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Project Title:  Evaluation of potential sockeye salmon production from 
several hanging lakes in British Columbia’s North Coast 

 
Duration: March 1, 2006 to March 31, 2007 

 
Final Summary Report 

 
The Gitga’at Development Corporation has successfully completed it’s work on the above 
project.  The project was divided into 3 phases, all of which were completed to our 
satisfaction and provided information that is critical to the current and future direction of this 
program.  Phase 1 was the productive capacity assessment of 3 hanging lakes where we are 
currently considering initiating a sockeye outplanting program.  Phase 2, was an assessment 
of the hanging lake productive capacity currently used by the fish and invertebrate 
community.  Phase 3 was an assessment of the suitability of seven wild sockeye populations 
as potential brood stock donors. 
 
Details of the work completed for this project are provided in the attached reports.  The first 
report entitled: “A limnological assessment of Batchellor and Red Bluff lakes and a census of 
fish populations in Batchellor, Red Bluff, and Whalen lakes” summarizes the results of Phases 
1 and 2.  Phase 3 is summarized in the second report entitled: “Suitability of Coastal Wild 
Sockeye Salmon Stocks as Potential Brood Stock Donors for a Hanging Lakes Outplanting 
Program:  Initial Conservation Status and Disease Assessment.”   A third report is also 
attached that outlines actual project expenditures relative to the proposed budget. 
 
Please feel free to contact me should you have any questions or concerns about our project. 
 
Chris Picard 
Marine Use Planner 
Gitga’at First Nation. 
 
 
 
 
 
 
 



 
 
 
 
 
 

A limnological assessment of Batchellor and Red Bluff lakes 
and a census of fish populations in Batchellor, Red Bluff, and 

Whalen lakes 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
K.S. Shortreed and J.M.B. Hume 
 
Fisheries and Oceans Canada 
Science Branch 
Salmon and Freshwater Ecosystems Division 
Cultus Lake Salmon Research Laboratory 
4222 Columbia Valley Highway 
Cultus Lake, BC, Canada V2R 5B6 
 
 
 
A report submitted to the Gitga’at First Nation, April 2007 



 



INTRODUCTION 
 
 There are numerous lakes on British Columbia’s north and central coasts which 
are not accessible to anadromous fish due to migration barriers between their outlets 
and the ocean.  It has long been recognized by Fisheries and Oceans Canada (DFO) 
that these “hanging lakes” may represent a considerable amount of underutilized 
rearing capacity for sockeye salmon (Oncorhynchus nerka, Slaney 1988; Levy 2005).  
The expectation was that sockeye fry which were outplanted to a suitable hanging lake 
would rear successfully, would emigrate as smolts past the migration barrier, would 
reach maturity in the ocean, and would be accessible for harvest in a terminal fishery 
when they returned to what they perceived to be their natal stream.  Given the 
substantial potential benefits to local communities and to First Nations, there continues 
to be a high degree of interest in developing such a program. 
 
 Earlier work enabled a list of hanging lakes to be compiled (see Levy 2005 for a 
summary) and, based on limited available data, their relative suitability for outplants 
estimated.  However, more detailed data were needed prior to making decisions about 
the suitability of specific lakes for outplants, and to address provincial government 
information needs prior to issuing a transplant permit.  In 2006, at the request of, and in 
partnership with, the Gitga’at First Nation, DFO’s Lake Research Group (Salmon and 
Freshwater Ecosystems Division, Science Branch) started a detailed study to determine 
the suitability of two of these lakes (Batchellor and Red Bluff) for sockeye fry outplants.  
Limited work was also done on a third lake (Whalen). 
 
 One of the objectives of this study was to determine the current limnological 
status of Batchellor and Red Bluff lakes.  This included the lakes’ trophic status, 
productivity, and productive capacity.  Another objective was to determine biomass and 
species composition of the lakes’ phyto- and zooplankton communities.  Acoustic, trawl, 
and gillnet surveys of the lakes were also carried out in order to determine numbers and 
biomass of potential limnetic juvenile sockeye competitors.  These surveys also served 
to determine presence or absence of potential predators on juvenile sockeye.  The 
ultimate objective of this study was to determine the lake most suitable for sockeye fry 
outplants and to make recommendations on stocking levels. 
 
 

DESCRIPTION OF STUDY LAKES 
 

Batchellor and Red Bluff lakes are located near Grenville Channel and Whalen 
Lake is located approximately 50 km southeast near Whale Channel (Fig. 1).  Elevation 
of the lakes ranges from 36-120 m (Table 1).  Distances from the lake outlets to the 
ocean are short (range: 0.6-1.6 km) and the mean grade of the outlet streams is 5-6% 
for Batchellor and Red Bluff lakes and substantially greater (13%) for Whalen Lake.  
The three lakes are within the coastal western hemlock biogeoclimatic zone (Farley 
1979).  Based on the Koppen climate classification system (Kottek et al. 2006), their 
climate is maritime temperate, with cool summers and mild, wet winters.  Most lakes in 
this zone are warm monomictic (no winter ice cover and continuous winter mixing).  
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Slaney (1988) sampled the three lakes in February of 1987 and found them all to be 
isothermal, with temperatures of approximately 4ºC in all lakes. 

 
The lakes are steep-sided and deep (mean depths range from 65-100 m).  

Drainage basin areas are relatively small and are only 3-4x larger than the surface area 
of the lakes (Table 1).  Drainage basins of Batchellor and Red Bluff lakes appeared 
pristine, with no visible logging or other human activity.  In contrast, Whalen Lake’s 
drainage basin was extensively logged.  Most of Whalen Lake’s shoreline had extensive 
amount of large woody debris and snags and there were numerous slope failures along 
the length of the lake.  Extensive debris jams occurred at the outlets of all three lakes. 
 

Because of basin morphometry and the organically stained water found in all 
three lakes, their littoral zones were very small, ranging from 8-13% of total lake area.  
Limited quantities of macrophytes occurred in the littoral zone of all three lakes.  Nuphar 
lutea (yellow water lily), Lobelia dortmanna (water lobelia), and Isoetes sp. (quillwort) 
occurred in all lakes.  In addition, Sparganium sp. (bur-reed) was observed in Red Bluff 
Lake and Limosella aquatica (water mudwort) occurred in Whalen Lake.  Previous 
studies have reported threespine stickleback (Gasterosteus aculeatus), sculpins 
(Cottus sp.), cutthroat trout (O. clarki), and kokanee (O. nerka) in Red Bluff Lake.  Only 
Dolly Varden char (Salvelinus malma) and cutthroat trout have been reported in Whalen 
Lake and only cutthroat trout in Batchellor Lake (Slaney 1988, Levy 2005). 
 
 

METHODS 
 
LIMNOLOGY 
 

We determined surface area of each lake and the area of its surrounding 
drainage basin using Oziexplorer mapping software (http:/www.oziexplorer.com) and 
digitized Natural Resources Canada 1:50,000 topographic maps (Spectrum Digital 
Imaging, http:/www.mapsdigital.com).  Preliminary estimates of water renewal rates for 
each lake were obtained by using an annual precipitation of 3.65 m.  This was the 
average of 1971-2000 precipitation normals from three stations (Boat Bluff, Ethelda 
Bay, and Prince Rupert) (Environment Canada Climate Archive).  In the estimation of 
water renewal rates, annual lake evaporation was estimated to be 0.7 m (Fisheries and 
Environment Canada 1978). 
 

We carried out limnological surveys of Batchellor and Red Bluff lakes on four 
occasions (June, July, August, October) in 2006 (Table 2).  On each sampling date, we 
used a float-equipped Beaver aircraft to reach the lakes and we sampled one location in 
the central portion of each lake (Fig. 2, 3).  At each sampling date and location, we used 
an Applied Microsystems conductivity, temperature and depth meter (Micro CTD 
Sensor) to obtain temperature and conductivity profiles from the surface to 100 m.  
Thermocline depths were estimated by a visual inspection of plotted temperature and 
depth data.  A Li-Cor data logger (model LI-1000) equipped with a spherical quantum 
sensor (model LI-193SA) was used to measure photosynthetic photon flux density 
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(400-700 nm) down the water column.  Euphotic zone depths were assumed to be 1% 
of surface light intensity.  A 22-cm white Secchi disk was used to measure water clarity. 
 

We used an opaque, 6-L Van Dorn bottle to collect all water samples.  At each 
location, water from 4-6 depths within the epilimnion was collected and equal volumes 
mixed in 9-L Nalge Lowboy carboys to provide an integrated sample.  If the euphotic 
zone was deeper than the epilimnion, a second integrated sample was collected from 
4-6 depths from the bottom of the epilimnion to the bottom of the euphotic zone.  A 
hypolimnetic water sample was collected from below the thermocline (either 30 or 
50 m).  Replicate samples for analysis of turbidity, total dissolved solids, dissolved 
reactive silica, nitrogen (ammonia, nitrate), phosphorus (total, dissolved, soluble 
reactive, turbidity blank), bacteria, picoplankton, and phytoplankton were taken from 
each integrated sample.  At each location, we also collected discrete water samples at 
7-8 depths from the surface to 30-50 m.  These samples were collected in 1-L 
polyethylene bottles and later analyzed for nitrate and chlorophyll.  We also measured 
dissolved oxygen (DO) concentrations at 8 depths from the surface to 30 m using an 
Oxyguard Handy Beta meter. 
 
 Chemical analyses were carried out according to methods given in Stephens and 
Brandstaetter (1983) and Stainton et al. (1977).  For total phosphorus determination, 
clean screw-capped test tubes were rinsed with sample, filled, capped, stored at 4°C, 
and later analyzed using a molybdenum blue method after persulfate digestion.  To 
correct total phosphorus concentrations for turbidity, a turbidity blank was run (Koenings 
et al. 1987).  In all cases in these lakes, phosphorus from turbidity was <0.1 µg/L, so no 
corrections were applied.  Water for dissolved nutrient analyses was filtered through an 
ashed 47-mm diameter Micro Filtration Systems (MFS) borosilicate microfiber filter 
(equivalent to a Whatman GF/F filter).  Each filter was placed in a 47-mm Swinnex 
filtering unit (Millipore Corp.), rinsed with 150 mL of distilled, deionized water (DDW), 
and then rinsed with approximately 50 mL of sample.  For dissolved phosphorus 
determination, filtered water was treated as for total phosphorus, including the use of 
turbidity blanks.  Other water samples for dissolved nutrients were kept cool and dark 
for 2-4 h, filtered into clean, rinsed polyethylene bottles, and frozen.  For chlorophyll 
analysis, we filtered 250-mL of water through a 47-mm diameter, 0.45-µm Millipore HA 
filter.  Filters were folded in half, placed in aluminium foil dishes, and frozen.  They were 
later analyzed using a Turner fluorometer (Model 112) after maceration in 90% acetone. 
 
 Water for bacterioplankton enumeration was collected in sterile scintillation vials 
and preserved with two drops of formaldehyde.  Bacterioplankton were later counted 
using the DAPI method (Robarts and Sephton 1981).  Ten random fields were counted 
on each filter and the counts converted to numbers/mL. 
 
