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Abstract 
 
 
The objectives of this study were to determine the technical feasibility of establishing a self-
sustained anadromous sockeye population in Trapper Lake through modification of the present 
fish barrier (falls) coupled with the introduction of sockeye fry/gametes into the system. 
Trapper Lake was identified as a potential transboundary sockeye salmon enhancement site in 
1988 due to its apparent under-utilized sockeye fry rearing potential.  An enhancement project 
involving outplanted sockeye fry was initiated at the site in 1990 and terminated five years later 
due to lower than expected smolt production from the system.  Based on previous assessment 
data, work performed in 2003 and 2005 as well as the condition of kokanee currently in the 
system, it was determined Trapper Lake has under-utilized fry rearing capacity.  Evidence from 
other transboundary sockeye enhancement projects suggest  the low fry to smolt survivals 
experienced from 1991-1995 could have resulted from the fish culture and fry outplant 
techniques employed during that period.   
 
The initial engineering assessment indicated construction of a fishway at the barrier was 
technically and economically feasible.  The proposed fishway design was not accepted due to the 
perceived long term maintenance costs required to keep the fishway operational. A low 
maintenance design concept would be pursued if the project proceeds.  Several potential risks 
and benefits associated with the project were identified.  The more relevant biological risks 
associated with the project were loss of genetic discreteness of endemic Trapper Lake fish 
stocks, exposure of naïve stocks to pathogens, and ecological impacts from introduced species 
not endemic to the system.  Potential benefits identified included increased biodiversity and 
increased lake productivity from marine derived nutrients.  Other concerns included the 
unknown sockeye smolt production in the system, net potential benefits of the project, and 
potential objections from stakeholders, First Nations, and other members of the public.  It was 
recognized that many of the identified risks were not quantifiable.  Some of the risks would be 
uncontrollable and their effects could not be determined until after a sockeye run had been 
established in the system. 
 
It is recommended that a cautious stepped approach be employed with this project.  Resumption 
of small scale fry stocking into Trapper Lake, using refined outplant methods, would pose 
minimal biological risk but would allow a better estimation of the smolt production potential of 
the system as well as an opportunity to closely monitor impacts on the zooplankton community.  
Issues involving kokanee/juvenile sockeye behaviour, niche overlap, and resource competition 
could also be examined.  This should be accomplished before considering modifications to the 
barrier. 
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1.0 Introduction 
 
In accordance with Annex IV of the Pacific Salmon Treaty,1 a sockeye enhancement program 
was initiated for the Stikine and Taku Rivers in 1988.  The enhancement goal established by the 
Northern Panel of the Pacific Salmon Commission (PSC) was to increase annual sockeye salmon 
(Onchorynchus nerka) production in both the Stikine and Taku rivers by 100,000 adults in each 
system (PSC 1989).  Based on studies conducted in 1987 (TTC 1988), several potential 
enhancement projects were identified by the Northern Panel. The projects selected all involved 
collection and fertilization of sockeye eggs from donor stocks at the headwaters of the river 
systems, incubation of the eggs at the Snettisham Hatchery in southeast Alaska, and outplanting 
of the resultant fry into selected Canadian lakes identified as having underutilized sockeye fry 
rearing capacities. 
 
Trapper Lake was identified as a potential sockeye salmon enhancement site in 1988 due to its 
apparent under-utilized sockeye fry rearing potential (PSC 1988).  An enhancement project 
involving outplanted sockeye was initiated at Trapper Lake in 1990 and terminated five years 
later due to lower than expected outplanted sockeye smolt production.  As a consequence in 1995 
all the Taku River sockeye enhancement effort was transferred to Tatsamenie Lake, which at that 
time was perceived to have greater enhancement potential.  Since the abandonment of the 
Trapper Lake enhancement project, experience at the other Transboundary outplant candidate 
lakes indicated that the poor fry to smolt survival of the outplanted Trapper Lake enhanced fish 
may have been a function of outplant and fish culture techniques rather than the juvenile sockeye 
rearing potential of Trapper Lake (PSC 2001).  It was also observed that returning sockeye 
salmon from the enhancement program were nearly successful at negotiating a partial barrier 
near the outlet of Trapper Lake.  This, coupled with the identified presence of non-anadromous 
sockeye (kokanee), indicated that anadromous sockeye had negotiated the barrier in the past and 
may presently do so with favourable water conditions.    
 
The initial sockeye enhancement goals as detailed in Annex IV of the Pacific Salmon Treaty 
have not been realized (PSC 1998, 2001,TTC 2004).  At the February 2001 PSC meeting the 
Transboundary River (TBR) Panel offered a number of directives relating to the ongoing 
transboundary sockeye enhancement program.  One of these directives involved re-investigating 
the sockeye enhancement potential of Trapper Lake through the establishment of a self-
sustaining sockeye population.  Based on preliminary information known about the system, it 
was suggested that improving the access for returning sockeye to Trapper Lake could result in a 
sustained increase in production from the Taku River drainage conservatively estimated to be 
between 20,000 to 40,000 adult sockeye2.  
 
In 2003 the PSC Northern Fund began soliciting proposals from agencies, First Nations, and 
interested individuals for projects directed at salmon restoration and enhancement activities 

                                                 
1 Annex IV, Chapter 1, section (b) (iv) of the Pacific Salmon Treaty.  “Understanding Between the United States and 
Canadian Sections of the Pacific Salmon Commission concerning Joint Enhancement of Transboundary Salmon 
Stocks”  
2 Unpublished DFO Whitehorse memo summarizing from the directives of the Transboundary River Panel presented 
at the February 2001 Pacific Salmon Commission meeting in Portland Oregon.     
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within North Coast and Transboundary watersheds.   In response to this a proposal was 
submitted to and accepted by the Northern Fund to conduct a feasibility study aimed at 
investigating the requirements and implications of establishing a permanent sockeye run into 
Trapper Lake3.   This report details some of the results of the 2004/2005 feasibility studies.  
 
1.1 Location 
 
Trapper Lake is located at the headwaters of the Taku River system within the upper Kowatua 
Creek drainage (Figure 1) in northwestern British Columbia.  The lake lies on the eastern side of 
the coastal cordillera within a transitional area between coastal and interior biogeoclimatic zones.  
Trapper Lake is within a remote area of British Columbia and is accessible only by air.  The 
nearest towns of Atlin and Telegraph Creek are approximately 165 km and 110 km distant. 
 
 
1.2 Description of system 
 
Trapper Lake lies at an elevation of 790 meters, has a shoreline length of approximately 20 km, 
and a surface area of approximately 543 hectares.  The bathymetry of Trapper Lake is congruent 
with the steepness of the surrounding glacier scoured topography.   The lake has a mean depth of 
approximately 90 meters with a maximum of 124 meters.  Trapper Lake is ultra-oligotrophic and 
exhibits many of the physicochemical characteristics typical of lakes receiving seasonal inflows 
of glacially turbid water.  The area is subject to strong winds, the lake is persistently wind mixed 
and does not stratify. 
 
The Taku River system supports significant runs of chinook, coho, pink, chum, and sockeye 
salmon, as well as steelhead (TTC 2004).   The 1994-2003 annual average run size of Taku River 
sockeye was 254,000.  While it is doubtful that anadromous sockeye currently ascend the falls 
into Trapper Lake, Little Trapper Lake located 2 km downstream is a significant sockeye 
producer in the system.  It is estimated that the Little Trapper sockeye stocks contributed 21% or 
53,340 annually (1994-2003 average) to the total Taku River sockeye run size (TTC 2004).  A 
sockeye enumeration weir has operated at the outlet to Little Trapper Lake from 1983 through 
2004.  During this period annual spawning escapements have averaged 12,860 (range 6,000 – 
31,000).  Little Trapper Lake sockeye spawn in the inlet stream connecting Little Trapper and 
Trapper lakes, with 90% of the spawning within 1 km of the inlet (Figure 2).  The Little Trapper 
sockeye were the source of broodstock for the 1990 – 1995 enhancement project and are the 
probable broodstock source if fry/egg outplants resume.    
 
1.3  Objectives 
 
The eventual goal of the project is to provide improved and reliable access to Trapper Lake for 
returning adult sockeye salmon and establish a permanent self-sustained anadromous sockeye 
population in the lake.  The goals of the project are consistent with and will contribute to the 

                                                 
3  Under the terms of the proposal submitted, Fisheries and Oceans Canada (DFO - Whitehorse Stock Assessment 
Division) is the lead agency for the proposed project with the Alaska Department of Fish and Game as a 
participatory agency.  Brian Mercer, a contract biologist, is the project facilitator. 
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bilateral obligations to increase transboundary river sockeye production as per Annex IV, 
Chapter 1, section (b) (iv) of the Pacific Salmon Treaty. 
 
