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1. Executive Summary
The development of a hanging lakes sockeye outplanting program in BC has the
potential to produce aggregate run sizes of several hundred thousand fish from
numerous lake systems throughout BC’s North and Central Coast. Levy (2005)
estimated that two of the lakes in this specific outplanting program (i.e.,
Batchellor and Red Bluff) could produce up to 40,000 adults. The terminal
fisheries supported by these runs would contribute substantial social and
economic benefits to all sectors; First Nations, recreational and commercial.
The development of commercially viable hanging lake runs may contribute to the
conservation of wild salmon stocks. In contrast to other enhanced sockeye
systems that contribute to mixed-stock fisheries, the isolated nature of these
hanging systems suggests that avoidance of other stocks can be readily attained
through implementation of terminal fisheries targeting fish returning to the
respective hanging lakes. Targeting isolated enhanced fish in a commercial
fishery avoids the potentially severe and long-term ecological impacts associated
with overfishing wild stocks. Fisheries targeting hanging lake returns could be
managed to absorb a portion of the fishing pressure that would otherwise be
directed to wild and often mixed, stocks. This would give fisheries managers the
flexibility to implement closures in Skeena River fisheries when weaker stocks
are migrating through fishing-grounds.
The alternatives to such a program include spawning enhancement in existing
spawning areas closing all sockeye fisheries in the area to allow sockeye
populations to increase. The option to proceed with no outplanting program
entails continuing a controlled commercial, aboriginal and recreational fishery.
The choice to implement this outplanting program project was inspired by Levy
(2005), who suggested that long-term increases in population are possible with
minimal negative impacts on indigenous populations and minimal/ moderate
economic investment.
Initiated in 2005, the iterative Hanging Lakes Sockeye Outplanting program has
worked towards identifying the potential of recognized lakes on the north coast. To
date the program has included the completion of a general feasibility study of
sockeye outplanting into Northern BC hanging lakes (Levy 2005), the biological
evaluation of three high priority hanging lakes (i.e., Batchellor, Red Bluff and Whalen
lakes; Shortreed and Hume 2007, Plate 2008), the harvest of donor stock and the
rearing of juvenile sockeye and the release of sockeye fry into one of the hanging
lakes (Batchellor Lake).
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2. Introduction
With the completion of baseline productivity studies initiated in 2006, Batchellor
Lake was chosen as a recipient lake for transplanted sockeye fry. Curtis Lake
was selected as the donor lake due to its close proximity to Batchellor Lake and
due to its low numbers when tested for both Bacterial Kidney Disease (BKD) and
Infectious Hematopoietic Necrosis (IHN). In the fall of 2008, 300,000 sockeye
eggs from 120 females and sperm from 120 males and were collected from
Curtis Lake and transported to the Snootli Hatchery in Bella Coola. At the time of
harvest, testing was completed on all broodstock to eliminate any fish that tested
positive for BKD and IHN. Of the approximately 300,000 eggs that were
harvested, approximately 225,000 juveniles where produced.
The decision to release the sockeye fry into Batchellor Lake despite the fact that it
showed the lowest potential productivity of the assessed lakes was partially a
function of the provincial agencies on the transplant committee. Provincial agencies
on the transplant permitting committee informed us that they were most concerned
with competitive interactions between outplanted sockeye and kokanee and would
complete more critical reviews of applications to transplant sockeye into kokanee
lakes (such as Red Bluff and Whalen). Since kokanee are not present in Batchellor
Lake, we expected that the acquisition of a transplant permit to outplant to this lake
would be easier. Estimated range of smolt production and adult returns from a fry
outplanting into Batchellor Lake are 100,000 to 150,000 and 5000 to 7500,
respectively, and are based on photosynthetic-rate modeling (Shortreed and Hume
2007).
In the spring of 2009, the 225,000 surviving sockeye fry were transported and
released into Batchellor Lake and subsequent monitoring was completed throughout
the summer and fall of 2009 and the spring of 2010.