 For phytoplankton enumeration and identification, opaque 125-mL polyethylene 
bottles were rinsed with sample, filled, and fixed with 1-mL of Lugol's iodine solution.  
For analysis, each sample was gently mixed and a subsample was settled overnight in 
a 27-mL settling chamber.  Transects at 187.5X and 750X magnification were counted 
using a Wild M40 inverted microscope equipped with phase contrast optics.  Cells were 

3



identified to genus or species and assigned to size classes.  Cells with a maximum 
dimension from 2-20 µm were classified as nanoplankton.  All cells >20 µm were 
classified as microplankton.  Phototrophic picoplankton (cyanobacteria and eukaryotic 
algae <2 µm in diameter) were enumerated using the method described by MacIsaac 
and Stockner (1985).  Within several hours of sample collection, 15 mL of sample water 
was filtered through a 0.2-µm Nuclepore filter counter-stained with Irgalan black.  Care 
was taken to minimize exposure of the sample to light during sampling and laboratory 
processing.  Filters were placed in opaque Petri dishes, air-dried and stored in the dark 
at room temperature until analyzed.  During analysis, each filter was placed on a wet 
40-µm mesh nylon screen in a filter holder, 1-2 mL of filtered distilled DDW were added 
to the filter column, and the cells on the filter were rehydrated for 3-5 min.  Water was 
drawn through at a vacuum pressure of 20-cm Hg, and the moist filter was placed on a 
glass slide with a drop of immersion oil (Cargille Type B) and a coverslip.  The Zeiss 
epifluorescence microscope used for picoplankton enumeration was equipped with a 
397-nm longwave-pass exciter filter and a 560-nm shortwave-pass exciter filter, a 
580-nm beam-splitter mirror and a 590-nm longwave-pass barrier filter.  Filters were 
examined at 1250X magnification under oil immersion, and 20 random fields were 
counted.  Phototrophic picoplankton were placed in categories based on morphological 
characteristics, fluorescence color, and size categories (Stockner and Shortreed 1991). 
 

We determined in situ photosynthetic rates (PR) at each date and sampling 
location.  PR was determined at 7 depths from the surface to below the euphotic zone.  
At each depth, two light and one dark glass bottles were filled, inoculated with 
approximately 137 kBq of a 

14
C-bicarbonate stock solution, and incubated at the original 

sampling depth.  To determine activity of the stock solution, at each station we 
inoculated three scintillation vials containing 0.5 mL of 0.2-N NaOH with the stock.  
Incubations lasted 1.5 h, usually between 1000 and 1300 h (PST). 
 

After incubation, bottles were placed in light-proof boxes and transported to the 
field laboratory where filtration started <2 h after incubation stopped.  We filtered the 
entire contents of each bottle through a 25-mm diameter MFS glass fibre filter at a 
vacuum not exceeding 20-cm Hg.  Filters were placed in scintillation vials containing 
0.5 mL of 0.5-N HCl and lids were left off the vials for 6-8 hr.  All vials were stored cool 
and in the dark.  Within a few days of the incubations, 10 mL of Scintiverse II-BD (Fisher 
Scientific) was added to each scintillation vial and samples were counted in a Beckman 
Coulter LS6500 liquid scintillation counter.  Quench series composed of the same 
scintillation cocktail and filters used for samples were used to determine counting 
efficiency and the equation of Strickland and Parsons (1972) was used to calculate 
hourly PR.  PR was converted from hourly to daily rates using methods described by 
Koenings et al. (1987). 
 

Water for pH and alkalinity determinations was collected in 125-mL glass bottles 
from the same depths as for PR.  Within 4 hr of collection, this water was combined into 
two integrated samples (top and bottom halves of the euphotic zone).  From these 
integrated samples a Cole-Parmer Digi-Sense pH meter (Model 5986-10) and Ross 
combination electrode were used to determine pH and total alkalinity (mg CaCO3/L) 
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according to the standard potentiometric method of APHA (1998).  Dissolved inorganic 
carbon (DIC) concentrations were determined coulometrically using a UIC Inc. 5011 
CO2 coulometer (DOE 1994).  Water for this analysis was collected in 250-mL glass 
bottles and preserved with 75 mg of mercuric chloride. 
 

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.  
Efficiency of the zooplankton net at every haul was determined using a Rigosha and Co. 
Ltd. flow meter mounted at the second ring of the Wisconsin net.  Zooplankton numbers 
and biomass were corrected for this efficiency, which averaged 0.81 ± 0.02 (2SE). 
 

 Zooplankton samples were placed in 125-mL plastic bottles and preserved in a 
sucrose-buffered 4% formalin solution (Haney and Hall 1973).  All zooplankton, except 
rotifers and nauplii, were later counted, identified to genus or species (Pennak 1978; 
Balcer et al. 1984; Dussart and Defaye 1983), and measured with a computerized video 
measuring system (MacLellan et al. 1993).  Measurement of body length was carried 
out as described by Koenings et al. (1987).  Zooplankton biomass (milligrams dry 
weight) was calculated with species-specific length-weight regressions adapted from 
Bird and Prairie (1985), Culver et al. (1985), Stemberger and Gilbert (1987), and Yan 
and Mackie (1987). 
 

Populations of the phantom midge Chaoborus are often found in coastal B.C. 
lakes (Shortreed et al. 2007).  This macroinvertebrate has the potential to both compete 
with, and to be a food source for, limnetic planktivores such as juvenile sockeye.  For 
behavioural reasons (large diel migrations, fast swimming) and because of its lower 
density, Chaoborus was not quantitatively sampled by our daytime Wisconsin net hauls.  
During the fish surveys in late July, we collected Chaoborus with multiple night-time 
vertical hauls using a 350-µm mesh SCOR-type net with a mouth area of 0.25 m².  We 
estimated biomass of Chaoborus using a length-weight relationship 
(mg dry wt=0.0062xlength1.9778) derived from Chaoborus collected from several North 
Coast area lakes (K. Shortreed, unpublished data). 
 
 Seasonal averages of most collected variables were computed as time-weighted 
means of the four sampling dates.  Seasonal mean PR values were computed by 
assuming PR was zero on May 1 and Oct 31, and integrating PR values for the entire 
period. 
 
FISH CENSUS 
 

Surveys of the fish communities of Batchellor, Red Bluff, and Whalen lakes were 
carried out from July 21-26, 2007.  Limnetic fish were enumerated and sampled using 
hydroacoustics and midwater trawling.  Predators and littoral fish species were sampled 
with gillnets, beach seines, minnow traps, and occasionally dipnets. 
 

Limnetic fish populations were enumerated using standard hydroacoustic survey 
techniques commonly used on sockeye rearing lakes in B.C. (Hyatt et al. 1984; 
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Burczynski and Johnson 1986; Hume et al. 1996).  We established seven to 13 
hydroacoustic transects at approximately regular intervals down the longitudinal axis of 
the lake (Fig. 2-4).  Navigational GPS waypoints were established for the ends of each 
transect.  Larger lakes (Red Bluff and Whalen lakes) were divided into sections for 
midwater trawling and for later summarizing of the acoustic results. 
 

We used a float-equipped Beaver aircraft to reach the lakes for the fish surveys. 
Hydroacoustic and fish sampling equipment were deployed from a 4.3-m inflatable boat, 
powered by a 25-hp outboard motor.  Hydroacoustic data were collected using a digital 
Biosonics DTX, 200 kHz, 6.4° by 6.4° split beam echosounder.  The echosounder 
transmitted at a pulse width of 0.4 ms and collected data above a threshold of -70 dB.  
All hydroacoustic data used for fish sampling was collected at night between the hours 
of civil sunset and sunrise.  The depth range was set to a maximum of 80 m for night-
time fish data collection.  Data were collected by transecting at speeds <2 m/sec.  
Collected data included the raw acoustic echo returns from the bottom and from objects 
in the water column, the position within the beam of the echo target, and GPS 
coordinates of each acoustic sample.  Pulse rate ranged from 3-12 pings/sec and was 
visually optimized on each survey for maximum hits per target and the least interference 
from false bottom echoes.  Data were saved to hard disk after each transect and backed 
up daily to a USB flash drive.  Additional transects were conducted during the day to 
collect data for making the bathymetric charts on Batchellor and Red Bluff lakes and for 
comparison to the night transects on all lakes. 
 

Midwater trawling was conducted using a variable mesh 7.5-m long trawl with a 
2x2-m mouth opening (Gjernes 1979).  The mouth was kept open by top and bottom 
spreader bars and two 6.8-kg cannon balls hung from the ends of the bottom bar.  The 
net was constructed with a graded series of meshes from mouth (5.0-cm stretch mesh) 
to codend (1.3-cm knotless nylon).  The PVC (75-mm diameter) piping used to collect 
fish at the codend was closed by a threaded perforated cap lined with plankton netting.  
One to four midwater tows of 6-30 min duration were conducted in each lake section, 
targeting layers of observed fish.  Captured fish <150 mm in length were anaesthetized 
with a lethal dose of clove oil solution (Anderson et al. 1997) to prevent regurgitation of 
stomach contents prior to preserving them in either 10% formalin or 85% ethanol.  
Larger fish were identified, measured to fork length and released.  After 30 days or more 
in preservative, fish were identified, measured and weighed.  While the 2x2-m trawl has 
been shown to be increasingly biased as fish size increases above 40 mm (McQueen 
et al. 2007), the nature of this bias and appropriate correction procedures are uncertain.  
We report sizes as measured. 
 

We also sampled fish using small mesh Swedish style gillnets, large mesh 
gillnets, a beach seine 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, 
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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 beach seine was 15-m 
long by 2.2-m deep with wings of 13-mm mesh and a centre section of 6-mm mesh.  
The Gee minnow traps had a mesh size of 6 mm and had 2-cm mouth openings. 
 

Hydroacoustic data was processed with SonarData’s Echoview software 
(www.sonardata.com) using a lower threshold of -65 to -63 dB, depending on size of 
fish present and/or any noise problems present in the data.  The target strength (TS) 
information provide by the hydroacoustic survey allows us to estimate the abundance of 
three broad size categories: fish the size of age-0 O. nerka, fish the size of age-1 to 
age-3 kokanee, and larger fish (including potential predators).  Based on experience in 
other lakes and the observed TS frequency distributions in the three study lakes, we 
chose TS ranges of -65 (or -63) to -45 for age-0 sized fish, -45 to -37 for older kokanee, 
and > -37 for larger fish.  In theory, these TS ranges roughly correspond to fish lengths 
of 16 to 93 mm, 93 to 350 mm and larger, but we have found only approximate 
correspondence between measured lengths and TS in the past (Love 1977). 
 

For processing, we divided each transect vertically into 2-m layers from surface 
to bottom and into 100-m intervals horizontally.  This formed a grid of 2x100-m cells that 
covered the length and depth of each transect.  Primary output from Echoview included 
the mean backscattering energy (Sv-mean), single target counts and tracked target 
counts for each cell.  These data were averaged and summarized using custom SAS 
programs to produce fish density and TS estimates for each layer.  Using Microsoft 
Excel, density estimates were then scaled with trawl catch results, layer volumes and 
TS values to produce estimates of fish abundance for each transect.  Transect 
abundances were summarized to provide section and lake abundance estimates. 
 

Of the three methods (echo integration, single target and tracked target) we could 
use to process hydroacoustic data and arrive at a population estimate, tracked targets 
was most appropriate for these lakes.  Tracked targets uses a set of criteria to 
determine if a group of single targets represents the track of a single fish.  It is the best 
method when fish densities are very low and when there is interference from 
background noise and/or from non-fish targets such as Chaoborus. 
 