The specific objectives of the 2004 feasibility study were to:   
 
1. Implement a pre-engineering assessment to investigate and identify methods to improve 

accessibility to Trapper Lake for returning sockeye salmon. 
2. Summarize existing information and collect additional baseline biological data on Trapper 

and Little Trapper lakes and their respective sockeye/kokanee stocks. 
3. Estimate the adult sockeye production capacity of the Trapper Lake system.  
4. Identify potential biological risks and benefits of the project. 
5. Initiate application for appropriate licensing and permit approval. 
 
This report presents the methods and results of the 2004 and portions of the 2005 feasibility 
studies. 
 

2.0 Trapper Lake Falls Assessment 
 
2.1 Barrier Description 
 
The barrier restricting fish passage into Trapper Lake is located between Trapper and Little 
Trapper lakes approximately 700 meters downstream from the outlet of Trapper Lake (Figure 2).   
The obstacle consists of a vertical waterfall with a height of 2.2 m during average mid-summer 
flows (Figures 3 and 4).  The height of the waterfall increases to approximately 2.5 m when the 
level of the plunge pool decreases with seasonally reduced flows.  There are a series of cataracts 
immediately above and below the falls but these are not considered a significant hindrance to the 
passage of migrating sockeye salmon.    
 
During the adult migration period in 1999, several hundred returning sockeye were observed by 
the author in the plunge pool at the base of the falls.  These fish were attempting to negotiate the 
barrier (Figure 5).   It is probable these returning sockeye originated from the brood year 1994 
fry outplants to Trapper Lake.  It is not known if any of the returning sockeye were able pass 
above the falls.  Typically Little Trapper Lake origin sockeye do not ascend the inter-connecting 
stream as far as the barrier.  The principal spawning area for Little Trapper sockeye is located 
approximately 1 km. downstream of the falls (Figure 2). 
 
2.2  Methods 
 
In June and July 2004 the project facilitator contacted several Canadian and American engineers 
familiar with fishway design and construction.  After the consultation process the services of two 
engineers were engaged:  a) Mr. Ray Finnigan – a Professional Engineer recently retired from 
Fisheries and Oceans Canada (DFO).  Mr. Finnigan has extensive experience designing and 
implementing a wide range of fishery related projects.  He expressed a keen interest in the 
project and was willing to travel to the site and conduct a preliminary assessment.  b)  Mr. Don 
Beard – Mr. Beard is a Professional Engineer employed with the Engineering Firm Tetra Tech./ 
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KCM Inc. and is based out  of Juneau, Alaska.   Mr. Beard and Tetra Tech/KCM have extensive 
experience designing fishway projects for a variety of agencies in Southeast Alaska and 
Washington and Oregon.  
 
On August 4 2004, the engineers traveled to Little Trapper Lake via floatplanes from Juneau and 
Whitehorse.  Ron Josephson4 from the Alaska Department of Fish and Game (ADF&G) 
accompanied Don Beard and was part of the assessment team.  The following day they were 
escorted to the Trapper Lake barrier by the project facilitator.  Several hours were spent at the 
site taking and recording measurements, including pool depths, elevations, and flows.  Digital 
images, including several aerial images, were also collected.  
 
2.3 Results 
 
In August, after returning from the project site, the engineers collaborated, along with the project 
facilitator, to produce detailed plan and schematic drawings of a potential fishway design that 
would allow passage of returning sockeye salmon into Trapper Lake. While the engineers had 
somewhat varying ideas regarding the finer points of the fishway design, they both concurred on 
the overall general design concept.  Figures 5, 6, and 7 illustrate the proposed fishway design 
submitted by Mr. Finnegan and Mr. Beard.   A memo from Mr. Beard was sent to the project 
facilitator detailing the design concept and rationale.  This memo is appended in Appendix 1. 
 
The preliminary design submitted is of a typical stepped fishway (Stuart 1962).  It incorporates 
three stepped pools each with an elevation difference of approximately 0.7 m.  Concrete weirs 
separate the pools with offset outlets between successive pools.  The pools would be constructed 
by blasting the existing bedrock along with the construction of reinforced concrete berms.   
 
The final decisions on the exact locations and configurations of the fishway pools and weirs 
would likely be made onsite during construction. The upper pool in the fishway would be made 
as large as possible. This would allow the entrained air in the water column to escape thereby 
reducing the amount of entrained air in the water in the lower pools. The concrete deflector wall 
adjacent to the fishway pools would deflect the main flow of the river away from the fishway at 
moderate flows. The wall would make the fishway more passable at a greater range of flows and 
would reduce the amount of air-entrained water flowing into the fishway.  The existing deep 
plunge pool at the base of the falls was considered an important feature that should make it easier 
for fish to find the entrance and enter the fishway.  As a consequence of the deep plunge pool, 
the height over the first weir is 1 m whereas the other three drops are approximately 0.7 m.   
 
2.4 Discussion 
 
The proposed fishway design and configuration would require a significant amount of blasting. 
In one area, it may be necessary to blast down as much as 3 m.   A significant amount of 
concrete mix would be required as well, estimated at approximately 10 cubic meters with a dry 
weight of approximately 12,000 kg.  The preliminary engineering study did not include a 

                                                 
4   Ron Josephson is  a member of the U.S. Transboundary Technical Committee (TTC) and is the U.S. co-chair of 
the Enhancement Sub-committee of the TTC.. 
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detailed cost estimate.  However, a very approximate cost of construction of $300,000.00 CDN 
was suggested. 
 
From Trapper Lake the outlet stream follows the base of a steep mountain to the site of the falls.  
Immediately upstream of the falls is an area of active erosion that deposits unconsolidated 
material on an annual basis (Figure 9).   During periods of rare but not unprecedented flood 
events a fishway at this location would be exposed to deposition of large amounts of loose rock 
and woody debris.  Figure 9 illustrates a pool immediately downstream of the falls that was 
completely in-filled with rock during a flood event the author witnessed in 1993.  It is expected 
the fishway structure as designed would require annual inspection and periodic maintenance.  
The amount of maintenance required would depend on the frequency and severity of flood events 
and the quality of the construction.  It was noted that a fishway of this design could not be 
engineered to withstand and remain operable after severe flood events without ongoing 
maintenance.  
 
The preliminary fishway design was presented to members of the Transboundary Panel of the 
Pacific Salmon Commission (PSC) during the February 2005 PSC meeting in Portland Oregon.  
At this time several Transboundary Panel Members voiced concern about the amount of 
maintenance the structure may require.   It was noted by the project facilitator that any 
modification of the barrier to facilitate fish passage would have to be permanent.  If the returning 
fish were prevented from accessing their natal habitat once an anadromous run of sockeye were 
established the results ethically questionable and the benefits of the project would be curtailed. 
 
As a result of these discussions the project facilitator was advised to explore other options for 
barrier modification that would require little or no maintenance.  One option would be to blast a 
series of three steps from the existing rock ledges then construct a short berm across the lower 
end of the plunge pool at the base of the falls.  This berm would raise the height of the plunge 
pool by approximately 0.5 meters thereby reducing the overall elevation differential of the falls.  
Contingent on the project application procedures, it is anticipated that a mining engineer will be 
engaged to visit the site in August 2006/07 to advise on a blasting/construction strategy. 

3.0 Summary of Existing Trapper Lake biophysical Data  
 
3.1 Trapper Lake Sockeye Enhancement Activities 1989 –1995 
 
Trapper Lake, along with 11 other transboundary lakes was identified as a possible sockeye 
enhancement candidate during preliminary surveys in 1987 (PSC 1988).  From 1990 through 
1994 sockeye eggs were collected from Little Trapper Lake broodstock, incubated at Snettisham 
Hatchery in Alaska and the resultant fry planted in Trapper Lake.  A summary of egg takes and 
fry outplants by brood year is presented in Table 1.  The egg take methods and results are 
available in unpublished DFO reports (Mercer 1990 –1994).    
 
From 1989 through 1994 limnological and hydroacoustic surveys were conducted at Trapper 
Lake.  The frequency of the surveys ranged from 2 to 4 trips per year.   The methodology and 
timing of the surveys as well as results are outlined in several reports (PSC 1988, 1989, 1994, 
1998; Triton 1993).  The data collected included information on temperature profiles, water 
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chemistry (Phosphorus and Total Dissolved Solids), Secchi depths, zooplankton density and 
composition, beach seining, and hydroacoustic surveys combined with trawling to obtain fish 
population estimates.    In addition, a spring program for the sampling of out-migrating spring 
smolts was in effect from 1992 through 1995. 
 
3.2 Fish Pathology screening 
 
Coincidental with the egg takes the Little Trapper Lake broodstock were sampled for the 
presence of Bacterial Kidney Disease (BKD) and Infectious Haematopoietic Necrosis Virus 
(IHNV).   These pathology results are listed in Table 2.  The Little Trapper Lake sockeye stocks 
tested positive for BKD and IHNV for all years tested.  As is typical for most sockeye stocks 
there is significant inter-annual variation in the incidence and pathogen load.  The incidence of  
BKD and IHNV is similar to the other two transboundary sockeye stocks (Tahltan and 
Tatsamenie lakes) that have been tested (TTC 2004). 
 