3. Summary
A number of monitoring studies were completed throughout 2009 to collect baseline
information and monitor possible changes due to the introduction of sockeye salmon
in the lake system. Sampling was conducted to determine physical parameters and
zooplankton population structure and a fish census was conducted to determine both
resident and introduced sockeye size and diet and the food available to them.
While zooplankton samples from spring of 2009 differed in density, size and
composition from spring of 2007, their number and composition settled out in the
summer and fall to reveal comparative numbers to that of 2007. Based on these
comparisons, there is little evidence to indicate a dramatic change in zooplankton
populations over the three years of sampling.
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The introduction of sockeye salmon does not appear to have caused any
detrimental effects to the overall productivity of the lake. The overall biomass
grew in a dramatic fashion from the spring to the summer, after the introduction
of the sockeye. In the fall of 2009, the biomass numbers returned to a level
similar to that of the fall of 2007. The increase in overall biomass was due to the
great increase in Daphina and Diaptomus numbers, which are also the preferred
prey of juvenile salmon. Daphnia were larger in 2009 than in 2006 and while
their length dropped in the summer, likely a function of greater interspecies
competition, their size rebounded in the fall. Although there was no great
increase in fish matter found in stomach contents of cutthroat trout and Dolly
Varden when compared to 2007 numbers, it is possible that fish preying on
juvenile salmon where less frequently encountered in the nets due to their lack of
need to travel in search of prey. This appears to be partially supported by the
hydroacoustic sampling of 2009, which shows a concentration of smaller fish in
deeper water with a population of larger fish above the smaller one.
Hydroacoustic sampling also indicated a considerable increase in population
from 2006 to 2009. Despite a reduced catch effort in 2009, it is apparent that fish
length and weight remains distributed similarly to that of 2007 and are in the
range of the average for sampling in 2006.
Despite the low productivity and the low pH of Batchellor Lake, the juvenile
sockeye that were encountered in the outflowing creek were healthy fish that fell
into comparable size parameters of other salmon bearing systems in Alaska, and
were in fact larger than the same aged juveniles from large systems within British
Columbia. While stomach fullness of cutthroat trout and Dolly Varden was lower
in 2009 than 2007, it is not likely that this is due to competition with the
introduced juvenile salmon. Stomach content of captured fish in 2007 and 2009 is
primarily comprised of insect parts and both years show the same general range
of species composition. While we are still awaiting the results of the stomach
content analysis of sockeye caught this spring, it is expected that the results will
show a diet comprised of zooplankton species.

4. Methodology
4.1.

Limnology

All surveys attempted to use the same sampling methods used by Shortread and
Hume (2007) and Plate (2008) in order to create comparative data.
Partial limnoloical surveys were carried out on three occasions (May, August and
November) in 2009. On each sampling date, we accessed the lake via float
equipped Beaver aircraft and sampled at a minimum one site in the middle of the
lake per visit. When possible, samples were taken at three locations on the lake,
south, center and north. On each sampling date we used a YSI model 30 meter
to obtain temperature and conductivity readings from the surface to a depth of 15
3
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meters. Thermocline temperatures were estimated by a visual inspection of
plotted temperature and depth data. We also attempted to use a modified
Vitalsine Model number VS99 to measure pH however, it became clear over time
that this equipment was faulty so data was recorded, but not used in analysis.
Replicate zooplankton samples were collected at every station with a 160-µm
mesh Wisconsin net (mouth area = 0.05 m2) hauled vertically from 30 m to the
surface. To ensure that all organisms were flushed from the net consistently, the
plankton net was lowered slowly into the lake as deep as possible without
allowing more water to enter the net. This process was followed by a rapid
upwards motion and repeated three times. While this procedure washed most
organisms into the collection container it was followed by three rinses with a
water bottle and the opening of the collection container valve to release its
contents into the storage bottle. The last remaining organisms were then rinsed
out of the lower edges of the collection container by another water bottle rinse.
Zooplankton samples were rinsed into 125-mL plastic bottles and preserved in a
75% Ethyl Alcohol (Ethanol) solution. Zooplankton samples were analyzed for
species composition and size distribution under the direction of Carol Cooper
(Pacific Biological Station Nanaimo).

4.2.