The larval form of the phantom midge (Chaoborus) was present in Batchellor and 
Whalen lakes.  Chaoborus have acoustical target strengths that overlap juvenile 
sockeye and kokanee and their spatial distribution is often similar, thus separating the 
sockeye or fish component from what can be a large Chaoborus acoustic return is 
problematic.  However, while Chaoborus is capable of reflecting sound energy at 
intensities similar to those of juvenile sockeye, individual Chaoborus do not do so 
consistently, and therefore usually fail to produce clean unbroken echo traces as fish 
do.  In short, echo returns from Chaoborus, while they may represent the majority of 
reflected sound energy detected by the transducer, tend to be scattered and 
unorganized in comparison to reflections from fish targets.  Standard acoustical target 
tracking algorithms reject returns from Chaoborus, enabling us to use this difference to 
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separate Chaoborus echoes from fish echoes (S. MacLellan and J. Hume, unpublished 
data). 
 

Collected fish were used to determine species composition, size, and age 
structure in all lakes.  Most samples were preserved in 10% formalin, but some were 
preserved in 85% ethanol for possible DNA analyses at a later date.  Once length and 
weight had stabilized in the preservative (30 days), we identified, weighed and 
measured all fish in the sample.  Scales were collected from all trawl caught fish and 
sent to the Pacific Biological Station Scale Lab in Nanaimo B.C. for aging.  Where 
sample sizes were adequate, stomachs were taken from fish for diet analysis.  Due to 
the limited catches in Whalen and Batchellor lakes, diet was examined in Red Bluff 
Lake only.  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. 
 
 

RESULTS AND DISCUSSION 
 
PHYSICS 
 
 Batchellor and Red Bluff lakes had similar thermal regimes and were stably 
stratified on all four sampling dates (Fig. 5).  Average epilimnion depth was 6.0 m in Red 
Bluff Lake and only slightly deeper (7.7 m) in Batchellor Lake.  These values were 
similar to the average of 5.9 m reported for a suite of 16 stained North Coast lakes 
(Shortreed et al. 2007).  Red Bluff Lake had slightly warmer summer surface 
temperatures than Batchellor Lake, with the result that its average surface temperature 
(17.3ºC) was slightly warmer than the 16.1ºC average for Batchellor Lake (Fig. 5, 
Table 2).  In both lakes, turbidity was negligible (mean of 0.03 NTU).  Although both 
lakes were organically stained, water clarity in Red Bluff Lake was substantially greater 
(average Secchi depth of 10.1 m) than that in Batchellor Lake (7.4 m) (Fig. 6, Table 2).  
Average euphotic zone depths followed a similar pattern and were deeper (12.8 m) in 
Red Bluff Lake than in Batchellor Lake (8.1 m).  On the one occasion it was sampled, 
Whalen Lake had values between those of the other two lakes.  In comparison, the 
stained lakes reported by Shortreed et al. (2007) had much shallower average Secchi 
and euphotic zone depths (5.0 m and 6.2 m, respectively). 
 
CHEMISTRY 
 
 Both lakes had extremely low conductivities which averaged only 13 µS/cm 
(Table 2).  This was lower than the average conductivity of 20 µS/cm found for other 
stained north coast lakes and much lower than the average of 47 µS/cm for interior 
Skeena system lakes (Shortreed et al. 2007).  In both lakes, hypolimnetic values were 
slightly higher than those in the epilimnion, most likely due to more rapid flushing of the 
surface waters.  Dissolved oxygen concentrations were high in both lakes, with average 
epilimnetic values of 10.5 µg/L in Batchellor Lake and 11.3 µg/L in Red Bluff Lake.  Both 
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lakes exhibited the orthograde profiles (higher hypolimnetic DO in summer) typical of 
oligotrophic lakes (Wetzel 2001) (Fig. 8). 
 

Both lakes were acidic and epilimnetic pH ranged from a low of 5.08 in Batchellor 
Lake in August to a maximum of 6.01 in Red Bluff Lake in July.  Seasonal average pH 
was 5.37 in Batchellor Lake and 5.91 in Red Bluff Lake.  Batchellor Lake pH was the 
lowest yet recorded from a lake on B.C.’s north coast (Shortreed et al. 2001, 2007).  As 
with pH, total dissolved solids, total alkalinity, and dissolved inorganic carbon were all 
among the lowest recorded for lakes in this region (Table 2). 
 
 Total phosphorus concentrations were also extremely low, averaging only 
1.9 µg/L in Batchellor Lake and 2.0 µg/L in Red Bluff Lake.  Concentrations of soluble 
reactive phosphorus were also extremely low (0.1-0.3 µg/L), at or near the analytical 
detection limit of 0.1 µg/L (Table 2).  In Batchellor Lake, average nitrate concentrations 
were 5.7 µg N/L in the epilimnion and 22.8 µg N/L in the hypolimnion.  In Red Bluff 
Lake, concentrations (10.0 and 42.5 µg N/L, respectively) were approximately twice 
those in Batchellor.  Although epilimnetic nitrate concentrations declined substantially in 
summer, at no time did they go to depletion (<1 µg N/L) (Fig. 9).  These data indicate 
that productivity of both lakes is strongly nutrient (primarily P) limited and they are 
among the more oligotrophic lakes found in B.C. (Shortreed et al. 2001, 2007). 
 
BACTERIA AND PHYTOPLANKTON 
 
 In both lakes, bacteria numbers were highest on the October sampling date and 
seasonal averages were substantially higher (0.74 million/mL) in Red Bluff Lake than in 
Batchellor Lake (0.47 million/mL) (Fig. 10, Table 2).  These values are much lower than 
those found in many other B.C. lakes (Shortreed et al. 1998, 2007) and are a further 
indication of the lakes’ highly oligotrophic status.  In a trophic classification based on 
bacteria numbers, Bird and Kalff (1984) concluded that lakes with numbers 
<1.7 million/mL were oligotrophic.  Chlorophyll concentrations were also very low 
(means were 0.28 µg/L in Batchellor Lake and 0.48 µg/L in Red Bluff Lake) and 
exhibited relatively little seasonal variation (Table 2, Fig. 10).  These are among the 
lowest average concentrations found in sockeye lakes near the north coast (Shortreed 
et al. 2007).  Vertical profiles of chlorophyll concentration were quite different in the two 
lakes.  At every sampling date in Batchellor Lake, highest chlorophyll concentrations 
occurred in the epilimnion (Fig. 11).  In June and July in Red Bluff Lake, there was a 
distinct chlorophyll peak near the bottom of the euphotic zone and metalimnion (Fig. 11).  
However, this metalimnetic peak did not persist and, in August and October, chlorophyll 
was highest in the epilimnion.  These differences between the two lakes are most likely 
related to the deeper euphotic zone in Red Bluff Lake. 
 
 Photosynthetic rates (PR) followed similar patterns to chlorophyll, with relatively 
little seasonal variation and low values (Table 2).  The seasonal average of 72 mg C·m-

2·d-1 for Red Bluff Lake is similar to that found in a number of highly oligotrophic B.C. 
lakes (Shortreed et al. 2001).  However, the average PR of 35 mg C·m-2·d-1 for 
Batchellor Lake is among the lowest yet found for a stained coastal lake (Shortreed et 
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al. 2001, 2007).  Vertical profiles of PR were somewhat different between the two lakes 
(Fig. 12, 13).  While highest volumetric rates at each sampling date averaged only 1/3 
higher in Red Bluff Lake, its deeper euphotic zone resulted in slower vertical attenuation 
of PR, resulting in average integrated rates more than double those in Batchellor Lake 
(Table 2).  As with nutrient data and other biological variables, PR indicates that Red 
Bluff Lake is more productive than Batchellor Lake, but both lakes are highly 
oligotrophic and strongly nutrient-limited. 
 
 Phytoplankton community composition in all three lakes was similar to that 
commonly found in many other B.C. lakes (Shortreed et al. 2007).  Although 
picoplankton (<2-µm diameter) and nanoplankton (2-20 µm) numbers and volumes 
were within the ranges seen in other highly oligotrophic lakes, microplankton (>20 µm) 
numbers and volume were slightly lower than usual relative to other lakes (Table 2) 
(Shortreed et al. 2007).  In both Batchellor and Red Bluff lakes, picoplankton consisted 
primarily of colonial and unicellular Synechococcus (in roughly equal numbers), with 
lesser numbers of a picoplankton-sized eukaryote (Fig. 14).  Average picoplankton 
volume was 23 mm³/m³ in Batchellor Lake and 55 mm³/m³ in Red Bluff Lake, while 
average numbers were 10 thousand/mL and 23 thousand/mL, respectively.  Average 
nanoplankton volume ranged from 34 mm³m³ (Batchellor Lake) to 67 mm³m³ (Whalen 
Lake), which was within the range observed in 16 other north coast lakes, which had an 
overall average nanoplankton volume of 74 mm³m³ (Shortreed et al. 2007).  In all three 
lakes, the flagellate Chromulina was the most abundant nanoplankton.  Other common 
nanoplankton were the flagellates Chroomonas and Ochromonas, as well as the diatom 
Cyclotella.  Average microplankton volume ranged from 100 mm³m³ in Batchellor Lake 
to 210 mm³m³ in Red Bluff Lake (Table 2).  Microplankton made up 63% of total 
phytoplankton volume in Batchellor Lake and 65% in Red Bluff Lake.  This was only 
slightly less than the overall average of 74% for the suite of 35 lakes reported by 
Shortreed et al. (2007).  In all three lakes, the dominant microplankton was the diatom 
Rhizosolenia, followed by another large diatom, Cyclotella comta. 
 
ZOOPLANKTON 
 
 In both lakes, zooplankton biomass was lowest in June and highest in August 
(Fig. 15).  Average biomass was 53% higher in Red Bluff Lake (620 mg dry wt/m²) than 
in Batchellor Lake (406 mg dry wt/m²) (Table 2).  On the one date (July 26) zooplankton 
were collected from Whalen Lake, total biomass was 344 mg dry wt/m².  These values 
are within the range observed for 16 north coast sockeye nursery lakes (Shortreed et al. 
2007), but there were differences in zooplankton community structure between the three 
lakes.  Cladocerans comprised somewhat similar proportions of total biomass in the 
lakes (64% in Batchellor, 57% in Red Bluff, and 78% in Whalen) but species 
composition varied.  Daphnia sp. (possibly D. thorata) made up 67% of cladoceran 
biomass (44% of total biomass) in Batchellor Lake but only 19% in Red Bluff Lake and 
23% in Whalen Lake (Table 2).  The smaller cladoceran Bosmina longirostris made up 
40% of total biomass in Red Bluff and Whalen lakes but only 10% in Batchellor Lake.  
Copepods made up an average of 36% of total biomass in Batchellor Lake, 43% in Red 
Bluff Lake, and 22% in Whalen Lake.  The calanoid copepod Diaptomus made up over 
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90% of copepod biomass in Batchellor and Red Bluff lakes and 81% in Whalen Lake 
(Table 2).  Biomass of cyclopoid copepods (Acanthocyclops and Diacyclops) was much 
lower than that of other copepods.  Both Daphnia and B. longirostris were larger in 
Batchellor Lake than in the other two lakes (Table 2, Fig. 16-18).  Reasons for this 
difference are not readily apparent, but are most likely related to the apparent lack of 
kokanee in Batchellor Lake (i.e. lower grazing pressure). 
 