Pathology screening on endemic Trapper Lake fish stocks has not been conducted to date.  This 
was due to the inability to capture spawning kokanee or other endemic species during the 2004 
field season.5 
 
3.3 Smolt Sampling   
 
Sampling of out migrating smolts occurred at Trapper Lake during the period 1992 through 1995 
and the results are presented in Table 3.  Smolt sampling also occurred at Little Trapper Lake 
from 1992 through 1997 (Table 4).   As evidenced by the smolt collection program the number 
of smolts exiting Trapper Lake during the sample years was not large.  The low smolt numbers 
(as well as concurrent low acoustic population estimates of juvenile nerkids) was the principal 
reason the program was discontinued in 1995.  Although the smolt numbers were low the 
average size of the Trapper Lake reared smolts was relatively high.  The mean size of age 1+ 
smolts exiting Trapper Lake was larger than for 3 other transboundary lakes (Figure 12).  This 
suggests the juvenile nerkid rearing capacity of Trapper Lake during this period was not the 
factor limiting stocked fry to smolt survivals.   
 
The cause(s) of the low fry to smolt survival at Trapper Lake was never determined.  However 
low fry to smolt survival also occurred at another transboundary outplant lake (Tatsamenie Lake) 
during the same period.  It was subsequently determined that this low survival was likely due (in 
part) to the hatchery emergence timing as well as the fry outplant technique (Riffe and Mercer 
2005; TTC enhancement sub-committee, unpublished data).   
 
3.4 Juvenile nerkid trawling, beachseineing and hydroacoustic population estimates. 
 
Sampling of Trapper Lake juvenile nerkids using beachseining and mid-lake trawling methods 
occurred from 1991 through 1995 and 2004.  The results of these surveys are presented in Table  
5.  The beachseine and trawl results suggest the existence of habitat partitioning between the 
resident and outplanted juvenile nerkids.  It appears the outplanted fry were predominant in the 
                                                 
5 Approximately 50 sexually mature Trapper Lake kokanee samples were collected during the 2005 field season.  
Pathological screening of these will occur in early  2006. 
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littoral areas as evidenced by the larger proportion of outplanted fry in the beachseine catches 
(Figures 10 and 11).   Based on trawl catches a greater proportion of kokanee fry were located in 
the limnetic zone.  However as noted below, the relative enhanced to wild ratios in the trawl 
samples are likely not representative of the total limnetic nerkid population due to the size bias of 
the trawling technique. 
 
Hydroacoustic juvenile nerkid population estimates were obtained at Trapper Lake during the 
years 1991,1992,1993,1994, and 2004. The average fall juvenile nerkid population for these 
years was approximately 93,000 with a 95% CI of 55,000 (Table 6).  From 1991 through 1994 
mid-water trawling was also conducted during the surveys in order to determine the proportion 
of enhanced sockeye fry in the lake.  The estimated number of enhanced fall fry was never large 
relative to the number of wild fry, indicating that enhanced fry mortality likely occurred close to 
the outplanting period.  The estimated enhanced fall fry population estimate may have been 
biased low due to the continued occupation of littoral zone habitat into the fall. 
 
The average annual population size of the wild nerkids (kokanee) over the five survey years was 
approximately 66,000.  This population would be represented by one, two, and three year old age 
classes.6  The mid lake trawl net samples are not likely representative as the technique used can 
be size selective with a tendency to capture the smaller fish within the population.  The Trapper 
Lake trawl samples are likely over-represented by the 0+ fry component of the population. 
 
3.5 Zooplankton Sampling 
 
Zooplankton sampling was conducted at Trapper Lake four times annually during the ice free 
season over the years 1988, and 1990 through 1995.  Zooplankton samples were also collected 
once in 2004.  Zooplankton sampling was part of the ongoing assessment segment of the 
transboundary sockeye enhancement program.  Zooplankton species composition and biomass is 
considered a leading indicator of sockeye fry rearing capacity and was considered a leading 
indicator to monitor the juvenile nerkid carrying capacity of the lakes involved in the sockeye fry 
outplanting program.   
 
The Trapper Lake zooplankton community is characteristic of a glacially impacted oligotrophic 
lake.  The zooplankton population consists predominantly of cyclopoids, rotifers and nauplii, 
with cyclopoids strongly influencing mean lengths and biomass (PSC 1998). Many researchers 
have indicated that preferred prey items for planktivorous nerkids are usually large bodied 
entomostracan planters such as cladocerans and calanoid copepods (Burgner 1991).   These 
plankton taxa are not found in Trapper Lake.  Relative to other Transboundary enhancement 
lakes Trapper Lake annual average zooplankton biomass is relatively low (Figure 13).7  However 
there are many sockeye nursery lakes with a relatively low zooplankton biomass and that do not 
contain these preferred plankters that nevertheless are substantial adult sockeye producers 
(Burgner 1991). 
 

                                                 
6 Field work conducted by the author in 2005 indicates the Trapper Lake kokanee become sexually mature at age 3+.    
 
7 The 2004 zooplankton biomass illustrated in Figure 13 represents only one sampling event in August. 
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The Trapper Lake zooplankton species composition and biomass fluctuates on a seasonal basis 
with peak zooplankton biomass usually occurring in August.  However, the mean annual 
biomass and species composition of the zooplankton population did not alter significantly during 
the years sampled; before, during, and after the enhanced fry outplants (PSC 1992, 1994, 1998).   
 
 
3.6  Physical Parameters 
 
Several physical limnological parameters were investigated at Trapper Lake as part of the 
ongoing transboundary assessment program.  These included water chemistry (total phosphorus, 
nitrates, pH), temperature profiles, dissolved oxygen, and secchi depths.  These sampling results 
have been detailed in previous reports (PSC 1992, 1998; Triton 1993).    
 

4.0 Potential Sockeye Production of Trapper Lake 
 
Several sockeye production models have been developed by researchers to estimate the juvenile 
sockeye carrying capacity of sockeye nursery lakes (Koenings and Burkett 1997, Stockner and 
Hyatt 1984).  The decision to implement a sockeye outplanting program at Trapper Lake was 
based on a euphotic volume production model that estimated a fall fry rearing capacity of one 
million (148/ha; PSC 1988).  Use of the estimated biostandard at that time resulted in a total 
annual adult sockeye production estimate of 96,000 (PSC 1988).    
 
The fry/smolt sampling conducted from 1990 –1995 suggest that the poor survival of the 
outplanted fry was not directly due to density dependent lake productivity limitations.  Fry 
growth and the size of the outmigrating smolts was high relative to other transboundary nursery 
lakes (Figure 12).  Intensive studies at Tatsamenie Lake from 1990 through 2005 indicate that 
the fry outplant technique employed during the 1990 –1995 period likely contributed to the low 
fry survival (PSC 1998; Riffe and Mercer 2005; unpublished TTC data).   
 
The euphotic volume models used to determine sockeye production in the transboundary sockeye 
nursery lakes are simplistic and have been demonstrated to have limited predictive value (PSC 
1998; Riffe and Mercer 2005).  Researchers have demonstrated that sockeye juvenile rearing 
behaviour can be quite complex, with a high degree of plasticity that is system specific. (Burgner 
1991).  Research at nearby Tatsamenie Lake has indicated the sockeye fry survival and resultant 
rearing potential is not limited by primary productivity and/or the zooplankton forage base (Riffe 
and Mercer 2005).  Evidence indicates that fry survival in this system is not density dependent 
but may be influenced by a complex synergy of littoral zone dipteran insect production, habitat 
partitioning, and predator/prey interactions. 
 
The limited data collected from beach seining and trawling at Trapper Lake from 1990 through 
1995 suggest that outplanted sockeye fry habitat partitioning occurred, with littoral area 
utilization during the summer shifting to partial utilization of the limnetic zone in early fall.   
 