Fish Census

Surveys of the fish communities of Batchellor Lake were carried out at four
periods in 2009. Limnetic fish were enumerated and sampled using
hydroacoustics and midwater trawling October 21-22. Littoral fish species were
sampled with gillnets and minnow traps from May 31- June 2, August 3- 5 and
November 6-7.
The 2009 Batchellor Lake hydroacoustic survey was conducted by Charmaine
Carr-Harris (Skeena Fish Commission) using the 2006 survey design (Shortreed
and Hume 2007). Transects were sampled using a Biosonics DT-X echosounder
with a 199 kHz split-beam transducer producing a 6.6 degree beam. The
downward-pointing transducer was pole-mounted to an inflatable vessel, a
Bombard Commando C-4. Hydroacoustic data was collected using Biosonics
Visual Acquisition software to an acoustic threshold of -75 dB and a depth
threshold of 80 m. We followed advice from Steve Maclellan, who had analyzed
the 2006 survey, to proceed at dead-slow speed with a relatively high ping rate
(10-12 pings/second).
The hydroacoustic system was calibrated by suspending a standard tungsten
carbide sphere (36 mm diameter) in the acoustic beam. The observed target
strength was compared to the predicted target strength at that temperature for
the standard target. The difference between the observed and predicted target
strength produced a calibration offset, which would be applied prior to postprocessing of the data. We observed no significant difference between the
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expected and observed target strength, therefore no calibration offset was
applied.
Post-processing of the hydroacoustic data was performed using Echoview v.
4.60. Data was analyzed to a threshold of –63 dB using the same methodology
as in previous years (Hall & Carr-Harris 2008, Hall 2007). Each transect was
analyzed separately in 2m depth layers.
Target densities were calculated using two different methods. The single target
method divides the sum of those targets that have specific acoustic
characteristics of single fish by the sampled beam volume. The tracked target
estimate is produced by grouping single targets into individual fish tracks, and
dividing the total number of fish tracks by the sampled wedge volume.
The target densities calculated for each transect layer are multiplied by the layer
volume of the lake area represented by that transect to produce a transect layer
population estimate. Transect estimates are produced from the sum of layer
population estimates. Transect densities are averaged and multiplied by the
whole surface area of the lake to produce the total fish estimate for the entire
lake or lake section.
Confidence intervals for fish densities and population estimates are determined
by using each transect as a separate sample. The variability between transects
within a lake or lake basin determines the error estimate around the average
density or population estimate.
The fish estimates were divided into “small” fish and “large” fish based on the
distribution of target strengths from each transect and each layer. "Small" fish
were classified as fish with target strengths between –64 and –46 dB. This target
strength is approximately equivalent to salmoniform fish <135 mm, based on
Love’s (1977) 45o aspect formula. Small fish were apportioned into “O. nerka”
and “other small fish” based on the relative proportion of species in the trawl
catch.
We sampled fish using small mesh Swedish style gillnets, large mesh
gillnets and minnow traps. The Swedish gillnets were made with a nylon
monofilament thread and were 1.5-m deep by 16-m long. They consisted of four
4-m long panels with stretched mesh sizes of 11, 16, 20, and 25 mm. The large
mesh (RIC) gillnets were based on Province of B.C. Resources Information
Standards Committee standards and were 2.0-m deep by 52.5-m long
(http://ilmbwww.gov.bc.ca/risc/). They consisted of the standard seven 7.5-m
panels with stretched mesh sizes of 25, 38, 64, 51, 76, and 89 mm and an
additional 20-mm mesh panel. The gillnets were set in deep water, but near
shore, for ease of deployment and retrieval. The Gee minnow traps had a mesh
size of 6 mm and had 2-cm mouth openings.
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Collected fish were used to determine species composition, size, weight and diet
analysis. Samples were preserved in 75% ethanol. Diet analysis included an
estimate of fullness, identification and counts to genus or species, and, if
possible, length measurements. Biomass by taxa was determined in a similar
fashion to that for zooplankton.

5. Results and Discussion
5.1.

Limnology

Thermal stratification had begun by May of 2009 and had an average epilimnion
depth of 1.0 m. By August 4th, the lake was stably stratified and had an average
epilimnion depth of 7.0m. In November of 2009, the lake had lost its stratification
and was well mixed (Figure 1). The August 2009 values are similar to the
average of 5.9m reported for 16 north coast lakes (Shortread et al. 2007).
Additionally, the summer epilimnion depth was similar to the depth recorded by
Shortread and Hume in 2006 (7.7m) and Plate in 2007 (6.5m) (Figure 2.)
Figure 1. Seasonal Temperature Profiles for Batchellor Lake, 2009.
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Figure 2. Summer temperature profiles for Batchellor Lake during three different sample
years.
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Zooplankton

