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ABSTRACT 
 
Cox-Rogers, S., and Spilsted, B. 2012. Update assessment of sockeye salmon production from 

Babine Lake, British Columbia.  Can. Tech. Rep. Fish. Aquat. Sci. 2956: ix + 65 p.  
 

 
Wood et al. (1998) provided the last formal assessment of sockeye production from 

Babine Lake using production data spanning the 1950-1996 return years (1950-1991 brood 
years). This update adds 14 more years to the data series (1950-2010 return years, 1950-2005 
brood years) and provides an overview of the monitoring methods used to assess Babine Lake 
sockeye production.    

 
Three distinct yet overlapped sockeye “runs”  return to Babine Lake each year: early-

timed, mid-timed, and late-timed. Babine Lake sockeye were enhanced in the late 1960’s, 
which saw spawning channels and flow controls established on two of the mid-timed Babine 
Lake spawning tributaries located at Pinkut Creek and Fulton River.  Approximately 90% of 
all Skeena River sockeye are now from Babine Lake, and of these, an average 75% are 
enhanced fish from Pinkut Creek and Fulton River.   

 
Skeena River sockeye returns (catch plus escapement) increased substantially after 

Babine Lake enhancement and continued to do so throughout the 1980’s and through most of 
the 1990’s as sockeye returns to Babine Lake increased. Since the early 2000’s, Skeena River 
sockeye returns have declined to lower levels coincident with a recent decline in  Babine Lake 
production. Escapements to enhanced Pinkut Creek and Fulton River continue to exceed 
spawning requirements, even with the recent declines in total production. Escapements to the 
unenhanced late-runs exhibit a long-term declining trend which was not evident in the last 
assessment conducted in the mid 1990’s.   Late-timed escapements have been much lower than 
historic in recent years.  Escapements to the early-timed and mid-timed unenhanced runs have 
also been very low in recent years.  

 
Fry production from Pinkut Creek and Fulton River continues to account for ~90% of 

fry and smolt recruitment to the Main Arm of Babine Lake; yet total fry recruitment to the 
Main Arm still appears to be below maximum rearing capacity.  North Arm/Nilkitkwa Lake 
fry and smolt production was on a declining trend prior to cessation of the last brood year 
assessed, consistent with reduced numbers of late-run spawners.   

 
It is currently unclear how freshwater and/or marine survival variation may be 

influencing recent Babine Lake brood year recruitment. Reduced adult returns the past decade 
could be due to fewer smolts leaving Babine Lake, fewer smolts surviving as adults in the 
ocean, or some combination of both. Several mechanisms affecting freshwater and marine 
survival have been proposed, but data are lacking to make a proper assessment. Future 
research may help address some of the concerns.  
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  RÉSUMÉ 
 
Cox-Rogers, S., and Spilsted, B. 2012. Update assessment of sockeye salmon production from 

Babine Lake, British Columbia.  Can. Tech. Rep. Fish. Aquat. Sci. 2956: ix + 65 p.  
 

 
Wood et al. (1998) ont produit la dernière évaluation officielle de la production de 

saumons rouges dans le lac Babine en se servant des données de production des années de 
remonte 1950-1996 (années de ponte 1950-1991). La présente mise à jour permet d’ajouter 
14 autres années à la série de donnée (années de remonte 1950-2010; années de ponte 
1950-2005) et donne un aperçu des méthodes de surveillance utilisées pour l’évaluation de la 
production de saumons rouges dans le lac Babine.     

 
Trois remontes de saumons rouges distinctes mais se chevauchant retournent dans le 

lac Babine chaque année : remontes précoces, semi-précoces et tardives. Les saumons rouges 
du lac Babine ont été mis en valeur à la fin des années 1960, période durant laquelle des 
chenaux de ponte et des ouvrages de régularisation des débits ont été établis sur deux des 
affluents de remontes semi-précoces du lac Babine qui servent de frayères et qui sont situés 
dans le ruisseau Pinkut et la rivière Fulton. Environ 90 % de l’ensemble des saumons rouges 
de la rivière Skeena proviennent de nos jours du lac Babine et, sur ce nombre, une moyenne de 
75 % de ceux-ci sont des poissons mis en valeur du ruisseau Pinkut et de la rivière Fulton.    