MACROINVERTEBRATES  
 
 Limnetic macroinvertebrates such as the phantom midge (Chaoborus spp.) are 
commonly found in North Coast lakes and may compete with juvenile sockeye as well 
as being an additional food source for sockeye (Shortreed et al. 2007).  In any case, 
they have the potential to reduce a lake’s sockeye rearing capacity.  Daytime acoustic 
transects of the study lakes indicated the presence of Chaoborus spp. in narrow layers 
from 35-45 m in Batchellor Lake and from 40-55 m in Whalen Lake (Fig. 19, 20).  At 
night, these layers had risen to 5-10 m in both lakes.  No Chaoborus were observed in 
Red Bluff Lake and none were captured in the SCOR net sampling (Fig. 21).  We 
identified C. punctipennis as the Chaoborus species present in the study lakes.  SCOR 
net sampling determined they were present only in low densities in Batchellor (36/m² or 
1.2/m³) and Whalen lakes (22/m² or 0.7/m³) (Table 2).  Length-frequency data from both 
Batchellor and Whalen lakes suggest there were two generations of Chaoborus present 
in each lake at the time of sampling (Fig. 18). 
 

The night time hydroacoustics showed that Chaoborus are unevenly distributed 
within the two lakes.  In Batchellor Lake, highest concentrations occurred in the northern 
half of the lake (transects 1-3) with much lower densities in the southern half 
(transects 5-7) (Fig. 19, data on file).  On transects 1-3, Chaoborus were concentrated 
in the middle of each transect with lower numbers in nearshore areas.  Chaoborus was 
more evenly distributed in Whalen Lake and occurred in moderate densities on most 
transects as well as in nearshore areas, although densities were somewhat lower on 
transects 10-12 (Fig. 20, data on file). 
 
FISH  
 
 No fish species was common to all three lakes and only salmonids were found in 
Batchellor and Whalen lakes (Table 3, 4).  Dolly Varden char and cutthroat trout were 
found in Batchellor Lake.  Kokanee, Dolly Varden char, and coho salmon (O. kisutch) 
were captured in Whalen Lake.  All of these species had been previously reported for 
Whalen Lake but Dolly Varden had not previously been found in Batchellor Lake 
(Slaney 1988, Levy 2005, C. Picard personal communications).  Besides kokanee and 
cutthroat trout, Red Bluff Lake also had threespine stickleback and an unidentified 
sculpin species.  All of these taxa have been previously found in Red Bluff Lake.  While 
the sculpins were too small to identify, we have previously found prickly sculpins (Cottus 
asper) in nearby Hartley Bay Lake, Banks Lake West, and Evelyn Lake (S. MacLellan 
and J. Hume, unpublished data). 
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Both forms of O. nerka (sockeye and kokanee) usually occupy the limnetic area 
of lakes (Burgner 1991) and thus we concentrated our sampling efforts in this area.  
Typically kokanee and sockeye undergo diel vertical migrations, spending the day in 
deeper waters to avoid predation, rising to surface waters to feed at dusk and spend the 
night in the upper water column.  At dawn they feed once more and then migrate back 
to deeper waters (Levy 1990).  Day time transects found few fish in the upper 80 m of 
the water column in any of the lakes, but even at night fish visible on the echograms 
were sparse, although they may be partly masked by Chaoborus in two of the lakes 
(Fig. 19-21). 
 

The acoustical characteristics of the fish targets in Red Bluff Lake were typical of 
those observed in other kokanee and sockeye rearing lakes in BC.  The frequency 
distribution of TS for Red Bluff Lake showed numerous targets in the age-0 range and 
considerably less in the larger (and older) size classes (Fig. 22).  Unlike the other two 
lakes, the midwater trawls caught a reasonable number of fish in Red Bluff Lake.  Age-0 
and -1 kokanee were the main catch but there were also some very small (<12 mm) 
unidentified larval fish caught.  These small fish have acoustic target strengths below 
our normal processing threshold (< -65dB).  Consequently, their signal was deleted 
during the acoustic processing and they are not included in the acoustic population 
estimates.  Based on the trawl catches, we assigned all of the midwater fish to kokanee 
and estimated 153 age-0 kokanee/ha and 53 older kokanee/ha in Red Bluff Lake 
(Table 4, 5). 
 

The TS frequency distribution pattern in Batchellor Lake was also typical of that 
observed in kokanee rearing lakes (Fig. 22), but without catches of fish from the 
midwater area, it is impossible to determine the species composition of this group of 
acoustic targets.  However, no kokanee were caught in any of the fishing gear used and 
they have not been recorded there previously, so we assumed that the acoustically 
detected midwater fish belonged to another taxa.  One possibility is that they were 
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 any case, acoustic data and trawl catches indicate low 
densities of both age-0 sized fish (142/ha) and of larger fish (33/ha, Table 4,5).  These 
fish may be various age classes of cutthroat trout but further sampling will be necessary 
to confirm this. 

 
 In contrast, the TS frequency distribution for Whalen Lake was very different and 

exhibited a pattern we normally do not see in other lakes containing O. nerka (Fig. 22).  
The distribution is skewed considerably towards the larger TS, with most targets found 
in the age-1 to age-3 size class (-48 to -38 dB).  Combined with the small catch of 
kokanee in the trawl and other nets, this indicates a small kokanee population and 
probably a larger component of another species.  Without a larger midwater catch, we 
cannot assign the acoustic estimates to a taxa with any confidence.  As in the other 
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lakes, we estimate low densities of midwater fish with only 59 age-0 sized fish and 95  
older kokanee sized fish/ha.  Other than one kokanee, only Dolly Varden char and coho 
were caught by the fishing gear.  When lake-rearing coho are present, they are usually 
closely associated with the littoral zone, and zooplankton are generally a small 
component of their diet (Irvine and Johnson 1992; J. Hume, unpublished data). 
 

Of fish species which potentially may prey on juvenile sockeye, we found Dolly 
Varden char in Whalen Lake, cutthroat trout in Red Bluff Lake, and both in Batchellor 
Lake.  The sampling methods used were not quantitative, but the gillnet catch rates are 
indicative of relative abundance of fish potentially capable of preying on age-0 sockeye.  
Batchellor Lake had the highest catch rate of potential predators, with 28 cutthroat/set 
or 1.7/hr. The catch rate of Dolly Varden char in Batchellor Lake was much lower at 
about 1.5/set (0.1/hr), possibly indicating lower densities than the cutthroat trout, or 
possibly reflecting habitat differences.  Catch rates of Dolly Varden char in Whalen Lake 
and cutthroat trout in Red Bluff Lake were both around 5 fish/set (0.2-0.5/hr), 
considerably lower than found in Batchellor Lake.  While the largest predatory fish were 
captured in Red Bluff Lake, all three lakes had fish >200 mm, the size at which the 
onset of piscivory is often observed in salmonids (Mittelbach and Persson 1998). 
 
 

Overall, mid-water fish populations in Batchellor, Red Bluff, and Whalen lakes 
were lower than those observed in other nearby sockeye rearing lakes.  Previous 
studies on nearby lakes (Banks East, Banks West, Ecstall, Johnston, and Kitkiata) 
found age-0 sockeye densities that ranged from 70-6,080/ha (Shortreed et al. 2007; 
S. MacLellan and J. Hume, unpublished data).  All five of these lakes also had 
significant populations of threespine stickleback, with densities ranging from 
160-1,750/ha.  Thus the age-0 sized densities of 59-153/ha observed in the study lakes 
(175-212 total fish/ha) indicates only a limited utilization of the limnetic region of these 
lakes relative to known sockeye nursery lakes. 
 
FISH DIET 
 

Diet analysis was done on 13 age-0 kokanee captured by midwater trawling and 
on 22 threespine stickleback captured by beach seining in Red Bluff Lake (Table 6).  
Stomach fullness averaged 22% for both kokanee and sticklebacks.  Except for one 
chironomid, only planktonic crustaceans were found in kokanee stomachs.  By a 
substantial margin, the calanoid copepod Diaptomus was the dominant kokanee prey 
item, comprising an average of 79% of stomach biomass in age-0 kokanee (Table 6).  
Other prey items included Acanthocyclops, Bosmina, Daphnia, and Holopedium (3-6%).  
As expected from their very different capture location, threespine sticklebacks had little 
dietary overlap with kokanee.  Cyclopoid copepods (Acanthocyclops and small numbers 
of Diacyclops) and the cladoceran, Chydorus, were the most abundant diet items (41 
and 35%, respectively), while chironomid larvae and terrestrial insects comprised the 
highest biomass (58 and 30%). 
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PRODUCTIVE CAPACITY AND FRY OUTPLANTS 
 
 The PR model (Hume et al. 1996, Shortreed et al. 2000) was developed as a tool 
to predict a lake’s sockeye rearing capacity when sufficient data on the fish community 
are not available to directly estimate capacity.  The model has been widely used on 
North Coast and Skeena system sockeye lakes to provide estimates of rearing capacity 
and optimum escapements (Shortreed et al. 1998, Cox-Rogers et al. 2004).  The model 
uses, lake area, primary production rates (PRmean), and the biomass of non-sockeye 
competitors from each lake (Table 7).   
 

In Batchellor and Red Bluff lakes, the PR model predicts that at rearing capacity 
the lakes have the capacity to produce 1,536 and 4,338 kg respectively, of sockeye 
smolts (Table 8).  This is approximately 341 thousand smolts from Batchellor Lake and 
964 thousand from Red Bluff Lake.  With respect to fry outplants to either lake and the 
need to avoid substantial effects on the lakes’ plankton or fish communities, it would be 
advisable to take a precautionary approach and stay substantially below rearing 
capacity.  The lower portion of Table 8 shows an approach to calculate numbers of fry 
outplants based on survival at various life-history stages (upper part of Table 8).  Using 
these survivals, approximately 30% of the rearing capacity of the lakes would be utilized 
by doing egg takes from 100 female sockeye for Batchellor Lake or 300 for Red Bluff 
Lake (Red Bluff is both larger and more productive than Batchellor).  At the estimated 
survivals listed in Table 8, this could result in adult returns of approximately 
seven thousand to Batchellor Lake and 22 thousand to Red Bluff Lake. 
 
 Appropriate data were not collected from Whalen Lake to apply the PR model, 
but based on zooplankton biomass, its productivity could be similar to that of Batchellor 
Lake.  With this assumption, if 300 female sockeye were used in an egg-take, 30% of 
the lake’s rearing capacity would be utilized and approximately 22,000 adult sockeye 
could potentially return (Table 8). 
 
 

RECOMMENDATIONS 
 

• Previous assessments of these lakes concluded that the gradients from the 
outlets to the ocean of Batchellor and Red Bluff lakes are relatively low (5-6%) 
and do not present a hazard to downstream migrants (Slaney et al. 1998, Levy 
2005).  However, in Whalen Lake the gradient is 13% and the outlet stream does 
not have substantial plunge pools at the bottom of several steep drops.  
Consequently, it was concluded that mortality of downstream migrants would be 
unacceptably high.  Although some coho appear to survive the drop, the ability of 
sockeye to do so should be determined. 

 
• If it is determined that Whalen Lake’s steep outlet gradient would not cause high 

mortality in sockeye smolts, then a limnological assessment similar to that done 
for Batchellor and Red Bluff lakes should be carried out.  If it should be a 
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favourable candidate, its larger surface area would provide greater potential for 
sockeye production. 

 
• The lakes are highly oligotrophic and strongly nutrient-limited.  Nutrient additions 

would increase their productive capacity and would be of benefit to both native 
fish stocks and introduced sockeye fry, but it is unlikely that a fertilization program 
would be cost-effective. 