To determine average numbers for zooplankton during each season of sampling,
Chaoborus larva were removed from the samples. Also, to make comparative
analysis’, data was explored in two ways. First, to complete comparative analysis
for 2007 data, all species, excluding Chaoborus, were included in the seasonal
averages. To complete comparative analysis of 2006 data, specific species,
Daphnia sp. and Bosmina longirostris, were averaged within the seasons.
In 2009, zooplankton numbers predictably increased in the spring and decreased
in the fall however, they did so in more dramatic fashion than in 2007. During
measurements in the spring, the zooplankton biomass was recorded at
12.17µg/m3. In August, that number rose to 39.43µg/m3 and in November, it
dropped to 2.17µg/m3 (Figure 3). While the biomass was much lower in May of
2009 than in May of 2007, by mid- summer the number had not only increased
but exceeded the biomass average of 2007. In the fall of 2009 the numbers had
decreased to a comparable number to 2007 however, they went through a
greater decrease to reach that number. Low numbers in the spring of 2009 are
likely attributed to environmental conditions rather than sockeye fry influence due
to the fact that the spring samples were taken before the fry were released into
the lake. It is uncertain whether the decrease in the fall of 2009 was due to the
introduced salmon, but as the level reached a similar level to that of 2007, it
would seem that the decrease is more a function of environmental conditions and
lake productivity than of the introduced species.
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Figure 3. Total zooplankton biomass in Batchellor Lake in 2007 and 2009
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Comparative analysis could not be conducted for the Shortread and Hume 2006
data due to a conflict in sampling processes. Their sampling process used a
dried weight/ m2 measurement compared to the 2007 and 2009 wet
measurement of µg/m3 however, the same general seasonal trend of increase in
the summer and decrease in the fall can be observed in their results (Figure 6).
In 2006 the changes in mean length and weight seasonally was based on the
changes in Daphinia sp. and Bosmina longirostris over time. During that year,
Daphnia Sp. grew from a mean length of 0.76mm in spring to a length of 0.98mm
in fall. Bosmina mean length started at 0.44mm in the spring and dropped only
slightly to 0.43mm in the fall (Figure 4a ). In 2009, Daphnia mean length began
higher in the spring of 2009 than in the spring of 2006 with a mean length of
1.13mm and dropped in the summer to 0.97mm before recovering to 1.22mm.
This fall mean length was considerably higher than the final 2006 fall mean.
Bosmina longirostris mean length decreased consistently through 2009 from a
mean of 0.53mm in the spring to 0.43mm in the fall (Figure 4b). Although the
2009 downward trend was similar to that of 2006, the mean length was higher but
finished at the same mean length as that reached 2006 (0.43mm).
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Figure 4. Mean lengths of Daphnia and Bosmina in Batchellor Lake in 2006 and 2009
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In 2007, mean length was taken as an average of all individuals excluding
Chaoborus larva. During 2007, the mean length was high in spring, dropped in
summer and rebounded slightly in the fall. In 2009, the mean length increased in
May from 0.494mm to 0.732mm in August and decreased only slightly in
November to 0.711mm (Figure 5a). In 2007 the mean weight followed the same
trend as the mean length, decreasing in the summer in rebounding slightly in the
9
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fall. In 2009 the mean weight grew consistently from spring to summer and then
dipped back down in fall. The mean weight of individuals was 0.017µg in May,
0.046µg in August and 0.036µg in November (Figure 5b). The outcome of these
measurements is an inverse growth curve for both mean length and mean weight
between 2007 and 2009. While spring means are considerably different between
the years, there is less disparity between the summer means and even less so
again for the fall. Like the biomass averages for 2009, there appears to be
restricted zooplankton numbers in the spring, not only in terms of total individuals
but also in larger individuals.
Figure 5. Mean length and weight of combined zooplankton species in Batchellor Lake for
2007 and 2009.
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In 2006, zooplankton species composition was displayed as a stacked area chart
with biomass being recorded as mg dry wt/m2 (Figure 6). It clearly shows
Daphnia as the major contributor to overall biomass while Diaptomus are
secondary contributors. Bosmina and Holopedium populations are also present
but represent minor contributions to the overall total. In 2009, Daphnia
represented the major contributor for spring and fall but in the summer, Bosmina
had a slightly higher biomass than Daphnia. Diaptomus weight only contributed a
small amount to the total weight. While both years show a sharp increase in
overall biomass from spring to summer and then a sharp decrease in the fall, in
2009 the peak is achieved much earlier. Despite the difference in peak biomass,
if 2006 numbers are extrapolated, both Daphnia and Bosmina levels appear to be
similar to those that were found in 2009 for the fall of the year.
Figure 6. Stacked area charts of zooplankton biomass in Batchellor Lake for 2006 and
2009.
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In 2007, species composition was determined by calculating the average
biomass weight of specific species across all samples from one sampling trip
(May, August, and November). In May of 2007, total biomass was primarily
comprised of copepods (Calanoid, Nauplii and Cyclopoid) (Figure 7). This
composition was unusual when compared to spring sampling in both 2006 and
2009 however, by the end of July, species representation by weight became
more comparable. In the fall of 2007, overall biomass and species composition
was comparable to that of the fall of 2009. In 2009, species composition was
primarily made up of Diaptomus and Daphnia. While Diaptomus contributed the
most weight in spring and fall, Daphnia weight spiked in the summer to a level
slightly higher than Diaptomus and twice that of the level in 2007. This
composition and change during seasonal progression was also similar to that
found during the 2006 sampling year. As Daphnia spec. is the commonly
preferred food source of Kokanee and juvenile Sockeye (Narver 1970, Goodlad
et al. 1974, Morton and Williams 1990, Hume et al. 1996), it is entirely possible
that the steep decline in mass in the fall is at least partially a function of grazing
by the introduced sockeye. The dramatic increase of Daphnia in the summer, as
seen in all years of sampling, seems to be one of the primary contributors to the
steep increase in total biomass and could be a key in providing critical food
masses seasonally for introduced sockeye.
Figure 7. Batchellor Lake zooplankton species composition for 2007 and 2009.
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The results of the 2009 sample season do not indicate a dramatic change in
zooplankton parameters. While total mean weight and length at the end of the
2009 sampling season were slightly below the 2007 level, Daphnia Sp. mean
length was higher than previous year’s levels and Bosmina levels were the same.
In 2009, species composition was similar to past season sampling. Interestingly,
despite the introduction of sockeye fry in the spring, the Daphnia level increased
dramatically through-out the spring. The only possible indication of impact from
the sockeye fry was a dramatic decrease in Daphnia levels from summer to fall.
However, based on these initial numbers, there is no solid evidence found to
indicate any critical impairment to current zooplankton numbers due to the
introduction of sockeye salmon fry.