Beachseine and acoustic data collected at Little Trapper Lake (PSC 1994) as well as personal 
observation by the author demonstrate that the fry of this sockeye stock remain in littoral areas 
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from June through August. This behaviour pattern is similar to that observed in many other 
sockeye nursery lakes (Burgner 1991), and is typical of the transboundary sockeye rearing lakes 
studied (PSC 1998; Riffe and Mercer 2005).   Little Trapper sockeye fry have been detected in 
the limnetic zone in September but do not exhibit diel migration in the water column typical of 
planktivorous fry, but rather were concentrated along the bottom portion of the lake (PSC 1998).  
The low zooplankton biomass (Figure 13), coupled with high fry densities likely resulted in the 
development of this rearing strategy; maximizing energetic benefit by keying on various life 
stages of insects rather than limnetic zooplankton.  Many researchers have demonstrated that 
juvenile sockeye may exhibit complicated seasonal and diel patterns of behaviour that varies 
greatly between populations in different freshwater environments (Burgner 1991).   Although 
there is plasticity in the juvenile behaviour of a given sockeye stock there is evidence that some 
aspects of fry behaviour are genetically stock specific.  Because of foraging energetics and risk 
of predation, there is likely extreme selection pressure for efficient foraging behaviour of 
juvenile planktivorous fish (Eggers 1978).   Data from 1990 through 1994 and sampling in 2004 
and 2005 suggest that the resident kokanee in Trapper Lake almost exclusively use the limnetic 
zone habitat (PSC 1998; Mercer unpublished data).  The morphology and limnological 
characteristics of Trapper and Little Trapper lakes are dissimilar with greater littoral area and a 
lower zooplankton standing crop in Little Trapper Lake.  Given the disparate behaviour of 
juvenile nerkids in the two systems and the paucity of data on the potential behaviour of 
anadromous sockeye fry in Trapper Lake, one must be circumspect about the potential sockeye 
smolt production of Trapper Lake.  Many past enhancement salmon enhancement programs have 
failed, often for unknown reasons (Burgner 1991).  It is possible that the juvenile rearing 
behaviour and resultant bio-energetics of Little Trapper Lake origin sockeye may be stock 
specific and less than optimal in the environment of Trapper Lake. 
 
If, as the data suggests (zooplankton densities and outmigrating smolt size), previous enhanced 
sockeye production was not density dependent, overall sockeye production in Trapper Lake may 
be limited by available spawning habitat.  The Little Trapper Lake sockeye are exclusively inlet 
stream spawners.  The only Trapper Lake inlet stream with identified spawning potential is 
Tunjony Creek.  Incubation water temperatures (Appendix 2) and comparison of the substrate 
with the inlet stream into Little Trapper Lake indicate Tunjony Creek could provide suitable 
spawning habitat (Figure 15).   Measurements taken at late fall water levels in 2004 yielded a 
total usable spawning habitat in Tunjony Creek of approximately 2,400 m2.  Based on available 
spawning habitat optimal escapement goals would be approximately 5,000.   Using a mean 
spawning density of 1 female/1m2  (Burgner 1991), and an assumed fecundity of 3,300 (Mercer 
1990-1994), total egg deposition is estimated at approximately 8,000,000.  Using existing Little 
Trapper Lake sockeye egg to adult production standards (TTC 2004), the annual adult production 
is estimated to range from 34,000 – 43,000.  It is probable the exploitation rate on this stock 
would be similar to the Little Trapper Lake stock (1983 –2003 average = 72%; TTC 2004).  This 
would yield an annual total allowable commercial catch of 24,000 – 30,000 fish.    
 
The above adult production estimates are derived using the limited  data that is currently 
available.  Many unidentified factors could influence the actual adult production capacity of the 
system. 
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5.0 Biological Risks and Benefits of the Project 
 
5.1 Biological Risks 
 
Several biological risks that may be associated with the Trapper Lake barrier modification 
project have been identified.  These risks include but are not limited to: 

1) Mixed stock fishery management concerns. 
2) Premature outmigration of fry to Little Trapper Lake.  
3) Competition for resources with endemic Trapper Lake species. 
4) Potential loss of genetic discreteness/diversity of endemic Trapper Lake species. 
5) Exposure of the system to  pathogens/parasites and fellow travelers it does not presently 

harbor. 
6) Ecological impacts from introduced species not endemic to the system, including disease 

outbreak, reduction in reproductive capacity, habitat alteration, competition, and 
predation. 

   
In spite of the enhancement monitoring program that occurred from 1989 through 1995 the 
understanding of the ecological dynamics of the Trapper Lake system is limited.  It is therefore 
difficult to assess and quantify the above identified risks in absolute terms.  The assessment of 
identified risks is open to subjective interpretation and conjecture.  However, it is reasonable and 
may be useful to rate the potential risk in relative terms such as low, moderate, and high.   

5.1.1 Mixed stock fishery management – Low Risk 
 
It is assumed that potential adult Trapper Lake sockeye would have similar run timing to the 
Little Trapper Lake donor stock.  It is recognized however that run timing of a given stock is 
dependent on factors such as egg incubation temperatures and optimal fry emergence periods 
(Burgner 1991).  It is possible there may be selective pressure on Trapper Lake origin sockeye to 
develop a run timing that is dissimilar to the Little Trapper sockeye.  However at this point the 
assumption is that Trapper Lake origin sockeye would exhibit similar run timing to the donor 
stock.  The majority of Little Trapper Lake sockeye migrate through the Canadian and U.S. 
Fisheries during the period June 25 though July 15 (TTC 2004).  There is little potential for 
overlap with Canadian or U.S. directed chinook and coho fisheries.  Taku steelhead do not enter 
the river in substantial numbers until mid-September and generally do not co-migrate with any of 
the Taku River sockeye stocks.  Interception of outmigrating steelhead kelts in commercial 
sockeye fisheries on the lower Taku River is possible.  Anecdotal reports of this occurring during 
the period mid to late June have been reported to the author.  However, given the run timing of 
the Little Trapper Lake sockeye stock through the lower Taku River - late June to mid-July (TTC 
2004) it is unlikely that increased fishing effort during this period would result in an increase in 
interception of outmigrating steelhead kelts. 
 
Given that the potential adult production capacity of Trapper Lake (20,000 – 40,000) would only 
constitute 10% - 15% of the total Taku River annual sockeye production it is unlikely other 
stocks of concern would be exploited at higher than current rates.  There is little opportunity for 
targeted U.S. and/or Canadian sockeye fisheries on this stock since the run timing of Little 
Trapper stocks overlaps considerably with other stocks (TTC 2004).   Therefore a precautionary 
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management approach would continue for Taku River salmon with emphasis placed on 
maintaining production from all wild stocks.     

5.1.2 Premature outmigration of fry to Little Trapper Lake – Low Risk 
 
Limnological data from Little Trapper Lake indicate the zooplankton population in the lake is 
heavily cropped by the endemic sockeye population.  This is evidenced not only by the low 
standing zooplankton crop and species composition but also by the relatively high sockeye fry 
densities and the small size of outmigrating smolts (PSC 1992 and 1998).  It is likely the sockeye 
fry rearing capacity of Little Trapper Lake has been reached and may currently limit production 
of this stock.  Premature outmigration of Trapper Lake fry into Little Trapper Lake would tax the 
forage base further and could reduce overall sockeye production in the system.   
 
Sampling of fry in Little Trapper Lake indicated that early outmigration of Trapper Lake planted 
fry occurred in 1991 and 19928.  However extensive sampling in 1993, 1994, and 1995 did not 
indicate the presence of outplanted fry in Little Trapper Lake.  The cause of the early 
outmigration of fry in 1991 and 1992 was not determined however the fry outplant methods in 
1991 and 1992 may have played a role.  It is recommended that if the program proceeds, 
fry/smolt sampling at Little Trapper Lake should be conducted for at least the first two years of 
fry outplanting to monitor premature outmigration of Trapper Lake fry. 

5.1.3 Competition for resources with resident Trapper Lake species. – Moderate Risk. 
 
Kokanee currently appear to be the most abundant fish species in Trapper Lake (PSC 1994, B. 
Mercer unpublished data).  Enhancement evaluation data from 1991 through 1995, and the recent 
2004 fish population surveys suggest there was some habitat partitioning between outplanted 
anadromous sockeye fry and the resident kokanee (Table 5).  Beachseining and mid-lake 
trawling results indicated that the outplanted fry predominated in the littoral area, and the 
kokanee were predominate in the limnetic zone  (Figures 10 and 11, Table 5).   The apparent lack 
of genetic introgression between the outplanted fry and the resident kokanee also suggests that 
some habitat partitioning may occur (Figure 14).  
 
It is not known where the Trapper Lake kokanee spawn. All inlet/outlet streams in the lake have 
been surveyed over several years for the presence of spawning nerkids but none have been 
observed.  As a result it is assumed that the resident nerkids are a lake spawning stock.9  Little 
Trapper Lake sockeye are an inlet stream spawning stock and it is assumed they would home to 
their natal area, which in the case of the outplanted fish, would be Tunjony Creek.    
 
In addition to sockeye it is probable that other fish and invertebrate species will be introduced 
into the Trapper Lake system if the barrier is modified.  Nine species of fish are known to occur 
at least seasonally in Little Trapper Lake and Kowatua Creek and only 4 species of fish are 
known to occur in Trapper Lake (B. Mercer unpublished data).  Competition between colonizing 
                                                 
8 In 1991 12%  (n=12) of the fry sampled were of enhanced origin, and in 1992 18% (n = 18) were enhanced (PSC 
1994). 
9 In Late October 2005, 4 spawned out kokanee carcasses were recovered washed up on the beach at the south end 
of the lake. 
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species and the endemic Trapper Lake species for habitat and food is a distinct possibility.   The 
four fish species resident in Trapper Lake are also known to occur sympatrically with the 5 other 
fish species in Little Trapper Lake.    
 