 
• While Red Bluff Lake had higher total zooplankton biomass, biomass of juvenile 

sockeye’s preferred prey item (Daphnia) was much higher (220 mg dry wt/m²) in 
Batchellor Lake than in Red Bluff Lake (65 mg dry wt/m²).  While the zooplankton 
communities of both lakes would support sockeye, Batchellor Lake would provide 
a higher quality forage base. 

 
• The hydroacoustic survey of Batchellor Lake indicated that there is a population 

of kokanee-sized fish in the limnetic zone, but no fish were captured with the 
trawl.  More effort to sample the limnetic zone should be made (perhaps using 
other gear such as gillnets) to determine presence and species/age composition. 

 
• Catches using gillnets suggest that Batchellor Lake has a higher density of 

potential sockeye predators (e.g. cutthroat trout and Dolly Varden char) than Red 
Bluff Lake.  However, these species often tend to concentrate in the littoral zone 
and so may have little interaction with limnetic juvenile sockeye. 

 
• On balance, Batchellor Lake appears to be the best candidate for sockeye fry 

outplants, but its low pH is a cause for concern.  Although the limited available 
data on effects of low pH on Pacific salmon fry suggest that Batchellor Lake’s pH 
would not affect growth or survival of sockeye fry, this would need to be 
confirmed prior to any large-scale program of fry outplants.  In any of the lakes, 
an assessment of growth and survival of sockeye reared in net pens for a 
number of weeks would be advisable. 

 
• If low pH is not a concern, then both Batchellor and Red Bluff Lake would be 

suitable candidates for sockeye fry outplants.  Batchellor has a somewhat better 
rearing environment than Red Bluff, but because Red Bluff is bigger and more 
productive, its potential for sockeye production is greater. 

 
• An alternative to carrying out outplants to one lake alone at a conservative (e.g. 

30% of capacity) rearing density would be to stock at a higher density (e.g. 50%), 
but carry out outplants only in alternate years.  For example, outplants could be 
added to Batchellor Lake in odd years and Red Bluff Lake in even years.  This 
would avoid the possibility of cumulative effects on the plankton community with 
continuous higher grazing pressure.  
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Appendix A 
Bathymetric charts are a necessary component of our data analysis for both the 

limnological and hydroacoustic sampling, but charts of Batchellor and Red Bluff lakes 
were not available.  We used data from the fish survey transects as well as extra 
transects conducted during the day to construct bathymetric charts of these lakes.  
Extra transects were made half way between the fish survey transects and in other 
areas not covered by the survey.  We used Surfer mapping software 
(www.goldensoftware.com) to construct the charts. The resulting charts are shown in 
Appendix Figs. 1 and 2. 
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Table 1.  Morphometric data from the 2006 study lakes.
Lake

Batchellor Red Bluff Whalen
Location Grenville Channel Grenville Channel Whale Channel 
1:50,000 topographic map number 103H12 103H5 103H2
Latitude (ºN) 53º36' 53º28' 53º13'
Longitude (ºW) 129º40' 129º35' 128º56'
Elevation (m) 88 36 120
Distance (km) from outlet to salt water 1.63 0.60 0.91
Mean grade of outlet (%) 5 6 13
Drainage basin area (km²) 23.5 26.9 66.3
Shore line length (km²) 18.8 29.2 56.0
Surface area (km²) 5.7 7.9 21.3
Shoreline development 2.2 2.9 3.4
Littoral zone area (% of total) 10 13 8
Depth at sampling station (m) >100 >100 >100
Maximum depth (m) 131 199 255
Mean depth (m) 66 65 100
Water renewal time (yr) 3.6 4.3 7.0
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Table 2.  Physical, chemical, and biological data collected from the 2006 investigation of Batchellor and Red Bluff lakes. Chemical 
and biological data are trophogenic zone means except where otherwise noted.

Batchellor Red Bluff Whalen
Variable 2-Jun 5-Jul 22-Aug 3-Oct Mean 2-Jun 5-Jul 22-Aug 3-Oct Mean 26-Jul

Epilimnion depth (m) 3.7 6.2 8.8 11.2 7.7 7.8 3.1 6.2 10.0 6.0 8.0
Surface temperature (ºC) 12.6 17.7 16.7 14.5 16.1 11.0 20.7 18.2 14.0 17.3
Turbidity (NTU) 0.04 0.00 0.01 0.13 0.03 0.14 0.00 0.01 0.05 0.03
Secchi depth (m) 7.1 7.5 7.1 8.1 7.4 11.1 10.9 9.0 10.1 10.1 7.7
Euphotic zone depth (EZD, m) 8.0 8.4 8.2 7.3 8.1 13.9 13.7 12.9 10.2 12.8 9.7

Conductivity (µS/cm at 25ºC) 16 12 12 14 13 18 11 12 16 13
Dissolved oxygen (mg/L) 11.7 10.6 9.8 10.5 13.1 11.6 10.0 11.3
pH 5.61 5.57 5.08 5.44 5.37 5.92 6.01 5.92 5.67 5.91
Total dissolved solids (mg/L) 12 14 6 12 10 14 14 12 15 13
Total alkalinity (mg CaCO3/L) 0.43 0.14 0.05 0.28 0.17 0.53 0.77 0.66 0.48 0.65
Dissolved inorganic carbon (mg/L) 0.61 0.56 0.52 0.52 0.55 0.57 0.54 0.60 0.62 0.58

Soluble reactive silica (mg Si/L)
Total P (µg/L) 1.6 3.0 1.3 1.4 1.9 1.7 1.9 2.4 1.4 2.0 1.2
Total dissolved P (µg/L) 1.2 1.4 1.0 1.2 1.2 1.1 1.1 1.8 1.1 1.3
Soluble reactive P (µg/L) 0.2 0.3 0.1 0.2 0.2 0.1 0.1 0.2 0.1 0.1
Epilimnetic nitrate (µg N/L) 13.0 6.2 2.7 5.5 5.7 29.2 10.9 2.6 9.4 10.0
Hypolimnetic nitrate (µg N/L) 23.2 21.4 23.3 24.0 22.8 50.0 42.6 38.9 43.9 42.5
Epilimnetic ammonia (µg N/L) 2.5 4.6 10.0 5.3 6.4 4.7 3.7 7.1 4.7 5.2
Hypolimnetic ammonia (µg N/L) 4.7 7.4 11.8 3.3 7.9 4.4 5.7 4.2 2.6 4.4

Bacteria (millions/mL) 0.25 0.28 0.56 0.80 0.47 0.47 0.69 0.77 1.00 0.74
Chlorophyll (µg/L) 0.28 0.31 0.22 0.33 0.28 0.42 0.51 0.54 0.57 0.52
Daily PR (mg C·m-2·d-1) 36 57 37 36 35 80 99 72 95 72

Phytopl. number (thousands/mL)
Picoplankton 5.63 11.60 11.71 7.35 10.11 8.69 17.65 31.44 24.00 22.58
Nanoplankton 0.44 0.70 0.56 0.45 0.57 0.94 1.02 1.14 0.91 1.03 0.95
Microplankton 0.09 0.30 0.13 0.22 0.20 0.26 0.59 0.56 0.54 0.53 0.45

Phytopl. volume (mm³/m³)
Picoplankton 15 27 25 17 23 22 39 80 56 55
Nanoplankton 27 39 34 27 34 60 55 60 57 58 67
Microplankton 83 136 73 101 100 234 151 221 282 210 192
%micro vol 67% 67% 56% 70% 63% 74% 62% 61% 71% 65%

Zoopl. biomass (mg dry wt/m2)
Total 104 298 641 350 406 240 614 810 523 620 344
Total cladocerans 26 200 514 183 289 55 226 592 461 377 268
Total copepods 78 98 127 167 118 185 388 218 63 243 76
Daphnia 12 88 444 158 220 8 62 74 98 65 62
Bosmina longirostris 13 52 20 21 30 43 93 465 343 265 137
Cyclopoid copepods 2.5 4.6 8.7 4.6 5.8 14 21 10 6.9 14 15
Diaptomus 72 92 117 161 110 169 366 205 52 227 61
Holopedium gibberum 1.3 58 48 3.6 38 4.0 58 46 12 38 57

Daphnia  mean length (mm) 0.77 0.82 0.97 0.99 0.89 0.77 0.76 0.73 0.72 0.74 0.65
B. longirostris  mean length (mm) 0.44 0.43 0.45 0.43 0.44 0.44 0.40 0.38 0.39 0.39 0.34

Chaoborus punctipennis 1

Numbers/m³ 1.2 0.0 0.7
Biomass (mg dry wt/m³) 0.7 0.0 0.4
1 - These data were collected in late July with night-time SCOR net hauls

22



Table 3.  Log of fish capture net sets, including effort and catch data for each study lake.  Trawl location is shown as area of lake and 
mid-depths of the trawl net.

Catch/effort

Capture gear Location Sets Total fishing 
time (hr) Fish taxa name Catch Catch/set Catch/ hr

Batchellor Lake, July 20, 2006
Midwater Trawl Mid lake @8 & 27m 2 0.8 No catch 0 0.0 0.0
Beach Seine Along shoreline 4 Cutthroat trout 19 4.8

Dolly Varden char 3 0.8
Minnow Trap Along shoreline 5 81 Dolly Varden char 5 1.0 0.1
RIC Gillnet Floating offshore 2 34 Cutthroat trout 56 28 1.7

Dolly Varden char 3 1.5 0.1
Swedish Gillnet Floating offshore 4 80 Dolly Varden char 1 0.3 0.0

Red Bluff Lake, July 23, 2006
Midwater Trawl Area 1 @8, 10m; Area 2 

@10, 20, 30m; Area 3 
@30m

7 2.3 Age-0 O. nerka 16 2.3 7.0

Age-1 O. nerka 1 0.1 0.4
Unidentified larval fish 10 1.4 4.3

Beach Seine Along shoreline 1 3-spine stickleback 59  
Sculpin sp 6 6.0

Dip Net Along shoreline 1 Sculpin sp 1 1.0
Minnow Trap Along shoreline 11 204 3-spine stickleback 122 11.1 0.6

Cutthroat trout 1 0.1 0.0
Sculpin sp 4 0.4 0.0

RIC Gillnet Floating offshore 5 48 Cutthroat trout 26 5.2 0.5
Swedish Gillnet Floating offshore 3 52 Age-1 O. nerka 5 1.7 0.1

Age-2+ O. nerka 2 0.7 0.0
Cutthroat trout 3 1.0 0.1

Whalen Lake, July 26, 2006
Midwater Trawl Area 1 @11, 12m; Area 2 

@10, 12m
4 1.7 Age-1 O. nerka 1 0.3 0.6

Minnow Trap Along shoreline 8 137 Dolly Varden char 9 1.1 0.1
RIC Gillnet Floating offshore 4 93 Age-1 O. nerka 8 2.0 0.1

Coho salmon 1 0.3 0.0
Dolly Varden char 19 4.8 0.2

Swedish Gillnet Floating offshore 5 108 Age-1 O. nerka 1 0.2 0.0
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Table 4.  Size of fish caught in the study lakes by the various gear types and preservation methods.