5.3.

Fish Census: Resident Species

In 2009, fish census of Batchellor Lake consisted of hydroacoustic sampling, midwater trawls, gill-netting and minnow trapping.
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The 2009 hydroacoustic survey and mid-water trawl was conducted in late
October and followed the methodologies of Shortread and Hume in 2006. The
2006 hydroacoustic survey produced a TS frequency distribution pattern typical
of that observed in kokanee rearing lakes (Shortread and Hume 2007) but no fish
were caught in the midwater trawl. In 2006, hydroacoustic surveys indicated low
densities of both age-0 sized fish (142/ha) and of larger fish (33/ha, Table 1). As
with the 2006 trawl, no fish were caught during the 2009 trawl. Also similar to the
2006 survey, the 2009 hydroacoustic survey produced a distribution pattern
typical to that observed in kokanee rearing lakes. During this survey, densities for
both age-0 sized and larger fish had increased considerably to 280/ha and 90/ha
respectively.

Table 1. Results of hydroacoustic surveying of Batchellor Lake in 2006 and 2009.
Batchellor Lake July 2006
Density
Population
95%
Method
Size class
n/ha C.I.
n
95% C.I.
All fish
175 102
100,954 58,311
"Small" fish 142 74
81,775
42,370
Tracked Target
"Large" fish 33
28
19,179
15,941
Batchellor Lake October 2009

Method

Tracked Target

Size class
All fish
"Small" fish
"Large" fish

Density
95%
n/ha C.I.
370 179
280 146
90
52

Population
n
212,548
160,731
51,818

95% C.I.
102,849
83,735
29,864

While it is reasonable to assume that the distribution pattern in 2009 is caused by
the introduction of the juvenile sockeye, which indicates an increase in density by
a factor of two for small fish, the 2006 distribution pattern is more of a mystery.
One possibility that Shortread and Hume proposed is that the detected mass in
the limnetic zone, that are typically comprised of kokanee, may be juvenile
cutthroat trout. As the majority of fish captured in the lake were cutthroat trout, it
is possible that they have established a midwater population in Batchellor Lake
and, at least some age classes may be feeding on zooplankton and Chaoborus.
Hume and Northcote (1985) found that in the sympatric presence of Dolly Varden
char, cutthroat trout occupied the upper water column and fed primarily on
zooplankton (and Chaoborus if present).
In 2009, the density of small fish increased by a factor of two while the density of
large fish increased by a factor of three. The total estimated population in 2009
was twice that of 2006. Given the limited productivity in Batchellor Lake it is
unlikely that a natural phenomenon has led to a growth increase in larger fish.
14
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There are a few possible factors for this increase in large fish density and
population. The first factor involves the seasonal timing of the hydroacoustic
sampling. In 2006, sampling took place in July, when age classes are likely most
differentiated by size. In 2009, sampling was conducted in November, after the
peak feeding and growth period and also during the time of seasonal weakening
in the thermocline and increased mixing in the water column. Due to this sample
timing, it is possible that fish that would have been identified as “small” fish in the
summer, may have increased mass and length enough to bump them into the
large fish category. Additionally, the increased mixing of the water column may
have meant that larger fish ranged farther and deeper in search of food. This was
noted during net sampling in both 2007 and 2009 which saw an increase in catch
per unit effort (CPUE) in the fall. Another possible explanation for the increased
density of large fish is that resident fish began migrating in search of the newly
introduced prey species and were therefore more identifiable in the water
column. This might be partially confirmed by the presence of two distinct, size
specific layers on the 2009 transect echograms that are absent from the 2006
echograms (Appendix 1.)
Fish collection was completed to determine species composition and to collect
physical data from individual fish. In 2009, gillnetting and minnow trapping were
completed using the same methodologies as those employed by Shortread and
Hume in 2006 and Plate in 2007 however; effort was reduced to avoid
unnecessary overharvesting. While 2006 sampling was only completed in the
summer, sampling in 2007 and 2009 was completed during three seasonal
periods to investigate possible growth rates and to determine changes in diet
seasonally. Table 2 outlines the catch rates of both gillnets and minnow traps.
A review of CPUE reveals a relatively consistent rate from year to year. Between
the two trapping styles, there is little evidence to support a great increase or
decrease in CPUE. With the exception of the fall of 2007, gillnetting in all years
was more successful at catching Cutthroat Trout while minnow trapping was
generally more successful at catching Dolly Varden. The reason for that may be
that despite the presence of the multisized panels on the RIC net, it still tended to
catch primarily larger fish. Additionally, due to the size selection of minnow
trapping, primarily smaller fish where caught in them. While the entrance size of
the minnow traps was size selective, the placement of both minnow traps and
gillnets also selected for certain sized fish. As minnow traps either rest on the
bottom or are tied to an overhanging object, they are generally set in shallow
water, often with submerged or emergent woody debris present. As this area is
also prime habitat for juvenile fish, it makes sense that these are the individuals
that would be caught. The gillnets were set deeper, often at the transition of the
littoral and the profundal zones. This area is more likely to have larger fish
moving back and forth between the two areas.
The one anomaly that appears is in the fall of 2007. The Dolly Varden catch for
that time was dramatically higher than in any other year or season. Plate (2008)
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proposed that a possible cause for this increase in catch was due to the
increased columnar mixing as a result of reduced thermal stratification. His
rational was that Dolly Varden activity and movement was increased in order to
secure final energy reserves before winter. Due to the consistency of the CPUE
numbers from minnow traps from 2007 to 2009, which selected for smaller fish,
which are more prone to predation, it is unlikely that Dolly Varden numbers would
have dropped due to the introduction of sockeye. Instead, it may mean that
rather than move into the littoral zone to search for food as they did in 2007, they
remained in the limnetic and profundal zones where they had better access to the
introduced sockeye, which energetically are a better food source.
Table 2. Batchellor Lake Catch Per Unit Effort (CPUE) in 2006, 2007 and 2009
RIC Net