5.1.4 Loss of genetic discreteness of endemic Trapper Lake species. – Moderate risk 
 
Trapper Lake kokanee are genetically distinct from other identified Taku River sockeye stocks 
(Figure 14).  It is probable that they are reproductively isolated from the Little Trapper sockeye 
stock.   It is not known if this reproductive isolation would continue if Little Trapper Lake 
sockeye were allowed to colonize the system.   From 1991 through 1994 a total of 5,547,000 
Little Trapper Lake origin sockeye were planted into Trapper Lake.  Although the sample size 
was small (29), the genetic sampling conducted in 2004 indicated a relatively large genetic 
distance between the Trapper Lake kokanee and Little Trapper Lake sockeye.   This implies that 
genetic introgression between the two stocks did not occur as a result of the four years of fry 
outplants.  It is possible the two populations will remain distinct particularly if, as suspected, 
spawning remains temporally and spatially separate.  Sympatric but genetically distinct and 
reproductively isolated populations of anadromous sockeye and kokanee have been documented 
in other systems (Wood et al. 1999, 1996).   
 
It is possible that over time components of the colonizing anadromous sockeye population would 
“residualize” and adopt a wholly freshwater existence.   This has been observed in another 
Transboundary Lake that received outplanted sockeye fry (PSC 2000; Beere 2001).  
Residualized anadromous sockeye are usually males, mature earlier than their anadromous 
counterparts, and do not develop strong secondary sex characteristics at time of spawning 
(Burgner 1991).  There does not appear to be any evidence introgression occurred as a result of 
the fry outplants from 1990 – 1994.  From the authors fisheries related work with the  Little 
Trapper Lake sockeye stocks over the period 1980 through 2005 there has been no  evidence of 
residualization in the system.  The possibility of genetic introgression between the two stocks is 
present but its probability of occurring would be difficult to quantify. 
 
While it is known that the Trapper Lake kokanee are genetically distinct from the Little Trapper 
sockeye stock it is not known if other resident fish species in the system are sufficiently distinct 
from fish populations downstream of the barrier to rank as being separate “races” or sub-stocks.  
It is probable there has been some genetic exchange through uni-directional passive and/or active 
migration of fish out of Trapper Lake.   

5.1.5 Exposure of the system to non-endemic pathogens/parasites and fellow travellers   – High 
Risk. 
 
The 1990 –1994 collection and fertilization of gametes from Little Trapper Lake broodstock and 
the incubation and outplanting of the resultant fry followed strict disinfection protocols to 
minimize the incidence of disease transmission.  These fish culture protocols (McDaniel et al. 
1994) would be used if eggs and/or fry were transplanted into the lake.  The probability of 
pathogens being introduced into the system from these outplants, is considered low. 
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There is however a high probability of exposing the system to pathogens and parasites through 
returning anadromous salmonids and other co-migrating species.  It is known that the Little 
Trapper sockeye stock harbor the Infectious Haematopoietic Necrosis (IHN) virus as well as 
Bacterial Kidney Disease (BKD) (Table 3).   The incidence of these pathogens exhibits wide 
annual variations and in some years the incidence and pathogen loads are relatively high.  It is 
not known if these pathogens are present in the endemic Trapper Lake fish species.  Pathological 
screening of Trapper Lake resident fish species for the presence of these and other pathogens and 
parasites will occur in 2005 and results should be available in early 2006. 
 

5.1.6 Ecological impacts from introduced species and/or eco-types not endemic to the system. – 
High Risk 
 
The probability that there will be ecological impacts on the Trapper Lake system as a result of 
modifying the current migration barrier is quite high.  These impacts could result from new 
pathogen/parasite exposure, reduction in reproductive capacity, habitat alteration, increased 
competition for habitat and resources, and predation.   Some potential impacts could be viewed 
as positive.  These include an increase in trophic levels and overall bio-diversity within the 
system as well as increased lake productivity from marine derived nutrients.  The scope and 
nature of any potential impacts from a range extension of species or eco-types into the Trapper 
Lake system are difficult to determine and likely impossible to quantify given the current level of 
knowledge of the system.  
 
There are many documented examples of the negative impacts on an ecosystem of introduced 
organisms (Williams 1998; Hengeveld R. 1989).   The impact of the introduction of novel 
species into a system is complex and often system and species specific.  Often these effects are 
subtle and are difficult to quantify.  The impacts of species introductions may also take 
considerable time before manifestation.  In general the most “harmful” or problematic invasive 
species are usually those not endemic to the region; those introduced species that have not co-
evolved with the organisms currently in the system.  It is probable the aquatic species 
assemblage in Trapper Lake co-existed in their recent evolutionary past with any species that 
could potentially extend their range from the lower reaches of the system.  
 
Negative ecological impacts could result from:  

• The introduction of pathogens/parasites to the endemic stocks that have not had previous 
exposure.  The impact of the introduction of pathogens and/or parasites into a system 
with naïve stocks is dependent on many factors.  These include the type and strain of the 
pathogen/parasite, inherent resistivity of the stock, as well as other environmental and 
density dependent factors.   

• Competition for habitat and resources.  It is very likely there will be some niche overlap 
between Trapper Lake kokanee and anadromous sockeye fry.  Introduced sockeye fry 
would likely be the only colonizing planktivorous species that would compete directly 
with the resident kokanee. The premise of the proposed Trapper Lake barrier 
modification project is to allow access for anadromous sockeye to make use of under-
utilized fry rearing habitat and un-used spawning habitat in the system.  Euphotic volume 
and phytoplankton models used during the initial lake assessment (PSC 1988, Koenings 
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1987, Stockner 1978) suggest the lake currently has under utilized juvenile nerkid 
carrying capacity.   The relative size of previously sampled smolts and resident nerkids 
also supports this assumption. 

• Colonization of the lake by other piscivorous species could theoretically result in an 
increase in predation on endemic stocks in the lake.  Allowing access to sockeye salmon 
could also see the introduction of juvenile coho salmon (Onchorynchus kisutch), chinook 
salmon (Onchorynchus tshawytscha) and rainbow trout (Onchorynchus mykiss).  Two 
species of piscivorous fish, dolly varden (Salvelinus malma) and lake trout (Salvelinus 
namaycush) are currently resident in the system.   

 
5.2 Biological Benefits 
 
The potential benefits of extending the range of anadromous fish into Trapper Lake could 
include increased bio-diversity within the system and increased primary and secondary 
production in the aquatic and surrounding terrestrial ecosystems resulting from input of marine 
derived nutrients (MDNs). 

5.2.1 Increased Bio-diversity 
 
It is probable the introduction of anadromous fish and other fellow travellers will result in an 
increase in the number of species, functional groups, and trophic levels within the system. The 
effect that potential introductions will have on biodiversity is dependent not only on the system 
and its endemic species but on the ecology of the species being introduced.   
 
Many studies have examined the positive relationship between species richness and ecosystem 
functioning (Morin 2004).  In general there is a consensus that increased biodiversity in both 
aquatic and terrestrial ecosystems contributes to stability in population dynamics, responsiveness 
to environmental change, and increased efficiency between producers and consumers.    
 
 5.2.2  Marine Derived Nutrients 
 
There is a growing body of evidence indicating that Pacific salmon transport significant 
quantities of nutrients derived from marine sources into freshwater systems (Bilby et al. 1996; 
Donaldson 1967; Larkin 1997).  These MDNs enter the aquatic and terrestrial systems during 
and after the spawning process through excretion, gamete release, and carcass decomposition.  
Once released the nutrients become available in the food webs of the surrounding aquatic and 
terrestrial ecosystems.  Bilby et al (1996) indicated that in headwater streams containing 
heterotrophic species, up to 40% of the nitrogen in the food chain is marine derived, having been  
released from coho salmon carcasses.  Donaldson (1967) demonstrated through a mass balance 
approach that sockeye salmon derived phosphorus accounts for up to 60% of the annual 
phosphorus loading into Illiamna Lake, the single largest sockeye producing lake in Alaska.  The 
process of nutrient inputs, uptake, and recycling is complex and can be highly variable between 
systems.   However, in most cases aquatic systems derive a net nutrient benefit and higher 
primary and secondary productivity as a result of MDN inputs.   
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The importance of MDNs to system productivity is dependent on many variables including, but 
not limited to, lake and/or stream morphology, thermal stability, flushing rates, water chemistry, 
nutrient cycling characteristics, and non-MDN inputs.  Trapper Lake is a deep, cold, glacially 
impacted relatively unproductive ultra-oligotrophic lake.   It is typical of lakes that do not stratify 
because of mechanical turbulence (persistent wind mixing) and that receive seasonal inputs of 
cold glacially turbid water. Although total phosphorus levels are relatively high, reaching mid-
summer levels of  20 –25 ug/L (Triton 1993; PSC 1994), the majority of the phosphorus is 
suspended mineral phosphorus in the glacial silt and is generally not available as a nutrient for 
phytoplankton.  Therefore, despite high phosphorus levels primary productivity is relatively low.  
Chlorophyll  levels in Trapper Lake are typically not high, reaching late summer levels of 1-2 
ug/L (PSC 1989 and 1994).  However, generalizations must be made cautiously since 
chlorophyll levels in Trapper Lake range broadly (0.5 - 3.2 ug/L) depending on the time and 
place the samples were taken (Triton 1993; PSC 1994). Chlorophyll levels would likely increase 
after periods of calm clear weather particularly in late summer/fall when glacial runoff has 
decreased. Depending on prevailing conditions, phytoplankton productivity may not be limited 
by nutrient levels but rather by thermal stability and light penetration.  To date phytoplankton 
and water chemistry sampling regimes have not been sufficiently comprehensive to determine 
with certainty if current nutrient levels are indeed limiting primary productivity in Trapper Lake.   
 
