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Introduction 
 
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.  Since the abandonment of the Trapper Lake sockeye enhancement project, 
experience with other transboundary sockeye outplants suggests that the poor fry to smolt 
survival of the sockeye fry planted into Trapper Lake may have been a function of 
outplant and fish culture techniques rather than the juvenile sockeye rearing potential of 
Trapper Lake (TTC 2001).  It has been observed that returning sockeye salmon from the 
initial 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 under favorable water conditions.    
 
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 sockeye1.  
 
In response to this, a proposal was submitted to and accepted by the Northern Fund of the 
PSC to investigate the requirements and implications of establishing a permanent sockeye 
run into Trapper Lake2. 
 
The eventual goal of the project is to provide improved and reliable access to Trapper 
Lake for returning adult sockeye salmon, leading to the establishment of a permanent 
self-sustained anadromous sockeye population in the lake.  The goals of the project are 
consistent with and will contribute to the bilateral obligations to increase transboundary 
river sockeye production as per Annex IV, Chapter 1, section (b) (iv) of the Pacific 
Salmon Treaty. 
 
As part of the program to establish an anadromous sockeye population in Trapper Lake it 
was proposed to outplant Little Trapper Lake origin sockeye fry and/or fertilized eggs 
into Trapper Lake/Tunjony Creek.  The proposed outplant project and barrier 
modification are detailed in a preliminary feasibility report (Mercer 2005).  

                                                 
1 Unpublished DFO Whitehorse memo summarizing the directives of the Transboundary River Panel 
presented at the February 2001 Pacific Salmon Commission meeting in Portland Oregon.     
2  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.   



 
The following report summarizes the identified principal biological risks and potential 
benefits of the proposed sockeye enhancement project at Trapper Lake.  It was prepared 
to supplement the associated fish transplant application submitted to the B.C. Fish 
Transplant Committee.3   
 

1.0 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) Potential loss of genetic discreteness/diversity of endemic Trapper Lake species. 
4) Exposure of the system to pathogens, parasites and fellow travelers it does not 

presently harbor. 
5) Ecological impacts from introduced species not endemic to the system. 
   

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 identified risks in absolute terms.  Moreover, 
it may ultimately be impossible to quantify the risks regardless of the level of 
understanding of the ecological dynamics of the system.  The assessment of identified 
risks is open to subjective interpretation and conjecture.  However, using the data 
available it is reasonable and may be useful to rate the potential risk in relative terms such 
as low, moderate, and high.   

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 evolve 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 run timing at least somewhat similar 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 River 
steelhead (Onchorynchus mykiss) 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 

                                                 
3 Brian Mercer, a contract biologist, prepared the following report and has been retained by the project 
proponents as project facilitator. 



Taku River is possible.  Outmigrating steelhead kelts are have been recorded passing 
through the lower Taku River in mid June (Mercer 2006; in prep.) Anecdotal reports of 
steelhead kelts being caught in the mid-June Canadian Taku River commercial fishery 
have been reported to the author.  In view of 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 predicted adult sockeye production capacity of Trapper Lake (20,000 – 
40,000) would only constitute 10% - 15% of the total Taku River annual sockeye 
production, and assuming the run timing will be similar to Little Trapper stocks, 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 a future Trapper 
Lake stock since the run timing of Little Trapper stocks overlap with other stocks (TTC 
2004).   Therefore the current precautionary management approach associated with the 
DFO Wild Salmon Policy would continue for Taku River salmon with emphasis placed 
on maintaining escapement goals for all wild stocks regardless of the total Trapper Lake 
sockeye production levels.     

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 zooplankton biomass and species composition but also by the relatively high 
sockeye fry densities and the small size of outmigrating smolts (PSC 1994 and 1998).  It 
is likely the sockeye fry rearing capacity of Little Trapper Lake has been reached at 
current escapement levels and the lake carrying capacity may 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 19924.  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 fry 
outplanting occurs in Trapper Lake, 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. 
  