2006
Cutthroat Trout
Dolly Varden
2007
Cutthroat Trout
Dolly Varden
2009
Cutthroat Trout
Dolly Varden
Minnow Trap

Spring Catch
Effort Catch CPUE
(Hr)
(N)
(N/Hr)

Effort
(Hr)

Summer
Catch CPUE
(N)
(N/Hr)

34
34

56
3

1.6
0.1

Effort
(Hr)

Fall
Catch
(N)

CPUE
(N/Hr)

110.4
110.4

14
6

0.1
0.1

5.3
5.3

21
UN

4.00
n/a

32.0
32.0

24
67

0.8
2.1

15.5
15.5

17
3

1.1
0.2

6.0
4.0

26
8

4.3
2.0

42.3
42.3

20
2

0.5
0.0

Effort
(Hr)

Fall
Catch
(N)

CPUE
(N/Hr)

308.0
308.0

9.0
50.0

0.0
0.2

131.0
131.0

9.0
27.0

0.1
0.2

Spring Catch
Effort Catch CPUE
(Hr)
(N)
(N/Hr)

Effort
(Hr)

Summer
Catch CPUE
(N)
(N/Hr)

2006
Cutthroat Trout
Dolly Varden
2007
Cutthroat Trout
Dolly Varden
2009
Cutthroat Trout
Dolly Varden

117.5
117.5

8.0
9.0

0.1
0.1

81
81

0
5

0
0.1

36.8
36.8

13.0
37.0

0.4
1.0

Fish caught during netting and trapping during the 2009 season were weighed to
the nearest gram and measured for length to the nearest centimetre. Figures 8
and 9 outline the results of these plotted weights and lengths. While the
frequencies of cutthroat trout and Dolly Varden were lower in 2009 than in
2007due to reduced effort, the size and weight distribution was generally the
same for both years and fell in the range of the summer mean of 2006. The
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increased frequencies of smaller Dolly Varden in the summer of 2007 was due to
the specific targeting of age-0 fish in the tributaries of Batchellor Lake. In 2009,
the majority of cutthroat trout and Dolly Varden caught were larger, older fish but
in the fall, there were more age classes represented. There are a number of
possible reasons for this size distribution. The first is that for the 2009 season,
minnow trapping was only employed for the fall. As mentioned earlier, minnow
trapping targets small fish more effectively than gillnetting does, so the
appearance of smaller fish in the fall could be attributed to that. As mentioned
before, Plate (2008) suggests that it is possible that fish movement increases in
the fall with the increase in water mixing due to the weakening of the thermocline
to put on energy reserves for the winter. This could also correlate with Shortread
and Hume’s (2007) prediction that a population of smaller fish utilize the littoral
zone. As the smaller fish begin moving in search of food, they increase their
chances of encountering the nets that are set outside of their preferred habitat.
Figure 8. Length and Weight Frequencies for Cutthroat Trout in 2007 and 2009.
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Figure 9. Length and Weight Frequencies for Dolly Varden in 2007 and 2009.
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Stomach contents of both cutthroat trout and Dolly Varden were analyzed for
both composition and fullness. Content composition was determined by
calculating the average percent of all specific species sampled in one seasonal
sample session. Digested material, which often contributed to a portion of
material to each sample, was not calculated in the total. Figure 10 shows the
stomach content composition for cutthroat trout and Dolly Varden in 2007 and
2009. Two trends are apparent by the species composition for both 2007 and
2009. The first is that insects are clearly the heavily favoured food source for both
cutthroat trout and Dolly Varden in both years during all seasons. The second
trend is that in the fall of both sample years, the species composition has a
greater variation then in the spring or summer. Again, this could be related to the
increase is food consumption in preparation for the winter months.
The introduction of sockeye into the lake does not appear to have any bearing on
the stomach composition of either resident species sampled but it may on
species location in the water column. The percent of fish remains in cutthroat
trout stomachs is greater on the whole in 2009 than in 2007 but seasonally,
remains the same in the spring and summer and only increases slightly in the fall.
In both 2007 and 2009, fish remains were not found in Dolly Varden samples until
the fall of those years. In 2009, despite the introduction of sockeye into the
system, the total percent of fish remains in Dolly Varden stomachs is lower than
that of 2007 while the insect composition percent is higher than in 2007. This
lower number could be attributed to the same process noted earlier wherein
smaller fish may be inclined to stay in the deeper water, away from the areas
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where netting took place in order to remain close to the sockeye population in
deeper water.
Figure 10. Stomach composition for cutthroat trout and Dolly Varden in 2007 and 2009.
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While 2009 stomach content shows a higher representation of insect parts in the
summer and fall and has a greater diversity of species represented, the total
stomach content, when measured as a function of stomach fullness was
generally less than that of 2007. Figure 11 shows the stomach fullness of both
cutthroat trout and Dolly Varden in 2007 and 2009.