One measurement used as a lake productivity index as well as a management tool is relative fish 
condition factor (Anderson 1996; Willis 1989).  The condition factor of lake trout from Trapper 
Lake is typically low.   The condition (K)10 factor of lake trout captured in a 2004 gillnet and 
2005 angling surveys averaged 0.90; n= 17 (B. Mercer unpublished data and TRTFTR 2004).  
These fish are characterized by large heads and thin bodies (Figure 12).  This lake trout 
morphology has been noted by the author in past years and is considered typical of this species in 
Trapper Lake.  

 
By contrast the condition of age 3+ kokanee captured by seine net in 2005 indicate the condition 
factor is relatively high with an average of 1.16.  Figure 13 illustrates the typical body condition 
of the age 3+ kokanee captured.    
 
Although the morphology of these fish is thought to be representative, it should be noted that 
these samples are not temporally or age representative. The difference in the condition of the two 
species could be due to several factors and may be unrelated to lake primary productivity.  
Comprehensive quantitative dietary analysis has not been performed on any of the Trapper Lake 
fish species.  Anecdotal observations by the author and others (TRTFTR 2004) indicate 
chironomid larvae, mollusks, and rodents are known dietary items of the lake trout in Trapper 
Lake.   Studies of lake trout at a nearby lake (Tatsamenie Lake), with similar bio-geographical 
characteristics demonstrated seasonal dietary shifts of targeted prey items, with invertebrates 
composing 70% of the total diet and juvenile nerkids 29%  (Riffe and Mercer 2005).  It is 

                                                 
10 A simple fish condition factor K = W*105 / L3 where W = round weight in gms and L = fork length in 

mm.  Higher numbers denote better (“increase in fatness”) body condition.  It is a technique best used for 
instraspecific comparison. 
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possible the relatively poor condition of the lake trout is due to trophic limitations.  The Trapper 
Lake hydro-acoustic population estimates of potential prey (juvenile nerkids) for piscivorous fish  
is relatively low compared to other transboundary lakes surveyed (PSC 1998, TTC 2004). 
 

6.0 Conclusions 
 
The initial feasibility studies directed at modifying the Trapper Lake falls and the establishment 
of a sockeye run into the system have indicated that the project is theoretically feasible.  
However, it has also resulted in the identification of several concerns associated with the project.   
 
The initial engineering assessment demonstrated that construction of a fishway allowing access 
to anadromous sockeye is possible.  However, the design concept presented by the engineers was 
not considered practical or cost effective because of the level of maintenance that would likely 
be required to keep the structure operational.  Further consultation with engineers indicates that 
modification of the barrier allowing fish passage could likely be achieved without the 
construction of a standard concrete stepped fishway.  If the project proceeds past the fish 
transplant application stage, further engineering assessments should be performed with the goal 
of developing simple low maintenance fishway designs. 
 
Several legitimate concerns are associated with the project.  In addition to the identified potential 
biological risks other matters of interest include:  

• The net potential benefits to Canada and/or the U.S.  This includes determining the 
potential adult sockeye production achievable from the project. 

• Do the proponents have a “social licence” to implement the project.  Are affected 
stakeholders, First Nations, and others opposed to the project?  If so, why? 

 
Several of the concerns identified may be considered as uncontrollable risks, meaning the project 
may have to implemented and monitored before potential negative and/or positive impacts could 
be determined.  This is likely the case with some of the identified biological risks such as 
introduction of new fish species, pathogens, and other fellow travelers.   Many of the potentially 
positive or negative impacts may not be apparent for many years after the project is initiated.  
For instance, although genetic introgression of kokanee and sockeye did not occur as a result of 
the 1991-1995 fry outplanting, this question may only be answerable many years after the 
establishment of an anadromous sockeye population.  
 
The net benefits of the project are not limited to increased sockeye catches.  Benefits could also 
result to Canada and the U.S from the joint enhancement and management activities the project 
supports.  The present current Salmon Treaty agreement was predicated, in part, on 
establishment of a joint transboundary sockeye enhancement program.  It is beyond the scope of 
this report to investigate the political ramifications and less tangible benefits associated with this 
project.  Moreover this report does not deal with social licencing issues.  It is the responsibility 
of the PSC Transboundary Panel members and indirectly the Transplant Committee members, to 
investigate and make determinations on the net benefits and the social consequences of the 
project.  
 



  17

It is recommended that a cautious stepped approach be adopted toward this project.  Some of the 
uncertainty relating to potential smolt production and biological risks could be examined through 
the resumption of sockeye fry outplanting into Trapper Lake.  Close monitoring of the outplanted 
sockeye fry11 behaviour, growth as well as smolt production could help clarify the actual fry 
carrying capacity and smolt production potential of the lake.  As well, it could answer questions 
related to kokanee/sockeye interactions such as competition for resources and niche overlap.  
Two years of fry outplants of approximately one million per year combined with extensive 
monitoring would likely result in a clearer understanding of these issues.  If the results indicated 
smolt production capacity existed and a better understanding of risks to the kokanee population 
were obtained, then further applications could be made to increase the size of the fry outplants as 
well as to modify the barrier to allow the eventual passage of the returning adults. 
 
The biological risks associated with the resumption of small scale fry outplants to Trapper Lake 
is likely quite low based on the previous outplant experience at this site.  The stringent sockeye 
disinfection protocol as well as the Canadian fish health guidelines regarding culture and 
transplanting of fish should preclude any pathological concerns.  The previous outplants 
indicated relatively high growth of the outplanted fry and a non-observable impact on the 
plankton community.  The number of adults that would be returning to the barrier would be 
relatively low likely in the order of 3,500 –7,000 assuming an egg to adult biostandard of 1% - 
2% survival.  If ascension of the barrier were impossible these fish would likely drop back 
downstream and spawn with the little Trapper stock from which they were derived.  
 

                                                 
11 Fry outplanting techniques would emulate those used at other transboundary lakes that have produced the best fry 
to smolt survivals. 
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Figure 1. Location of Trapper Lake within the Taku River Watershed.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Location of falls between Trapper and Little Trapper lakes. 
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Figure 3.  Falls between Trapper and Little Trapper lakes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Aerial view of falls. 
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Figure 5.  Sockeye leaping at base of falls. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 6.  Aerial view of proposed fishway layout. 
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Figure 7.  Plan view of proposed Trapper Lake Fishway. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Sectional view of proposed Trapper Lake Fishway.   
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Figure 9.  Area of active erosion upstream of falls. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Trapper Lake juvenile nerkid ratios in beachseine samples, 1992 – 1995 (Source PSC 
1998). 
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Trapper Lake Nerkid Ratios
Mid-Lake Trawl Samples 1992-1995
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Figure 11.  Trapper Lake juvenile nerkid ratios in mid-lake trawl samples, 1992 – 1995. (Source: 
PSC 1992, 1998). 

 

Figure 12.  Mean weight of sockeye smolts sampled from five transboundary lakes over all years 
sampled (Source: TTC 2004, PSC 1998).
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Figure 13.  Mean zooplankton biomass of 5 Transboundary lakes over all years sampled (Source: 
TTC 2004; PSC 1998). 

 

Figure 14.  Dendrogram of relative genetic distance between Taku River sockeye stocks (Source:  
J. Candy, Pacific Biological Station, Nanaimo, B.C.). 
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Figure 15.  Tunjony Creek looking downstream, 150m upstream of Trapper Lake. 
 

 Figure 16.  Lake trout recovered from Trapper Lake Oct. 2005. 
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Figure 17.  Kokanee captured from beach seine, Trapper Lake 2005. 
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Table 1.  Little Trapper Lake sockeye egg take and fry delivery results, 1990 – 1994 (Source: 
TTC 2004). 
 