                                                 
4 In 1991 12%  (n=12) of the fry sampled were of enhanced origin, and in 1992 18% (n = 18) were 
enhanced (PSC 1994). 



 

 

1.3)  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 2).  It is highly 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 (n=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 maintain their genetic discreteness particularly if 
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).   
 
It is possible that over time components of the colonizing anadromous sockeye 
population would “residualize” and adopt a wholly freshwater existence.   Residulization 
of sockeye is common in many systems (Quinn 2005), and 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).   Stock assessment and enhancement evaluation conducted 
at Trapper and Little Trapper lakes by DFO from 1980 through 2005 has not yielded 
evidence of sockeye residualization in the system.  The possibility of genetic 
introgression between the two stocks is present but the probability of it occurring will be 
difficult to determine. 
 
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.   

1.4)  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 into Trapper Lake 
followed strict disinfection protocols and Canadian fish health guidleines 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. 
 
There is however a high probability of exposing the system to pathogens and parasites 
through returning anadromous salmon 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 with certainty if these pathogens are present in 
the endemic Trapper Lake fish species.  Pathological screening of Trapper Lake kokanee 
for the presence of these pathogens and parasites was performed from samples collected 
at Trapper Lake in the fall of 2005 (Appendix 1).  Neither IHNV nor BKD were detected 
in the 38 kokanee sampled.  However since the samples had to be frozen before analysis 
and because of the small sample size and single sampling event the pathology screening 
results are inconclusive, particularly with regard to the presence of IHNV.   
 
Within British Columbia, all wild anadromous stocks of sockeye that have been 
examined have tested positive for IHNV (Kurath et al. 2003; D. Kieser and G. Traxler, 
per. comm. Pacific Biological Station). While most B.C. stocks of kokanee that have 
been examined have tested positive for IHNV, repeated screening of some northern 
kokanee stocks  have never yielded a  positive test for the IHN virus.  Two northern 
kokanee stocks (Turner Lake S.E. AK., Kathleen Lake Y.T.) have been extensively tested 
with no evidence either stock harbours the IHN virus (John Joyce NMFS Juneau AK., P. 
Milligan, DFO Whitehorse; per. comm.) 
 
Numerous occurrances of IHNV mortality have been observed in wild and cultured 
salmonids (Williams and Amend cited in: Quinn 2005, Kurath et al. 2003).  The disease 
is of great concern in sockeye fish culture especially in the high alevin density hatchery 
environments where the virulent disease can spread rapidly and result in significant 
mortality.   Within hatchery environments, IHNV can cause significant mortality from 
time of hatching to emergence.  IHNV mortality events have been observed in sub-adult 
sockeye (smolts) as well as sub-adult kokanee (Burgner 1991, Traxler 1986, Quinn 
2005). 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.   The IHN virus and its pathological effects on fish have been 
extensively studied for over 30 years.  While numerous studies have documented the 
effects of IHNV outbreaks in various salmonid species little appears to be known of the 
effects of introducing the IHN virus into a system with “naïve” kokanee stocks.  (D. 
Kieser and G. Traxler, per. Comm. Pacific Biological Station, DFO; T. Meyers per. 
Comm. ADF&G Fish Pathology Lab. Juneau AK.).   Research conducted on the 
Deschutes River system in 1995 indicated that IHNV epidemics occurred in kokanee 
stocks that had been exposed to a novel strain of IHNV introduced by chinook salmon 
(Anderson et al. 1999).  
 



Bacterial kidney disease (BKD) is caused by Renibacterium salmoninarum and is 
considered to one of the more easily spread salmonid bacterial diseases, in part because 
of its dual modes of transmission. This bacterium, unlike most other fish pathogens, is 
transmitted vertically from parent fish to progeny in association with the eggs, as well as 
horizontally from fish to fish.  The pathogen is known to occur in Little Trapper Lake, in 
both resident and anadromous fish species (Table 3, Appendix 1).       
 