Weight (g) Length ( mm)²

Gear Taxa¹ Preservative Catch N Mean 95% CI Min Max N Mean 95% CI Min Max
Batchellor Lake, July 20, 2006

Midwater Trawl No catch
Beach Seine Cutthroat trout Formalin 19 19 3.5 2.3 0.3 14.0 19 51 13.0 28 100

Dolly Varden char³ Formalin 3 3 6.4 4.8 4.5 8.3 3 79 18.8 72 87
Minnow Trap Dolly Varden char³ Live 5 5 121 28.1 92 145
RIC Gillnet Cutthroat trout Live 56 56 242 10.0 113 325

Dolly Varden char³ Live 3 3 152 59.6 125 170
Swedish Gillnet Dolly Varden char³ Live 1 1 222 222 222

Red Bluff Lake, July 23, 2006
Midwater Trawl Age-0 O. nerka Ethanol 16 16 0.4 0.1 0.1 1.0 16 38 4.0 28 53

Age-1 O. nerka Ethanol 1 1 7.0 7.0 7.0 1 93 93 93
Unidentified larval fish Ethanol 10 10 10 1.0 7 12

Beach Seine 3-spine stickleback Formalin 28 28 0.7 0.1 0.2 1.5 28 41 2.7 29 52
Live 31

Sculpin sp Formalin 6 6 0.2 0.1 0.2 0.3 6 28 3.2 23 32
Dip Net Formalin 1 1 1.5 1.5 1.5 1 53 53 53
Minnow Trap 3-spine stickleback Live 122 122 49 0.8 39 59

Cutthroat trout  1 1 350 350 350
Sculpin sp Formalin 3 3 1.4 0.5 1.2 1.6 3 52 10.3 49 57

Live 1 1 60 60 60
RIC Gillnet Cutthroat trout Live 26 25 352 17.3 190 410
Swedish Gillnet Age-1 O. nerka Ethanol 5 5 11.1 4.6 6.2 16.3 5 105 11.6 91 115

Age-2+ O. nerka Ethanol 2 2 57.6 3.4 57.4 57.9 2 172 31.8 170 175
Cutthroat trout Live 3 3 476 81.8 438 496

Whalen Lake, July 26, 2006
Midwater Trawl Age-1 O. nerka Ethanol 1 1 3.4 3.4 3.4 1 74 74 74
Minnow Trap Dolly Varden char³ Live 9 9 111 9.7 94 131
RIC Gillnet Age-1 O. nerka Ethanol 8 8 9.3 1.4 6.7 11.7 8 100 5.6 89 112

Coho salmon Live 1 1 42.1 42.1 42.1 1 141 141 141
Dolly Varden char³ Live 19 9 39.4 23.9 16.0 117.5 19 189 47.8 96 494

Swedish Gillnet Age-1 O. nerka Ethanol 1 1 13.3 13.3 13.3 1 116 116 116
¹ Ageing based on length frequency analysis and is subject to change  after scale ageing is complete.
² Total length for sculpins and sticklebacks, fork length for all other taxa.
³ differentiated from bull trout by counting the branchiostegal rays (=<24, McPhail and Carveth 1999)
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Table 5.  Hydroacoustic estimates of whole lake fish abundance and density in the three study lakes in 2006.  Due to the presence of Chaoborus  in two of the 
lakes, estimates are based on tracked target hydroacoustic techniques, as well as TS analysis and net catches.

Lake Date

Surface 
area (ha) Transects 

(N)

Density Abundance ± 95% as 
prop. of  
estimate Comments / Net catchN/ha +/-95% N +/-95%

Batchellor Lake
Age-0 Kokanee July 21 574 7 0 No kokanee caught in any net sampling.  Chaoborus 

found on most transects.
Age_0 sized others 142 74 81,775 42,370  52% No fish caught in trawls.  Gillnets, minnow traps and 

beach seines caught Dolly Varden and cutthroat 
trout.

Age-1 to 3+ kokanee sized fish 26 14 15,079 7,806    52%
Large fish 7 14 4,100 8,135 198%

Red Bluff Lake
Age-0 Kokanee July 23 793 8 153 138 121,687 109,601 90% Chaoborus  not detected with sounder.
Age_0 sized others 0 Small larval fish below detection threshold of sounder 

and not included in estimate.
Age-1 to 3+ kokanee sized fish 55 27 43,455 21,156  49% Age-1+ kokanee caught in trawl and Swedish gillnets.

Large fish 4 6 3,442 5,126 149% Large cutthroat trout caught in gillnets

Whalen Lake
Age-0 Kokanee  July 26 2,134 13 59 22 125,803 46,921 37% No age-0 and only one age-1 kokanee caught in 

trawl.  Chaoborus  found on all transects.
Age_0 sized others 0 Only one kokanee caught in trawl, no other fish 

captured in trawls.
Age-1 to 3+ kokanee sized fish 95 19 201,934 40,044 20% Age-1+ kokanee caught in trawl and Swedish gillnets.

Large fish 22 8 46,251 17,424  38% Dolly Varden caught in gillnets
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Table 6.  Stomach contents and estimated fullness of fish collected from Red Bluff lake 
in 2006. There were inadequate catches from Batchellor and Whalen lakes for diet 
analysis.

Abundance Biomass

Prey item Mean #/stomach % of total # Mean wt 
(µg)/stomach

% of total 
wt

Age-0 kokanee
Daphnia 3.5 5.8 24 6.0
Bosmina 2.9 4.8 10 2.6
Holopedium 2.2 3.5 22 5.6
Diaptomus 46.2 75.3 314 78.9
Acanthocylops 6.5 10.5 16 3.9
Chironomid 0.1 0.1 12 3.0

Average stomach fullness = 22%

Threespine stickleback
Bosmina 1.3 2.6 6 1.0
Alona 5.5 11.1 2 0.4
Chydorus 17.1 34.6 16 2.8
Diaptomus 0.9 1.8 3 0.5
Acanthocyclops 20.4 40.9 41 7.1
Nauplii 0.2 0.3 - -
Chironomid 2.1 4.2 328 57.8
Terrestrial Insect 0.8 1.5 172 30.3
Worms, eggs 1.4 2.8 - -

Average stomach fullness = 22%
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Table 7  Estimated  biomass (wet weight) of trawl-caught planktivorous fish.

Lake Taxa
Density 
(n/ha)

Abundance 
(n)

Mean 
weight (g)

Biomass

kg/ha kg/lake
Batchellor1 Age-0 kokanee 0 0 -        -        -       

Other age-0 sized fish 142 81,775 0.4 0.1     33        
Age-1 & older sized fish 26 15,079 3.9 0.1     58        

Red Bluff2 Age-0 kokanee 153 121,687 0.4 0.1     49        
Other age-0 sized fish 0 0 -     -       
Age-1 & older kokanee 55 43,455 7.0 0.4     304      

Whalen3 Age-0 kokanee 59 125,803 0.4 0.02      51        
Other age-0 sized fish 0 0 -     -       
Age-1 & older sized fish 95 201,934 9.1 0.87   1,845   

¹ No trawl catch to apportion the acoustic estimate.  We used the trawl catch of age-0 kokanee in Red Bluff 
as an estimate of age-0 fish size. We used the weighted mean of age-0 size cutthroat trout and Dolly Varden 
char caught in beach seines as an estimate of age-1 and older sized fish
² Age-1 and older size is based only on a sample size of one.
³ No age-0 size fish in trawl.  We used the trawl catch of age-0 kokanee in Red Bluff as an estimate of age-0 
fish size. Age-1 and older fish size is based only a sample size of one.
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Table 8.  PR model predictions for Batchellor and Red Bluff lakes.

Estimated Survivals
Mean smolt weight (g)= 4.5

Eggs/female= 3,500
Egg-to-fry survival= 70%

Spring fry-to-smolt survival= 40%
Summer fry-to-smolt survival= 60%

Smolt-to-adult survival= 5%

Lake
Batchellor Red Bluff Whalen

Pr model inputs
Lake area (km²) 5.7 7.9 21.3
PRmean (mg·m-2·d-1)2 35 72 35
PRtotal ( t C/lake) 36 103 134
Measured non-sockeye biomass (kg)¹ 91 353 1,896

PR model predictions
Total limnetic fish biomass (kg) 1,626 4,691 6,111
Prop. of non-sockeye limnetic biomass 6% 8% 31%
PRtotal available to sockeye (t C/lake) 34 95 93
Total smolt biomass (kg) at capacity 1,536 4,338 4,216
 Smolt #'s (thousands) at capacity 341 964 937

Fry outplant strategy
# females used in egg take 100 300 300
 Fry (thousands) released in spring or summer 245 735 735
 Fry density (#/ha) at release 431 925 345
 Smolt #'s (thousands) from spring fry release 98 294 294
 Smolt #'s (thousands) from summer fry release 147 441 441
 % of rearing capacity used (spring release) 29% 30% 31%
 % of rearing capacity used (summer release) 43% 46% 47%
 Potential adult returns from spring fry release 4,900 14,700 14,700
 Potential adult returns from summer fry release 7,350 22,050 22,050
¹ - Non-sockeye biomass is based on tables 6 and 7 and includes age-0 kokanee, age-0 
sized fish and age-1 and older fish.  The implicit but untested assumption is that all will be 
competitors to sockeye salmon.
2 - PR was not measured in Whalen Lake.  For comparative purposes, we assumed Whalen 
PR was equivalent to that in Batchellor.
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Fig. 1.  Map of a portion of the British Columbia coast showing the location of the three 
study lakes.

29



Batchellor Lake

0 1.0 2.0 km

N

.1

Fig. 2.  Map of Batchellor Lake showing locations of the limnological sampling station
And the transects used for the acoustic surveys.
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Red Bluff Lake
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Fig. 3.  Map of Red Bluff Lake showing locations of the limnological sampling station, 
the transects used for the acoustic surveys, and the trawl sections.
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Fig. 4.  Map of Whalen Lake showing locations of the transects used for the acoustic 
surveys and the trawl sections.
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Fig. 5.  Temperature profiles obtained during the 2006 surveys. 
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Fig. 7.  Conductivity profiles obtained during the 2006 surveys.
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Fig. 8.  Dissolved oxygen profiles obtained during the 2006 surveys. 
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Fig. 9.  Nitrate profiles obtained during the 2006 surveys. 
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Fig. 12.  Vertical profiles of daily photosynthetic rates from Red Bluff Lake in 2006. 
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Fig. 13.  Vertical profiles of daily photosynthetic rates from Batchellor Lake in 2006. 
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Fig. 14.  Seasonal variation in picoplankton numbers and composition in 2006. 
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Batchellor Lake - October
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Batchellor Lake - July
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Batchellor Lake - August
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Red Bluff Lake - August
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Red Bluff Lake - July
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Red Bluff Lake - October
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Fig. 17.  Length-frequency plots of Daphnia from Batchellor and Red Bluff lakes.
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Whalen Lake - July
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Fig. 18.  Length-frequency plots of a: Daphnia from Whalen Lake, b: Chaoborus
From Batchellor Lake, and c: Chaoborus from Whalen Lake.
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Fig.19. Representative echograms of Batchelor Lake from transect 3 during the 
night and day. Targets appear denser at deeper depths due to the widening of the 
ensonified area with depth, for example sample volume increase from 0.5 m³ at   
5 m to 13 m³ at 25 m.

A. Transect 3 - night

B. Transect 3 - day
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Fig. 20. Representative echograms of Whalen Lake from transect 6 during the 
night and day. Targets appear denser at deeper depths due to the widening of the 
ensonified area with depth, for example sample volume increase from 0.5 m³ at 5 
m to to 13 m³.at 25 m³ , for example sample volume increase from 0.5 m³ at 5 m 
to to 13 m³.at 25 m.