Brood Year Green Eggs Eyed Eggs Disease Loss Emergent Fry Fry Transport First Date Last Date

1990 2,313,686 2,020,843 1,001,250 944,913 933,791 6/8/1991 6/22/1991
1991 2,952,934 1,862,662   1,820,398 1,810,998 6/5/1992 6/11/1992
1992 2,520,953 2,054,881 917,303 1,113,578 1,113,128 6/13/1993 6/22/1993
1993 1,173,660 950,853   916,622 916,083 6/16/1994 6/24/1994
1994 1,117,249 837,316     773,375 6/21/1995 7/3/1995

Average 2,015,696 1,545,311 959,277 1,198,878 5,547,375   
        
 
 
Table 2.  Little Trapper Lake sockeye broodstock disease profiles, 1988 – 1994 (Source: PSC 
1998). 
 

  BKD   IHNV   IHNV   
       Positive   Positives greater than   

Brood Sample Percent Sample   or equal to 104 pfu   
Year Size Positive Size Percent Number Percent 
1988 2/60 3.30% 52/60 86.70% 23/52 44.20% 
1989 no egg take           
1990 20/150 13.30% 146/152 96.10% 113/146l 77.40% 
1991 9/150 6.00% 20/150 13.30% 5/20 25.00% 
1992 1/153 0.70% 146/150 97.30% 126/146 86.30% 
1993 10/150 6.70% 90/150 60.00% 47/90 52.20% 
1994 10/150 6.70% 50/148 33.80% 16/50 32.00% 

Average   6.12%   64.53%   52.85% 
 
 
 
Table 3.  Trapper Lake enhanced sockeye smolt age class, length, and weight; 1992 – 1996 
(Source: PSC 1998). 
 

Sample  Age Sample Brood  Percent Length   Weight  
year  size year  (mm) (g) 

1992 Sampling occurred, but no smolts were captured in 1992 
1993 1 1 1991  100b 67.0 3.4 

 2 0 1990 0 - - 
 3 0 1989 n/a   

1994 1 10 1992 26.3 71.3 3.6 
 2 27 1991 71.1 107.0 12.4 
 3 1 1990 2.6 142.0 26.9 

1995 1 10 1993 6.1 84.7 6.0 
 2 147 1992 89.1 111.0 13.7 
 3 7 1991 4.2 134.6 23.9 
 4 1 1990 0.6 167.0 44.7 
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Table 3.  Continued 
Sample  Age Sample Brood  Percent Length   Weight  

year  size year  (mm) (g) 
1996 1 89 1994 87.9 93.8 7.6 

 2 12 1993 12.1 121.7 17.2 
1997 Sampling occurred, but no smolts were captured in 1997 

Average   
 1   40.1 79.2 5.1 
 2   43.1 113.2 14.4 
 3   3.4 138.3 25.4 
 4   n/a 167.0 44.7 

 
 
Table 4.  Little Trapper Lake wild and enhanced sockeye smolt age class, length, and weight; 
1992 – 1996 (Source: PSC 1998). 
Sample  Origin Age Brood  Percent Length   Weight  

year   year  (mm) (g) 
1992 Wild 1 1990 70.8 69.8 2.9 

  2 1989 22.1 95.3 7.8 
 Enhancedb 1 1990 7.1 69.9 2.9 
  2 1989  No outplants until BY 1990 

1993 Wild 1 1991 71.0 59.0 2.1 
  2 1990 25.0 82.3 5.0 
 Enhanced 1 1991 1.0 54.0 1.3 
  2 1990 3.0 86.0 5.4 

1994 Wild 1 1992 88.8 59.9 1.7 
  2 1991 8.4 81.3 4.0 
 Enhanced 1 1992 2.1 54.7 1.4 
  2 1991 0.7 70.0 2.5 

1995 Wild 1 1993 64.1 66.5 2.8 
  2 1992 33.1 80.9 4.8 
 Enhanced 1 1993 0.4 69.0 3.2 
  2 1992 2.5 110.7 13.4 

1996 Wild 1 1994 90.4 61.6 2.0 
  2 1993 5.2 86.0 5.2 
 Enhanced 1 1994 1.7 69.7 3.5 
  2 1993 2.3 124.5 19.6 

1997 Wild 1 1995 96.0 73.9 3.4 
  2 1994 4.0 92.1 6.7 

1998 Sampling at Little Trapper Lake was discontinued in 1998.
Average Wild 1  65.1 2.5 

  2  86.3 5.6 
 Enhanced 1  63.5 2.5 
  2  97.8 10.2 
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Table 5. Beach seine and trawl sampling results at Trapper Lake, 1991 – 2005. 
 

                        Wild fry Enhanced Fry  
Sampling Capture Mean Mean   Mean Mean   

date method length (mm) weight (g)a n % length (mm) weight (g)a n % 

19-Jun-91 beach seine 30.0 0.09 1 3 30.0 0.10 34 96 
16-Jun-91 Beachsiene 31.3 0.24 3 5 34.0 0.39 58 95 
16-Jun-91 trawl age 0+ 43.7 0.67 10 59 31.7 0.26 7 31 
14-Aug-91 Beachsiene 54.0 1.50 1 2 42.0 0.63 68 98 
16-Sep-91 trawl age 0+ 52.1 1.69 14 50 54.0 1.70 14 50 

          
20-Jun-92 beach seine 0.0 0.00 0 0 29.2 0.13 75 100 
4-Aug-92 beach seine 0.0 0.00 0 0 39.6 0.44 89 100 

23-Aug-92 beach seine 0.0 0.00 0 0 44.4 0.68 100 100 
21-Sep-92 beach seine 0.0 0.00 0 0 53.6 1.13 100 100 
22-Sep-92 trawl age  0+ 41.0 0.51 14 28 52.0 1.03 14 29 
22-Sep-92 trawl age  1+ 80.2 5.10 13 26 90.3 7.30 8 16 

          
20-Jul-93 beach seine     35.0 0.32 100 100 
10-Sep-93 beach seine 32.0 0.24 1 1 50.0 0.98 99 99 
10-Sep-93 trawl age 0+ 59.0 1.50 5 12 53.0 1.07 31 75 
10-Sep-93 trawl age 1+ 97.0 7.70 1 2 93.0 7.60 4 10 

          
24-Jul-94 beach seine 29.0 0.16 3 4 33.6 0.28 69 96 
13-Sep-94 trawl age 0+ 36.3 0.37 3 100 0.0 0.00 0 0 

          
26-Jul-95 beach seine 58.0 0.46 98 98 68.0 1.81 2 2 
16-Sep-95 beach seine 43.0 0.59 4 8 54.0 1.33 49 92 
16-Sep-95 trawl age 0+ 52.0 2.07 1 13 54.0 1.24 7 88 
17-Sep-95 trawl age 1+ ? 4.95 1 1 0.0 0.00 0 0 

          
8//2005 trawl age 0+ 0.4 0.52 13 57 0.0 0.00 0  
8//2005 trawl age 1+ 88.5 7.16 10 43 0.0 0.00 0  

6and 7/2005 beachseine   0 catch    0 catch  
 
 
Table 6.  Trapper Lake juvenile nerkid hydroacoustic population estimates  1991 – 1994 and 
2004 (Source: TTC 2004 and 2004 acoustic survey). 
 

Survey Survey Hydroacoustic Estimate 
Year Date Total 95% CI Wild Enhanced
1991 16-Sep 139,023 85,650 75,000 65,340 
1992 3-Aug 196,037 55,203 ? no trawls 
1993 10-Sep 125,459 64,774 30,000 94,847 
1994 11-Sep 61,978 32,158 30,000 small 

sample 
2004 28-Aug 93,000 41,000 93,000 0 
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Appendix 1.  Memo from Don Beard : KCM Engineering. 
 
To:  Brian Mercer 
From:  Don Beard 
Cc:  Rheal Finnigan, Tom Bumstead 
Subject:  Proposed Trapper Lake Fishway 
Date:  8/18/04 
 
We appreciate the opportunity to participate in development of the subject project and hope that 
our assistance will be of value in its implementation.   On 8/4/04, I accompanied Ron Josephson 
from ADF&G to Little Trapper Lake where we met with Brian Mercer and Rheal Finnigan.   
Brian took the group by boat and foot to the site of a previously observed fish passage 
obstruction in the stream that flows between Little Trapper Lake and Trapper Lake.  Using 
measurements, photos and other information that we obtained during the visit, Rheal prepared a 
preliminary concept design for a fishway at the site.   
 
The purpose of the project is to allow the migration of as many returning sockeye adults to 
Trapper Lake as possible.   It is our understanding that the sockeye stock proposed for the project 
would come from Little Trapper fish, and after incubation at Snettisham and rearing in Trapper 
Lake, the returning fish would be imprinted on the upper lake and have the genetic 
characteristics appropriate for migration through this reach of the stream.  At the time of the site 
visit, Brian felt that the stream flows were fairly representative of typical flows during the 
anticipated return period (late July through late August).   The anticipated number of returning 
adults is about 10,000 to 20,000 fish.   
 