Salmonids are susceptible to a variety of pathogenic microorganisms, including at least 
30 known bacteria and viruses. Whereas the impact of these microorganisms on 
salmonids in wild and natural rearing areas is difficult to measure, losses from disease 
among hatchery salmonids are both common and well documented. Disease is not the 
result of a single event, rather the consequence of an imbalance in the host-pathogen 
relationship. The presence of a pathogen in a salmonid population often does not result in 
mortality or loss of fitness due to disease.  Moreover, fish can and usually do remain 
asymptomatic carriers of pathogens throughout their life cycle.  This is the case with 
most wild salmonid populations where BKD and IHNV are present.  However, the 
absence of both BKD and IHNV in the sampled Trapper Lake kokanee is cause for 
concern.  Simply stated, at this time it is uncertain if the pathogens are present or absent 
in the system and the potential effects of their introduction are unknown. 

1.5)  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 detect.  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 the species that could potentially extend their range into the 
lake from the lower reaches of the system.  
 
 
 



Negative ecological impacts could result from: 
 
1.5.1  The introduction of pathogens/parasites to the endemic stocks that have not had 
previous exposure (discussed above).   

 
1.5.2  Competition for habitat and resources.  Although kokanee have not been captured 
in variable mesh gillnet surveys, based on mid-lake trawling and hydro-acoustic estimates 
kokanee do appear to be numerically the most abundant fish species in Trapper Lake (B. 
Mercer unpublished data,  PSC 1994, TRTFNF 2004).  Enhancement evaluation data 
from 1991 through 1995, and the recent 2004 and 2005 fish population surveys suggest 
there was some habitat partitioning between outplanted anadromous sockeye fry and the 
resident kokanee.  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 1, Table 1).   However, it is very likely there will be some niche 
overlap between Trapper Lake kokanee and anadromous sockeye fry.  Niche overlap is 
common in sympatric kokanee and sockeye stocks (Wood 1999, Quinn 2005).  
Introduced sockeye fry may be the only colonizing planktivorous species that would 
compete directly with the resident kokanee. Nerkids are the only planktivorous fish 
known to occur in Little Trapper Lake and nearby Tatsamenie Lake (B. Mercer 
unpublished data).   
 
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 1987, Stockner 1978) suggest the lake 
currently has under utilized juvenile sockeye carrying capacity.   The relative size of 
outmigrating Trapper Lake smolts and resident nerkid size also supports this assumption 
(Figure 3). 
 
Presently, it is not known where the Trapper Lake kokanee spawn. All inlet/outlet 
streams in the lake have been surveyed for the presence of spawning nerkids over several 
years but none have been observed.  As a result, it is assumed that the resident nerkids are 
a lake spawning stock.5  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 
sockeye would be Tunjony Creek.   Studies have indicated that sockeye exhibit very high 
(often > 99%) fidelity rates to their natal area (Quinn 2005). 
 
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 documented in Trapper Lake (Triton 1993, TRTFTR 2004, B. 
Mercer unpublished data).6  Competition between colonizing species and the endemic 

                                                 
5 In Late October 2005, 4 spawned out kokanee carcasses were recovered washed up on the beach at the 
south end of the lake. 
6 Documented fish species in Little Trapper Lake include anadromous and resident rainbow trout (O. 
mykiss), Lake trout (S. namaycush), Dolly Varden  (S. malma), bull trout (S. confluentus), coho (O. kisutch), 



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 four other fish 
species in Little Trapper Lake. 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 see the introduction of coho salmon (O. 
kisutch), chinook salmon (O.  tshawytscha), rainbow trout (O.  mykiss),  sculpins (Cottus 
spp.) and mountain whitefish (Prosopium williamsonii).  The two species of piscivorous 
fish, documented in Trapper Lake are Dolly Varden (Salvelinus malma) and lake trout 
(Salvelinus namaycush).     
 
 
2.0  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 inputs of 
marine derived nutrients (MDNs). 

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 on 
the system and its endemic species as well as 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.   Willson and Haluptka (cited in Quinn 2005), termed 
salmon a “Keystone species” since they can be pivotal in the enrichment of nutrient poor 
systems.  Many recent studies highlight the importance of salmon to a regional 
biodiversity as well as their critical effects on many other species. 
 