Figure 11. Stomach Fullness of Batchellor Lake Cutthroat Trout and Dolly Varden in 2007
and 2009.
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With the exception of the fall of 2009, stomach fullness for both cutthroat trout
and Dolly Varden was considerably lower than in 2007. Stomach fullness never
reached higher than 30% for cutthroat trout and 20% for Dolly Varden. The
dramatic drop in stomach fullness from 2007 to 2009 does not seem to correlate
with biomass production as biomass peaked in the summer and dropped in the
fall and diet was primarily comprised of insects such as Chiromanid and
Chaoborus larva. As previously mentioned by Plate (2008), the increase in the
fall of the year may be related to the increase in food consumption to gain energy
before the winter months. As Plate suggests in 2008, an indicator for low food
abundance, even throughout the summer when food should be abundant, are the
low stomach fullness values shown in both cutthroat trout and Dolly Varden. This
also correlates with the growth/age frequencies that Plate calculated in 2007,
which show slow growth at given ages (Figure 12). Fish growth in Batchellor
Lake is very slow in comparison to more productive lakes in the BC interior but
typical for non-productive systems of low productivity (Scott and Crossman
1973).
Figure 12. Growth curve of Dolly Varden and cutthroat trout in Batchellor Lake (growth
curve is a best fit trend line with Pearson Correlation Coefficient)
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Fish Census: Sockeye Salmon

In the spring of 2009, approximately 225,000 sockeye fry were flown to Batchellor
Lake from the Snootli hatchery in Bella Coola in a number of aerated tubs. Fish
were transferred to two floating net pens located at spaced intervals on the lake
and were allowed to acclimatize for two days before being released. Fry caught
in subsequent sampling trips in RIC nets were treated the same as resident
species and were measured, weighted and preserved for stomach content
sampling. In the spring of 2010, a series of four trips were made to the lake and
outflowing creek in order to catch a sample of the introduced species. RIC nets
were used in the lake and minnow traps and a small mesh gill net was used in
the outflowing river. Nets and traps were soaked for between 20 and 24 hours.
As well, a number of deceased sockeye were observed in the bottom of pools
and eddies in the outflowing creek. When possible, these fish were retrieved and
included in the catch totals and were sampled for length, weight and diet. As
many of the fish were observed in deep pools below higher velocity cascades
and could not be retrieved, only general observations and estimates could be
made. From the four trips, it was estimated that 100- 200 deceased sockeye
where observable in pools and eddies. Figure 13 shows the length and weight
mid-points of the captured and collected sockeye fry in 2010.
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Figure 13. Length and Width Midpoints of Sockeye Salmon caught in Batchellor Lake.
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Based on Burgner (1991), both the length and weight midpoint ranges fall within
those of year one sockeye of western Alaskan systems. In those systems, ranges
varied between 77mm to 125mm for length and 4g to 15g for weight. Despite
being classified a low productivity system, the average length and widths were
higher than those year one fish in the Babine system and in the Fraser system. In
the Fraser system, average lengths ranged from 74mm-90mm and weight ranges
of 4.6g- 7.8g (Eggers, 1978 and Goodlad et al. 1974). In the Babine system, fish
had average lengths of 60mm- 70mm and weight averages of 2.0g- 4.9g (Smith
pers comm. 1991, Ruggles 1966, Hyatt and Stockner 1985)
.
At the time of reporting, stomach sample analysis had not been completed for the
captured sockeye salmon. When those results are released they will be
compared to zooplankton biomass and composition to determine if a relationship
exists.