A. Transect 6 - night

B. Transect 6 - day
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Fig. 21. Representative echograms of Red Bluff Lake from transect 3 during the 
night and day. Targets appear denser at deeper depths due to the widening of the 
ensonified area with depth, for example sample volume increase from 0.5 m³ at 5 
m to to 13 m³.at 25 m.
.

A. Transect 3 - night

B. Transect 3 - day
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Fig. 22.  Acoustic target strength of tracked targets in the study lakes, showing 
points used for separation of size/age classes.  Lengths are approximated using 
Loves +/- 45º aspect formula (Love 1977). There will be some overlap in age 
classes within each group.  Chaoborus and other single targets have been 
excluded.
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Appendix Fig. 1.  Bathymetric chart of Batchellor Lake. Not for navigational 
purposes, as there may be unmarked hazards.

Batchellor Lake
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Surveyed by: Projection: UTM Zone 9
Base Map: NTS 1:50000 map - Port Stephens 103H/5
Drawn by: Datum: WGS84

Benchmark: Maximum depth: 132 m

Surface Area:  5.67 km² Long Axis: 8.3 km Shoreline length: 18.8 km

J. Hume, S. MacLellan DFO
 Iron ring at SE end of lake - 5m away 
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Batchellor Lake        53.6341º N   129.7067° W :  Easting 9U 453267 Northing 5942833
Fisheries and Oceans, Canada
& Gitga'at First Nation
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Appendix Fig. 2.  Bathymetric chart of Red Bluff Lake.  Not for navigational 
purposes, as there may be unmarked hazards.
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Introduction 
An initial suitability assessment of several wild sockeye salmon populations as potential brood stock 
donors for a hanging lakes outplanting program was completed in 2006.  The initial criteria for selecting 
potential donor systems were primarily based on their proximity to the hanging lakes currently being 
investigated (Shortreed and Hume 2007).  Generally the choice of proximal donor systems was based on 
two interrelated assumptions.  First, we assumed that sockeye have adapted to the local ecological 
conditions in their natal lake system to optimize survival and growth and thus their overall fitness.  
Second, we assumed lakes in close proximity would, at a coarse level, have similar ecological conditions.  
Therefore, we felt donor proximity to the hanging lakes would be a useful first‐order criterion for 
selecting stocks that would have the best chance of successful growth and survival in the hanging lakes.  
This precluded our consideration of large North Coast sockeye populations such as Skeena River and 
Nass River as potential donors for this program.  However, we may reconsider these populations should 
our current investigations conclude that all proximal systems are not suitable donors. 

Based on this initial selection criterion, we further evaluated 7 wild sockeye populations to more closely 
asses their donor suitability (Figure 1).  Two additional parameters were evaluated as second‐order 
selection criteria. First, the conservation status of each potential donor was assessed.  Since eggs from 
up to 300 females may be required to initiate a successful outplanting program (Shortreed and Hume 
2007) we want to ensure that removing this number of females and gametes will not detrimentally 
affect or place excessive risk on the viability of the donor population.  Productive capacity of the lake 
nursery habitats of all the potential donor populations have been evaluated in recent years (Shortreed 
et al. 2001; Shortreed et al. 2002; Shortreed and Hume 2005; Hume and Shortreed 2006).  Based on 
productive capacity estimates, these authors further estimated the optimal escapements required to 
fully utilize nursery lake habitats.  Populations with escapements near or above optimal would be most 
suitable as donors; while those with consistently low escapement will be avoided.   

The second parameter assessed was pathogen prevalence.  The potential donor systems were screened 
for bacterial kidney disease (BKD) and infectious haematopoietic necrosis virus (IHNV).  These pathogens 
are prevalent in many wild salmon populations and can result in large‐scale mortality under stressed 
natural conditions or in culture facilities (McDaniel et al. 1994).  More germane to the hanging lakes 
program, fish infected with IHN and/or BKD should not be introduced into non‐natal waters due to the 
potentially harmful effects of pathogen transmission to the native fish community. 

An ancillary benefit of this project was the assessment of the conservation and disease status of several 
wild sockeye populations.  These small wild coastal sockeye systems are not commercially targeted, 
though some portion of their population is likely intercepted in mixed stock fisheries near the Skeena 
River.  Consequently, these systems receive very little assessment attention, yet their importance to First 
Nations as a food source and to the genetic diversity of sockeye cannot be overstated.  This program along 
with recent lake productivity work will continue to address the health of these stocks in addition to their 
potential as donors to an outplanting program. 



 

 

Figure 1. Map of a portion of the British Columbia coast with potential donor systems indicated by the red ovals and hanging 
lakes currently being considered indicated by blue ovals. 

Assessment of third‐order criteria is currently underway, though not available to report in this 
document.  We are comparing the detailed ecological parameters of potential donor systems to those in 
the hanging lakes.  While proximity suggests coarse level similarity between lakes, a detailed review of 
key physical, chemical and biological parameters is being completed to best match donors and hanging 
lakes.  Examples of such parameters will include: 

• Physical: stratification, thermal, and light characteristics,  

• Chemical: pH, dissolved oxygen, 

• Biological: preferred diet, zooplankton biomass and productivity, sockeye competitor and predator 
communities. 

This third‐order evaluation will be completed by the end of July, 2007. 

The specific objectives of the 2006 donor assessment were to evaluate the current conservation status 
and disease status of seven wild sockeye populations proximal to the hanging lakes.  This assessment 
currently eliminated 3 populations from further consideration and enabled us to prioritize the remaining 
4. 

Methods 

Study Sites 
Seven wild sockeye populations were assessed as potential brood stock donors for a hanging lakes 
outplanting program (Figure 1).  Six of the lakes are located on either Pitt Island or Banks Island 

Principe Channel 

Union Passage 

Douglas Channel 

Pitt 
Island 

Banks 
Island 



 

southwest of Prince Rupert and 5 of these watersheds drain into Principe Channel of the Pacific Ocean.  
Tsimtack/Moore, the other Pitt Island systems drains into Union Pass while Kitkiata is on the BC 
mainland and drains into a small inlet off Douglas Channel.  The Banks Island systems (Keecha and 
Kooryet) are underlain by the Banks Island geologic belt comprised of Jurassic era granodioritic and 
quartz monozonitic intrusive rocks.  The Pitt Island systems (Curtis, Devon, Mikado and Tsimtack/Moore) 
are primarily underlain by the Ecstall and McCauley Island Plutonic Suites comprised of early to mid‐
Cretaceous granodioritic and quartz dioritic intrusives.  Orthogneiss metamorphic rocks also underlie a 
portion of Curtis Lake.  The southern half of Kitkiata Lake is underlain by middle‐Devonian volcanic and 
sedimentary rocks while orthogenesis metamorphic rocks underlie the northern half (MEMPR 2007). 

The geographic and morphometric characteristics are similar among all the lakes (Shortreed et al. 2001; 
Shortreed et al. 2002; Shortreed and Hume 2005; Hume and Shortreed 2006; MOE 2007).  The lakes are 
all low elevation (Table 1.), ranging from 3m to 30m and rarely freeze‐over in winter.  Sizes of the 
systems are similar with lake surface areas ranging 1.8 to 3.4 km2, and watershed areas between 18 and 
73 km2.  Mean lake depth are only available for 3 of the lakes and they are all approximately 30m while 
maximum measured depths ranged between 50m and 75m. 

Table 1.  Geographic and morphometric characteristics of seven wild sockeye nursery lakes assessed as 
potential brood stock donors in 2006. Source: Shortreed et al. 2001, 2002; Shortreed and Hume 2005; 
Hume and Shortreed 2006. 

Lake System 
Latitude 
Longitude 

Elevation 
(m) 

Watershed 
Area (ha) 

Surface 
Area 
(km2) 

Mean 
Depth (m) 

Maximum 
Depth8 (m) 

Curtis 
53° 30’ 
129°50’ 

10  63.8  3.0  34  na 

Devon 
53°27’ 
129°44’ 

10  17.7  1.8  29  na 

Keecha 
53°18’ 
129°53 

11  61.7  3.4  na  62 

Kitkiata 
53°43’ 
129°17’ 

31  73.4  2.7  26  59 

Kooryet 
53°21 
129°59 

21  46.2  3.0  na  49 

Mikado1 
53°26’ 
129°45’2 

<30  20.7  2.73  na  65 

Tsimtack/Moore4 
53°24 
129°285 

3  66.6  4.76  na  757 

1.  This system includes three lakes 
2. Coordinates of middle lake 
3. Total of all three lakes 
4. This system includes two lakes 
5. Coordinates of Tsimtack Lake 
6. Total of both lakes 
7. Depth of Tsimtack Lake 
8. Maximum measured 

 



 

Basic physical and chemical characteristics of the lakes are also similar with the exception of Tsimtack 
and Moore lakes (Table 2).  Tsimtack Lake has only a shallow (<1m) surface lens of brackish water.  
Below this, down to 8m is a layer of oxygenated salt‐water underlain by anoxic salt water below 11m.  
The upper 12m of Moore Lake is freshwater which overlies oxygenated brackish water between 12m 
and 22m depth.  Below 27m, Moore Lake consists of anoxic salt water (Shortreed and Hume 2005).  The 
other lakes develop strong thermal stratification in summer typical of temperate lakes with measured 
thermocline depths ranging from 7m to 14m.  Euphotic zone depths varied between 6m and 9m 
(Shortreed et al. 2001; Shortreed et al. 2002; Shortreed and Hume 2005; Hume and Shortreed 2006). 

Table 2.  General physical and chemical characteristics of seven wild sockeye nursery lakes assessed as 
potential brood stock donors in 2006. Source: Shortreed et al. 2001, 2002; Shortreed and Hume 2005; 
Hume and Shortreed 2006. 

Lake System 
Thermocline 
Depth (m) 

Euphotic 
Zone Depth 

(m)  pH 
Alkalinity 

(mg CaCO3/L) 
Total 
Nitrate 

Total 
Phosphorus 

(μg/L) 
Curtis  8.3  6.3  6.2  1.1  10  2.3 
Devon  7.6  5.8  5.6  0.6  5  2.3 
Keecha  7.0  5.8  6.3  2.1  0.1  2.2 
Kooryet  8.0  8.8  6.0  1.0  0.1  1.4 
Kitkiata  7.0  6.8  6.2  4.4  1.5  5.5 

9.5  6.1  5.4  0.1  8.1  3.6 
12.0  5.8  5.6  0.1  10.1  3.2 

Mikado – Upper 
‐Middle 
‐Lower  13.6  5.9  5.6  0.2  10.4  3.7 

5.0  9.5  7.9  86.68  na  na Tsimtack/ 
Moore  6.0  8.7  6.1  1.5  na  na 

 

All the lakes, with the exception of Tsimtack, are poorly buffered resulting from their geologic setting 
and high rainfall (Table 2).  Consequently, pH levels are slightly acidic (5.6‐6.2) and alkalinity is very low 
(0.1‐4.4 mg CaCO3/L).   The very low dissolved nutrient levels in the lakes suggest they are all 
oligotrophic (Shortreed et al. 2001; Shortreed et al. 2002; Shortreed and Hume 2006; Hume and 
Shortreed 2006). 