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, Quinn 2005).  Typically salmon obtain 99% of their 
biomass from the marine environment (Quinn 2005).  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 
                                                                                                                                                 
chinook (O. tshawytscha), sockeye  (O. nerka), sculpin (Cottus spp.), and mountain whitefish (Prosopium 
williamsonii). 



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 importance of MDNs to system productivity is dependent on many variables 
including 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). 7 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.  However, in 
most coastal sockeye lakes studied primary productivity is usually limited by the 
availability of the inorganic nutrients P and N (Stockner 1987). 
 
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)8 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 4).  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 5 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 
                                                 
7 Chlorophyll levels would likely increase after periods of calm clear weather particularly in late 
summer/fall when glacial runoff has decreased. 
8 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. 

 



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 possible the relatively poor 
condition of the lake trout is due to trophic “bottlenecks”.  The Trapper Lake hydro-
acoustic population estimates of potential piscine prey (juvenile nerkids) is relatively low 
compared to other transboundary lakes surveyed (PSC 1998, TTC 2004). 
 
The process of nutrient inputs, uptake, and recycling is complex and can be highly 
variable between systems.   However, in all freshwater systems studied thus far, the 
systems have derived a net nutrient benefit and higher primary productivity as a result of 
MDN inputs (Quinn 2005).   

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 (Mercer 2005).  However, several legitimate concerns are 
associated with the project.  Several of the concerns identified are 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 
parasites.   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 appear to occur as a result of the 1991-1995 fry outplanting, 
evidence it has or has not occurred may only be apparent many years after an 
anadromous sockeye population is established.  
 
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 in favour or opposed to the project?   

 
 
The net benefits of the project may not be 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 current Pacific 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 past and future salmon treaty negotiations.   



However, the establishment of the current transboundary sockeye enhancement program 
was thought, by the negotiators, to have played a pivotal role in finalizing the current 
Pacific Salmon Treaty (Sandy Johnston DFO Whitehorse, per. comm.).   
 
The “social licence” issues associated with the Trapper Lake sockeye project are also not 
within the scope of this report.   It is known that support within stakeholder groups and 
First Nations for the overall transboundary river sockeye enhancement program has been 
mixed.   The Trapper Lake project, in principal, has received the support of, and been 
endorsed by, the Transboundary River Panel9 of the PSC.  However, it is known that a 
TRTFN representative has presented a memo to B.C.  (Ministry of Water Lands and 
Parks (MWLAP) relating concerns with the Trapper Lake sockeye project.  The Canadian 
contingent of the Transboundary Panel members, as well as other stakeholders, have 
stated to the author that they favour the idea of establishing a self sustained anadromous 
sockeye population rather than the ongoing fry outplanting strategy currently being used 
by the transboundary river sockeye enhancement program.    
 
Past and present recreational use of Trapper Lake has been limited due to the remote 
location and limited sport fishing opportunities.  However, it should be noted that due to 
its wilderness character and topographic setting, the lake and surrounding ecosystem 
would be characterized as having high aesthetic values.   
 
Although the final goal of the project is the establishment of a self sustained anadromous 
sockeye population in Trapper Lake it is recommended that if the project proceeds, a 
cautious stepped approach be adopted.  Some of the uncertainty relating to potential 
smolt production and the biological risks associated with the project may be resolved 
through the resumption of sockeye fry outplanting into Trapper Lake.  Close monitoring 
of the outplanted sockeye fry10 behaviour, growth, and smolt production could help 
clarify the fry carrying capacity and smolt production potential of the lake.  As well, it 
could help 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 could result in a clearer understanding of 
these issues.  The biological risks associated with the resumption of small scale hatchery 
fry outplants to Trapper Lake are considered to be low, based on the previous outplant 
experience at this site.  The stringent sockeye disinfection protocol as well as the 
Canadian fish health guidelines regarding the culture and transplanting of hatchery 
incubated fry should minimize pathological risks (McDaniel et al. 1994, D. Kieser DFO-
PBS Nanaimo per. comm.).  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 as a result of two years of outplants would 
be relatively low, in the order of 3,500 –7,000, assuming an egg to adult biostandard of 

                                                 
9 The Transboundary River Panel is a bilateral Canada/US panel composed of 12 members representing the 
public at large, stakeholder groups (commercial fishers), and First Nations.  It is tasked with developing 
recommendations related to salmon habitat, management, and enhancement issues on the transboundary 
rivers. 
10 Fry outplanting techniques would emulate those used at other transboundary lakes that have produced 
the highest fry to smolt survivals. 



