8L61 UT TTJ3PUTy °*7T pue sTI3soIrbuor
-g suexsoopeld 9yl jJo A3Tsusp 8yl ur ssbueyo feuosess

ale(
_ﬂmnouuo _Lmasmunmm_ 3snbny i AInp | aunp | Al

wpuM T

- 103 -

—- 067

— 00€E

086F —@—
8.6} ~W---

— 000 "0S

—000 ‘00%

aJuepungy

(z- We#)






-a3e] 2yl ul suoT3edol
oM3 e sSiney 3IdU UTSUODSTM WOIAJ S3JUNO3 JO sobeaaar

@ae ejed 0861 pue gL6T Ut eanyostdg pue sdoroAorIq
spodadoo sy3z 3Jo Ajrsusp 9BYyz ur sabueyos Teuosesas -Gz °b14d
aleq
L.r,_mnouuo _Lmnemunmm | 3snbny | A1np y 8aunp | Aeyl 0
| S E
Dunyosdy — 000 05
=
_ - 000 ‘007
0
~ 000 ‘05
0867 —@— v
BLET----- .
— 000 ‘00%

aauepunqy

(z- We#)







- 107 -

50
59 n = 829

40 -

|
1}
o
N
©

30

20 |

o | B. longirostris

50 -

30 A

20 1

Diacyclops

10

50‘1

40 -

30 Epischura

20 S

% Frequency

50 — n =860

x =315 L. kindtii

30
20
10

1.0 3.0 4.0 5.0 6.0
(mm)

Fig. 26. Length-frequency distribution of major copepods and
cladocerans in Pitt Lake in July 1989. Zooplankton were
collected with a 160-um mesh Wisconsin net.
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Fig. 27a. Length-frequency distribution of major copepods and
cladocerns in Pitt Lake in March 1990. Zooplankton were
collected with a 160-um mesh Wisconsin net.
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samples within Pitt Lake between 1977 and 1982.
Horizontal lines indicate sample dates.
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during 1979. Redrawn from Johnson (1981).
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Horizontal lines indicate sample dates.






-qg ¢ -/+ @ae sieq [ejuozTJIOH
potrasd ay3l I03J paUTquod 3d1e eled
aya 3o uot3aodoad
(e) se possoadxs @

e Sse

~ (eqopQ-sequeideg) Tvd |

08 (074 09 06 O Ot 0c oL O
i
o)
od
i

S —

] !
R S

08 0L 09 0SS Ov

08 (074 09 0s oy
(%)

(1snbny- eunr) HIWWNS )

I SR SRS A

(Rew - udy) ONIHAS

oc 02 Ot o

oc 02 Ot 0

(a)

05
o
o€
0z

ol

0s

o€

0

ov
ot
oc

ot

pue

(W) HL1d3a (W) H1d3a

(W) H1d3a

yoen jO uoipodoid (g

*Z86T - LL6T

-yzdep yoes 3e yojed

3I10339-3Tun-a1ad-yojzed
Kaxoos 0-9be jo uoTiINqTIAISTP 1eotT3aaA

‘ge b1
2 " [
\ oo U
7
o€
\ -
T T T SssTT T 02 I
4o 3
(seqoyo0 - 1equisides) 1IV4
-- Y s Bl b S 0
oz 54 o S0 0
e - — -y 0§
- ob O
mm
- 0
. —
P oz L
v T T sem T lfﬂfh/sys/‘»,.rw,\ i P
TR, [ ot MW
. Gebny-eunp)u3wwWNs |
S € 2 1 0
. [ - . ——— - e e . om
—_ R S Y
/,,/,/ m
- >=—pr o O
e —
et e+ e PO IH/M‘!I‘t e i ~ ON H
. /,,/‘...fl.uf.».) . —
c 4 o 3
(Aew - udy) DNIHJAS o
- T Y T N T I e A A T A .
s2 o2 G oL S 0

(NI / HS14) 3NdD

yoya-nun-iad-yole) (v







Fig.

FISH/m?2 SURFACE AREA

SOCKEYE ESTIMATE x10°

10 T T T T T T T

0.8

0.6

04

0.2

34.

I N SRV S

A) Weighted mean population density

% 95 % Confidence interval of estimate

—O0— Mean density

1

}Iﬁ\q ]

o) -

| 1 i 1 1 I 1

APR  MAY JUN JuL AUG SEP  OCT NOV

B) Juvenile sockeye abundance estimates

1 ! ] i L i T

| i i | I : 1 i

APR  MAY JUN JUuL  AUG SEP OCT NOV

Estimates of a) fish density (all species), and Db)
juvenile sockeye abundance within Pitt Lake during 1979.
Redrawn from Johnson (1981).
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Fig. 35. Weighted mean location of juvenile sockeye within Pitt
Lake as determined by hydroacoustics and trawling within
pitt Lake during 1979. Redrawn from Johnson (1981).
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Fig. 36. Diel variation in fish depth distribution in the vicinity
of transect 3 on Apr.13-14, 1978. Redrawn from Johnson
(1981) .






- 131 -

STICKLEBACK

CPUE

H
|
!
i
1

AREA 3 AREA 3|

JULY 1989 NOVEMBER 1989 JULY 1989 NOVEMBER 1989
JULY 1989 NOVEMBER 1989
Fig. 37. Relative distribution of fish in Pitt Lake during July

and November 1989 as measured by trawl CPUE in each area

of the lake.
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Fig. 42. Frequency distribution of target strengths for different
transects in July and November, 1989.
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Fig. 50. Average number of each zooplankton type per stomach by
month for Pitt Lake sockeye and smelt in 1978.
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Fraser River lakes surveyed by the IPSFC.