I reviewed Rheal’s design sketches of 8/9/04 with Tom Bumstead, a consultant that we’ve 
worked with on similar fish pass issues and I’ve incorporated his comments into the following 
discussion.  It is our understanding that the conceptual design is for discussion only at this time, 
and the following comments are intended to further the discussion on the development of the 
best suited fishway for the Trapper Lake site.   Overall, the concept that Rheal has sketched 
looks like a good plan, but we’ve come up with a few suggestions that we feel will improve the 
functionality and operation of the fishway.  We recognize that our suggestions will increase 
construction costs and there may be other ways than those described here to accomplish the same 
goals.    
 
We have separated our comments into the following areas:  water outlet/fish entrance, interior 
fishway conditions, water inlet/fish exit, concrete barrier wall, and construction issues 
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Water Outlet/Fish Entrance 
 
At the water outlet/fish entrance, the primary concern is the attraction of the fish to the fishway 
entrance.  With the 3 ft wide by 2 ft water depth notches that Rheal’s sketches show, we estimate 
that the flow through the fishway will be about 25 cfs.   This volume of flow may not be 
sufficient to attract the fish the fishway entrance.   
 
From Rheal’s aerial photo and sketch, it appears that the proposed fishway will occupy about 1/4 
of the stream width at this location, but it appears that the 25 cfs fishway flow will be 
substantially less than 1/4 of the stream during the migration period.    With the main river flow 
cascading over the falls, numerous high velocity jets may be produced at the base of the falls 
causing a considerable amount of false attraction away from the fishway entrance.  Significant 
jumping will occur at these high velocity jets, but eventually most fish should move and find the 
fishway outlet flow.  It appears that the fishway outlet flow would plunge into a relatively deep 
(10 feet was measured at the site) and calm pool which is not cutoff by a cross flow from the 
falls.  Hopefully, this will not change at different river stages or with the proposed fishway in 
place.   With the confined weir flow plunging into the pool, fish will have a good area to initiate 
a jump into the first downstream pool.  The profile drawing of the fishway presently shows the 
first step of the fishway to be 3 feet, which Rheal feels is feasible with the deep approach pool.  
Tom feels that consideration should be given to lowering this to get more fish into the fishway 
after they have made several leaps at the base of the falls.   
 
Interior Fishway Conditions 
 
The size of fishway pools is generally a compromise between the need for relatively quiescent 
conditions for resting and the economics of carving larger pools into the stream bank.  The 
length of the proposed pools may be a little short for the 25 cfs flowing through the fishway.  A 
majority of the pool will be needed for energy dissipation and with that much flow there may not 
be sufficient volume to dissipate all of the energy in the pool.  Similarly, the 4-ft depth of the 
pools may not provide adequate ability for the water column to dissipate the plunging water as it 
flows through the weir.  With a concentrated flow of 25 cfs through the weir, there may not be 
sufficient depth to dissipate the energy of the jet before it strikes the floor.  If the jet hits the 
floor, the flow will follow the floor, hit the next wall downstream, and upwell on the upstream 
face of the weir and create a turbulent pool.  Within a turbulent pool, there will not be a defined 
passage route as fish will sense the upwelling and jump in the corners rather than at the base of 
the flow through the weirs.   
 
The effects of excessive turbulence in the pools will be reduced by the offset location of the 
weirs in the walls between the pools.  The weirs are offset from each other to provide energy 
dissipation of the weir jet and a calmer pool upstream of the downstream weir.  The wider pools 
required for the offset weirs will result in additional rock removal along the stream bank. 
 
Alignment of the fishway at the upstream end should be evaluated to assess entrance conditions 
and water supply.  From the plan view photo/drawing, it appears that it may be desirable to turn 
the fishway upstream of the third weir to parallel the river channel as the fishway climbs onto the 
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bedrock shelf.  In the current alignment, the upstream weir is located back in a corner and could 
be susceptible to debris accumulation during high flows.   
 
The low concrete wall shown along the stream side of the fishway is essential for controlling the 
passage conditions within the fishway.  During the upstream migration period, the only flow 
entering the fishway should be through the upstream water inlet section and not from the river 
part way down the fishway.  Use of a pool and weir configuration for the fishway requires the 
volume of water within the fishway be fairly consistent so the weirs and pools can function 
properly.  This wall will also function to keep debris out of the fishway which will be very 
important. 
 
Water Inlet/Fish Exit 
 
The water inlet/fish exit area may turn out to be the most important component of the Trapper 
Lake Fishway.  This area will supply the water to the fishway and will move the fish far enough 
upstream so they are not caught in a high velocity flow field and carried downstream over the 
falls.   Excessive debris accumulation could affect is operation significantly. 
 
From the plan view photo/drawing, it appears that the upstream weir is located on a bedrock 
shelf along the left side (looking downstream) of the river channel upstream of the falls.  From 
the photos, you can see the debris that has accumulated on the shelf which is a result of the 
shallow water depth.  This debris and shallow water depth have direct implications on the 
operation of the fishway.  The primary functions of the water inlet/fish exit area are to provide 
the correct volume of water to the fishway over the range of river stages during the upstream 
migration period and to provide a passage corridor from the fishway back into the main river 
channel above the influence of the falls.  From the photos and my recollections, it appears the 
water depth on the shelf is approximately one to two feet or less.  At this depth, you have to 
collect water from a relatively large area to accumulate the 25 cfs flowing over the fishway 
weirs.  Fish exiting the fishway must navigate through these shallows to get back to the main 
river channel.  One possible solution that Tom suggests is to blast a 4 foot wide by 3 foot deep 
trough from the upstream fishway weir upstream through the bedrock shelf to the main river 
channel.  Regardless of the river stage, the volume of water available at the fishway entrance 
would be sufficient to operate the pools.  This trough would also provide a deep, low velocity 
fish passage corridor from the fishway to the main river.   
 
One issue that must be addressed is the need to control the volume of water entering the fishway.  
This can be accomplished by using an overflow weir adjacent to the upstream fishway weir to 
direct flow back into the main channel over the falls.  The overflow weir could flow through the 
low barrier wall along the edge of the fishway near the top of the falls.    
 
Concrete Barrier Wall 
 
Overall operation of the fishway will be controlled by the concrete barrier wall installed along 
the right side (looking downstream) of the fishway.  During upstream migration periods, this 
wall will prevent any river flow from entering the fishway part way down the falls.  Tom feels 
that this wall should also be extended upstream beyond the last weir wall to act as a debris 
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deflector across the bedrock shelf.  Extending the concrete wall 25 to 30 feet upstream of the 
fishway and then angling into the river bank should protect the fishway.  The upstream trough 
discussed earlier would parallel this wall and pass through the angled section as it leads fish back 
into the main river channel.  Additional open areas in the wall could be incorporated to provide 
additional water inlets for water on the bedrock shelf.   
 
Use of the long inlet trough and concrete barrier wall will be beneficial to the overall operation 
of the fishway.  In the conceptual design, Rheal mentioned that the upstream pool would be 
larger than the other pools to provide an area to reduce the volume of entrained air in the 
fishway.  By controlling the source of the fishway water using the trough and barrier wall, the 
amount of entrained air in the fishway should be reduced significantly.  Construction of the 
barrier wall and trough will take additional time and money, but the operation of the fishway will 
be improved. 
 
Construction Issues 
 
As you know, remote site construction projects are difficult and require creativity and ingenuity 
in both the design layout and construction methods.  Tom has worked on a project similar to this 
in Oregon and the schedule he followed there was similar to that suggested by Rheal.  For this 
project, Tom suggests beginning at the downstream end, the first 10 to 15 foot section would 
drilled and blasted.  After the blasting has been completed, manual labor is used to clear the 
blasted rock from the new fishway slot.  Rock is thrown into the deep, downstream pool where 
subsequent high flows will wash the material downstream and disperse in the river channel.  This 
process is repeated several times as you work up the fishway and into the upstream trough.   
 
It sounded like you have quite a bit of experience with blasting and you probably have a pretty 
good idea of how you would approach the project.   Tom feels that the key to successfully 
blasting the fishway slot is to let the blaster layout the drilling pattern and then determining an 
elevation at each hole location.  Knowing the floor elevation and the existing rock elevation 
produces the hole depth required and the drillers can get within a couple of inches.  Once the 
holes are drilled, the layout of the blasting sequence is very important to maintain solid bedrock 
along the sides of the slot.  This will be very important as the concrete barrier wall will be built 
along one edge of the fishway slot and over-shooting could result in increased concrete costs.  
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Appendix 2.  Tunjony Creek automated thermograph water temperatures, 2001. 
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Note:   Rates of development for eggs and alevins are temperature dependent.  The incubation 
period (degree days) to 50% hatch in the 5 salmon species in B.C. ranges from 470 to 650 degree 
days, with sockeye being the longest (Burgner 1991).  Number of degree days in Tunjony Creek 
from Sept. 1 – May 15 = 471. 