6. Conclusions
Batchellor Lake is a low productivity, nutrient limited lake. This is reflected by a
number of indicators, including low zooplankton biomass, stomach fullness of fish
species and growth rate of fish species when compared to other northern lakes.
Despite a lag in spring zooplankton production, the summer biomass total
exceeds that of 2007 and drops in the fall to a number similar to the fall of 2007.
The reason for this lag seems to be due to a lag in Diaptomus and Daphnia
production which is indicated by a dramatic increase in Diaptomus and Daphnia
biomass in the summer. While the mean length combined zooplankton species
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was considerably lower in the spring of 2009 than in 2007, the number increases
in the summer to become more comparable to summer and fall lengths. Both
Daphnia and Bosmina average lengths were higher in 2009 than in 2006.
Zooplankton species composition was different between the spring of 2007 and
2009 but, the summer and fall composition is similar. Based on these
comparisons, there is little information to indicate a dramatic change in
zooplankton populations over the three years of sampling.
Hydroacoustic sampling results for 2009 indicated a population size over twice
that of 2006. While an introduction of sockeye salmon would account for some of
that increase, sample results indicate that the population of large fish more than
doubles from 2006 to 2009. While hydroacoustic sampling indicated a
considerable increase in population from 2006 to 2009, the catch rate per unit of
effort remained consistent from 2007 to 2009. Despite a reduced catch effort in
2009, it is apparent that fish length and weight remains distributed similarly to
that of 2007 and are in the range of the average for sampling in 2006.
Stomach content of captured fish in 2007 and 2009 is primarily comprised of
insect parts and both years show the same general range of species
composition. With the exception of cutthroat trout in the fall of 2009, fish
stomachs were less full than in 2007.
Based on the cumulative data, it appears likely that a population of smaller/ mid
size fish are residing in the offshore area of the lake. The evidence supporting
this was first proposed by Shortread and Hume in 2007, who make that
deduction using the results of their hydroacoustic survey. While Shortread and
Hume propose that this population is smaller cutthroat trout, there is evidence to
support that this is likely a population of Dolly Varden. This is supported by Plate
(2008) who suggested that an increase in Dolly Varden catch in the fall of 2007
may be related to the breakdown of the seasonal thermocline. With the
breakdown of the thermocline, the concentrated food numbers found in the
epilimnion decreased as mixing increased and fish had to search a larger area
for food and had a greater likelihood of encountering nets. Plate also suggested
that increased catch rates of fish in the fall was related to Dolly Varden increasing
their consumption rate in order to increase their energy stores for the winter. This
theory is supported by the increased stomach fullness of Dolly Varden in the fall
of 2007 and 2009 and in the increased diversity of species found in the stomachs
during both years.
The introduction of sockeye salmon does not appear to have caused any
detrimental effects to the overall productivity of the lake. The overall biomass
grew in a dramatic fashion from the spring to the summer, after the introduction
of the sockeye. In the fall of 2009, the biomass numbers returned to a level
similar to that of the fall of 2007. The increase in overall biomass was due to the
great increase in Daphina and Diaptomus numbers, which are also the preferred
prey of juvenile salmon. Daphnia were larger in 2009 than in 2006 and while
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their length dropped in the summer, likely a function of greater interspecies
competition, their size rebounded in the fall. Although there was no great
increase in fish matter found in stomach contents of cutthroat trout and Dolly
Varden when compared to 2007 numbers, it is possible that fish preying on
juvenile salmon were less frequently encountered in the nets due to the lack of
need to travel in search of prey. This appears to be partially supported by the
hydroacoustic sampling of 2009, which shows a concentration of smaller fish in
deeper water with a population of larger fish above the smaller one.
Despite the low productivity and the low pH of Batchellor Lake, the juvenile
sockeye that were encountered in the outflowing creek were healthy fish that fell
into size parameters of other salmon bearing systems in Alaska, and were in fact
larger than the same aged juveniles from large systems within British Columbia.
While stomach fullness of cutthroat trout and Dolly Varden was lower in 2009
than in 2007, it is not likely that this is due to competition with the introduced
juvenile salmon. While this will be confirmed with the results of the stomach
content analysis, the preferred prey of juvenile salmon is Daphnia and other
zooplankton species. It is likely that the introduced salmon filled a niche in the
deep waters of the profundal zone, migrating diurnally to feed on zooplankton
and thus only competing indirectly for food with resident fish. It is also possible
that the identified larger fish population residing in the limnetic/ profundal zone
preyed on these introduced species.
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7. Recommendations
Based on the data presented in this report and the previous work of Shortreed
and Hume (2007) and Plate (2008) we are making the following
recommendations with regards to the introduction of juvenile Sockeye salmon in
Batchellor Lakes:





Due to the success of introduced sockeye based on their growth,
residualization testing be completed in the lake in the spring, summer and
fall of 2011;
Trapping be completed in the outflowing stream to determine the presence
of year 2+ migrating populations;
Netting occur in the confluence of Batchellor Creek in the summer of 2012
to determine return rates;
Complete productivity sampling in the lake in 2011 to determine the state
of productivity post- introduction.
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