The oligotrophic characteristic of the lakes are reflected in indicators of primary and secondary 
productivity (Table 3; Shortreed et al. 2001; Shortreed et al. 2002; Shortreed and Hume 2006; Hume and 
Shortreed 2006).  Chlorophyll concentrations were low with concentrations less than 2 μg/L in most of 
the lakes.  However; chlorophyll concentrations in Kitkiata lakes were 2‐5 fold higher than the other 
lakes at 3.4 μg/L.  Similarly Kitkiata Lake had several times higher daily photosynthetic rates (387 mg 
C/m2) than the other lakes which ranged between 23 and 103 mg C/m2.  Macrozooplankton biomass 
ranged more than 10‐fold among the lakes with the lowest biomass measured in Moore Lake (43 mg dry 
wt/ m2) and the highest in Upper and Lower Mikado lakes (both > 500 mg dry wt/ m2). 



 

 

Table 3.  General biological characteristics of seven wild sockeye nursery lakes assessed as potential brood 
stock donors in 2006. Source of Chlorophyll, PR, Zooplankton and Optimal Escapements: Shortreed et al. 
2001, 2002; Shortreed and Hume 2005; Hume and Shortreed 2006.  Source of Mean Escapements: 
Fisheries and Oceans, North Coast Area, Salmon Escapement Database.  

Mean 1996‐2005 
Escapement  2006 Escapement 

Lake System 
Chlorophyll 

(μg/L) 

Daily 
PR1 
(mg 
C/m2) 

Total Macro‐
zooplankton 
Biomass 

(mg dry wt/ 
m2) 

Optimal 
Sockeye 

Escapement 
based on 

PR1  # 
% of 

Optimal  # 
% of 

Optimal 
Curtis  1.24  103  80  10000  3422  34  93004  93 
Devon  1.79  103  77  6000  4370  73  24004  40 
Keecha  0.85  76  98  6500  2538  39  25004  38 
Kitkiata  3.43  387  67  23500  272  1  >1003  <1 
Kooryet  0.64  74  139  5600  2957  53  51004  91 

0.63  33  541  1344 
0.51  23  213  583 

Mikado – Upper 
‐Middle 
‐Lower  0.44  24  526  622 

33892  133  29002, 4  114 

na  192  na  9200  20  5 Tsimtack/ 
Moore  na  68  43  4900 

27755 
576 

6403 
136 

1. PR= Photosynthetic Rate 
2. Total for all three lakes 
3. Total for whole watershed based on single visual stream‐count 
4. Estimate calculated from 3 visual stream‐counts 
5. Total for whole watershed 
6. Assuming Tsimtack productive capacity is zero due to saline conditions. 

 

Sockeye Escapements and Conservation Status 
To determine whether sufficient females (i.e., approximately 300) required to initiate a large‐scale 
outplanting program could be removed from the potential donor systems without adversely affecting 
the population’s viability, we compared archived escapement records and 2006 escapements to optimal 
escapements required to fully utilize the productive capacity in the lakes.  Optimal escapements have 
been estimated based on measured photosynthetic rates (Shortreed et al. 2001; Shortreed et al. 2002; 
Shortreed and Hume 2005; Hume and Shortreed 2006).  Archived escapement records were used to 
calculate 5‐year running mean escapements for the potential donor populations between 1954 and 
2005.  While the quality of this data is known to vary temporally, it does provide a useful indicator of 
first‐order changes in conservation status.  Recent historical escapement has usually been estimated 
based on aerial counts (Dan Wagner, Fisheries and Oceans Canada, personal communication). 

We also completed more rigorous visual escapement estimates in all potential donor systems in autumn 
2006.  The area‐under‐the‐curve method (English et al. 1992) based on three visual stream counts over 
the spawning season was used to estimate escapement in 5 of the systems (Curtis, Devon, Keecha, 
Kooryet, and Mikado), while single visual counts were employed in Tsimtack/Moore and Kitkiata. 



 

Disease Analyses 
We evaluated the prevalence of bacterial kidney disease (BKD) and infectious haematopoietic necrosis 
virus (IHNV) in the potential donor populations.  Populations with IHN and/or high prevalence of BKD 
will not be considered further as potential donors.  Approximately 30 adults fish were captured from 
each system using a tangle gillnet from their spawning streams.  Fish were placed on ice immediately 
after capture and transported to the Fisheries and Oceans Pathology Laboratory in Nanaimo, BC within 
24 hours.  The choice of the number of fish sampled was based on being able to detect a 10% 
prevalence of the pathogens in each population (DFO 2004).  To initiate transplanting more rigorous 
testing is required to detect a 5% prevalence; however, the 10% criteria was considered sufficient for 
initial screening. 

Results 

Sockeye Escapements and Conservation Status 
Optimal escapements based on modeled photosynthetic rates in the nursery lake habitats varied nearly 
10‐fold among the potential brood stock donor systems assessed (Table 3).  At the extremes, number of 
spawning adults required to produce progeny that optimally use productive capacity in the Mikado Lake 
system is approximately 2500; while 23500 spawning adults are required in Kitkiata Lake.   Optimal 
escapements in the remaining systems were within a much tighter range of approximately 6000‐14000.  
The relatively high Tsimtack/Moore optimal escapement (i.e., 14000) is questionable since the PR model 
does not account for the brackish and saline conditions in these lakes which likely reduce productive 
capacity. 

Recent historical escapements in the potential donor systems have generally been below optimal 
escapements (Table 3; Figures 2a‐g).  Kitkiata escapement estimates have been near 1% of optimal for 
several decades, while escapements in the last decade in most of the other populations have been 
between 20% and 73% of optimal.  The Mikado system is the exception where recent estimated 
escapements have exceeded optimal levels since the mid‐1990s (Figure 2f).  In general, recent historical 
escapement estimates to the Principe Channel systems have been trending upwards since the lowest 
returns estimated in the mid‐ to late‐1980s.  The Curtis Lake population is the exception to the general 
trend among Principe Channel systems.  The Curtis escapements were substantially lower in the 1990s, 
but may be trending upwards since 2002.  In contrast to the Principe Channel systems, escapement 
estimates in both Kitkiata and Tsimtack/Moore have been consistently very low. 

Sockeye escapements estimated in 2006 were similar to recent historical estimates in that they were 
generally below optimal escapements (Table 3, Figures 2a‐g).  The 2006 escapements estimates can be 
classified into three general categories based on their relationship to optimal escapement.  Two 
populations (Kitkiata and Tsimtack/Moore) were <10% of optimal, a further two populations (Devon and 
Keecha were approximately 40% of optimal, and the remaining three populations (Curtis, Kooryet and 
Mikado) were >90% of optimal. 



 

 

 

   
 
 
 

 
 
Figure 2. Sockeye salmon escapements of seven coastal wild populations currently being considered as 
potential brood stock donors for a hanging lakes outplanting program.  The blue-line is the 5-year running 
mean escapement (source: Fisheries and Oceans, North Coast Area, Salmon Escapement Database), the 
red-line is the estimated optimal escapement based on photosynthetic rate modeling (source: Shortreed et 
al. 2001, 2002; Shortreed and Hume 2005; Hume and Shortreed 2006), and the blue-diamond is the 2006 
escapement estimated using visual stream counts. 
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Figure 2. continued. 
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Figure 2. continued. 
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  Figure 2. continued. 

Disease 
Adult sockeye from 5 of the 7 potential donor populations were analyzed for IHNV (Fielden and Slaney 
1990) and BKD prevalence.  Insufficient fish numbers were observed in both Kitkiata and 
Tsimtack/Moore to justify the lethal sampling required for these analyses.  Further, previous disease 
analyses found Tsimtack/Moore sockeye to be IHN‐positive (Fielden and Slaney 1990).  Between 27 and 
32 adult sockeye were submitted from each of the other systems for disease analyses.  Of these, only 
Kooryet was found to be IHN‐positive (Table 4).  Kooryet also had the highest proportion of fish (i.e., 13 
of 32) that tested positive to BKD.  In contrast, positive BKD tests were reported in 1 to 8 fish from the 
other four populations. 

Table 4.  Results of 2006 disease-screening from 7 wild sockeye populations currently being considered as potential 
brood-stock donors. 

System  No. Fish Analysed   IHN Prevalence  BKD Prevalence 

Curtis  30  All fish negative 

5 fish low positive 
1 fish medium positive 
1 fish high positive 
23 fish negative 

Devon   27  All fish negative  All fish negative 

Keecha  27  All fish negative 
1 fish low positive 
26 fish negative 

Kitkiata  0  Not analysed  Not analysed 

Kooryet  32 
Minimum of 4 fish and possibly 
all fish positive 

16 fish low positive 
3 fish medium positive 
13 fish negative 

Mikado  30  All fish negative 

3 fish low positive 
2 fish medium positive 
3 fish high positive 
22 fish negative 

Tsimtack/Moore  0  Not analysed  Not analysed1 

2006 Escapement estimate 



 

1. Previous investigations concluded that this sockeye population was IHN-positive (Felden and Slaney 
1990). 

Discussion 
Based on the results from the donor stock assessment completed in 2006, we have currently eliminated 
3 wild sockeye populations from donor consideration.  Both Tsimtack/Moore and Kitkiata have 
experienced very low escapements, both in absolute terms and in relation to their respective optimal 
returns. Consequently, we conclude that it would not be prudent to remove substantial numbers of 
brood stock to support an outplanting program.  In fact, more rigorous management and conservation 
intervention may be required to assist the recovery of these populations.  The elimination of the 
Tsimtack/Moore population will likely not be reconsidered since previous work also documented that 
this stock was IHN‐positive (Fielden and Slaney 1990). Future use of the Kitkiata population as a 
potential donor will only be considered following clear and consistent documentation of stock recovery. 

In addition, the Kooryet population has also currently been eliminated from future donor consideration 
since this stock is IHN‐positive.  This is likely to be a permanent elimination since, unlike escapement; 
disease status is unlikely to change over‐time.  Despite recent increasing escapement estimates and 
2006 escapement near optimal levels, the risk of significant ecological impacts to the resident fish 
community in the hanging lakes associated with IHN transmission currently precludes the use of this 
stock as a potential donor.  

We ranked the remaining four sockeye populations assessed (i.e., Curtis, Devon, Keecha and Mikado) on 
an interim basis.  These four populations had comparable disease profiles, thus the interim rank is 
largely based on conservation status.  The Curtis Lake sockeye population is currently the most 
preferred as a potential donor.  It had the largest escapement in 2006 of over 9000 adults which is >90% 
of the optimal escapement.  The 300 females required to initiate an outplanting program (estimated by 
Shortreed and Hume 2007) would only constitute approximately 7% of the total female escapement 
(assuming 1:1 sex ratio).  Although recent escapement estimates prior to 2006 were substantially lower, 
we have less confidence in these those estimates which were based on aerial observation rather than 
stream‐walks.  

The Mikado population ranked second as a potential donor.  Recent escapements have been 
consistently trending upwards and have been at or above optimal escapement since the early‐ to mid‐
1990s.  And the 2006 escapement estimate, also above optimal, was in‐line with recent historical 
escapements.  This suggests that females may be removed from the system without impacting stock 
viability.  However, the 300 females required equates to approximately 20% of the recent female 
escapement (assuming 1:1 sex ratio).  Consequently, long‐term use of this stock as a donor may not be 
sustainable. 

The Devon and Keecha populations were both ranked third as potential donors.  The recent escapement 
history in both these stocks is similar. Escapement trends have been increasing since the late‐1980s and 
early 1990s, with the trend more prevalent in the Devon population.  However, 2006 escapement in 



 

both systems was approximately 40% of optimal, and 300 females would equate to approximately 20‐
25% of total female escapement which would not be sustainable. 
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