1% - 2% survival.  If ascension of the barrier were impossible these fish would likely 
drop back downstream and spawn with the Little Trapper Lake stock from which they 
were derived.  It is also recommended that further pathological screening of the endemic 
Trapper Lake fish species should occur.  
 
If the results indicated smolt production capacity existed and a better understanding of 
risks to the resident fish population were obtained a more informed and quantitative 
risk/benefit analysis could be produced.  If warranted, further application could then 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 adult sockeye. 
 
 
 
 



Figure 1.  Trapper Lake juvenile nerkid ratios in beachseine  and trawl samples samples, 
1992 – 1995 (Source PSC 1998). 
 
 
 
 
 

 
 
 

Figure 2. Dendrogram of relative genetic distance between Taku River sockeye stocks 
(Source:  J. Candy, Pacific Biological Station, Nanaimo, B.C.). 
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Figure 3.  Mean weight of sockeye smolts sampled from five transboundary lakes over all 
years sampled (Source: TTC 2004, PSC 1998).     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Lake trout recovered from Trapper Lake Oct. 2005. 
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Figure 17.  Kokanee captured from beach seine, Trapper Lake 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 2.  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 

 

Table 1. 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 3.  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% 
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Appendix 1.  Disease screening results of Trapper Lake kokanee and Little Trapper Lake 
rainbow trout. 
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In January 2006, the Fish Pathology Program received 38 frozen kokanee from 
Trapper Lake and 1 frozen rainbow trout from Little Trapper Lake to test for 
infectious diseases. Fish were examined externally and internally for gross 
abnormalities. All fish were tested for bacterial fish pathogens by plating of 
kidney tissue onto Tryptic soy agar and by Gram stain of kidney tissue. 
Renibacterium salmoninarum (causative agent of Bacterial Kidney Disease) 
testing was done by direct fluorescent antibody technique (DFAT).  Testing of 
kidney, spleen and pyloric caecal tissue for viral agents was done by tissue 
culture, using EPC cells. In addition, kidney tissue from each fish was analyzed 
using molecular techniques (PCR) for IHN virus. Internal organs were collected 
for parasite analysis.  
 
Results: 
 
Little Trapper rainbow: 
External and internal examination: Blisters were observed on the flanks and belly. 
Hemorrhagic lesions were noticed between the pectoral fins. Fluid had 
accumulated in the body cavity and in the pericardial area. 
Gram stain and DFAT of kidney and fluid from blister: Heavy infection with 
Renibacterium salmoninarum. 
All other tests were negative. 
 



 
Trapper Kokanee: 
20 males and 18 females were received.  
External and internal examination: Changes were consisted with post-mortem 
deterioration. 
None of the tests conducted revealed the presence of any infectious agents. 
 
Note: Parasite analysis results from the contractor are not yet available. 
 
Comments: 
 
Using the tests outlined above, bacterial kidney disease was detected and 
confirmed in the Little Trapper rainbow.  
 
Given that the fish were frozen the likelihood of detecting other bacterial fish 
pathogens or viral agents such as IHN virus is considerably reduced. The material 
used in the molecular tests was re-frozen prior to the PCR testing. In addition, the 
samples suffered from considerable post-mortem deterioration. Repeated freeze-
thaw cycles and p.m. changes make the IHN test results unreliable.  
 
Based on the number of fish examined and the condition of the fish received in 
the lab, we cannot provide information on the presence or absence of bacterial or 
viral fish pathogens, specifically IHN virus, in the samples. 
 
 

Dorothee Kieser 
Pacific Biological Station 
Nanaimo, B.C. 