 
Les retours de saumons rouges dans la rivière Skeena (prises plus échappées) ont 

augmenté considérablement après la mise en valeur du lac Babine et ont continué à augmenter 
durant les années 1980 et la majeure partie des années 1990 puisque les retours des saumons 
rouges dans le lac Babine ont augmenté. Depuis le début des années 2000, les retours de 
saumons rouges dans la rivière Skeena ont baissé à de faibles niveaux, ce qui coïncidait avec 
un déclin récent dans la production du lac Babine. Des échappées vers le ruisseau Pinkut et la 
rivière Fulton, qui ont été mis en valeur, ont continué à dépasser les besoins en géniteurs, 
même avec les récentes baisses de la production totale de saumons rouges. Des échappées des 
remontes tardives non mises en valeur indiquent une tendance au déclin à long terme qui 
n’était pas évidente dans la dernière évaluation menée au milieu des années 1990. Au cours 
des dernières années, les échappées tardives des remontes ont été beaucoup plus faibles que les 
échappées historiques. Les échappées des remontes précoces et semi-précoces non mises en 
valeur ont aussi été très faibles au cours des dernières années.   

 
La production d’alevins dans le ruisseau Pinkut et la rivière Fulton continue à 

représenter environ 90 % du recrutement d’alevins et de smolts dans le bras principal du lac 
Babine; cependant, le recrutement d’alevins totaux dans le bras principal semble toujours 
inférieur à la capacité de grossissement maximale. La production d’alevins et de smolts dans le 
bras nord ou lac Nilkitkwa a connu une tendance à la baisse avant la fin de l’évaluation de la 
dernière année de ponte, ce qui correspondait aux effectifs réduits de géniteurs des remontes 
tardives.   
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1.0 Introduction  
 

The Babine/Nilkitkwa Lake system (Fig.1) is the largest natural lake in British 
Columbia and supports the largest sockeye runs in the Skeena River (Wood et al. 1998).  
Decade average returns have been 2.6m (1.3m – 2.7m) from 1970-1979, 2.8m (1.5m - 4.9m) 
from 1980-1989, 3.6m (1m - 7m) from 1990-1999, and 2m (1m - 4m) from 2000-2010.  
Babine Lake sockeye are harvested in marine commercial fisheries in S.S.E. Alaska and 
Canadian Statistical Areas 1-5, as well as in First Nation Food, Social, and Ceremonial (FSC) 
and First Nation Economic and Escapement Surplus to Spawning Requirement (ESSR) 
fisheries within the Skeena River and within Babine Lake itself. 

 
The Fisheries Research Board of Canada first began investigations of Babine Lake 

sockeye in the 1940’s (Wood et al. 1998). Early investigations revealed that spawning ground 
capacity, and not lake rearing capacity, was limiting sockeye production from Babine Lake 
(Johnston 1958). This led to the Babine Lake Development Project (BLDP) in the 1960’s, 
which saw spawning channels and flow controls established on the two major Babine Lake 
spawning tributaries located at Pinkut Creek and Fulton River (Ginetz 1977). The BLDP 
became fully operational in 1971 and the first significant returns of enhanced fish to Babine 
Lake occurred in 1975 (Wood et al. 1998). Approximately 90% of all Skeena sockeye 
production now comes from Babine Lake, compared to less than 80% before construction of 
the BLDP began (Wood et al. 1998).   

 
 Babine Lake consists of one large sockeye rearing  area (the Main Arm or Main 

“Basin”) and three smaller sockeye rearing  areas (Hagan, Morrison, and North Arms or 
“Basins”) (Fig. 1 and Fig. 2).  Based on tagging studies (Aro and McDonald 1968, Takagi and 
Smith 1973, Smith and Jordan 1973) three distinct yet overlapped sockeye “runs”  return to 
Babine Lake each year: early-timed, mid-timed, and late-timed. The early- timed sockeye are 
all un-enhanced and spawn in 18 or so small tributaries to the Main Arm, two tributaries to the 
North Arm, and a few spawn in the Babine and Nilkitkwa Rivers in some years (Hume and 
MacLellan 2000). The mid-timed sockeye are mostly enhanced Pinkut Creek and Fulton River 
(Main Arm) fish which migrate in succession about 1 week apart, but mid-timed un-enhanced 
sockeye also spawn in the Morrison River and tributaries to Morrison and Tahlo Lake. The 
late-timed sockeye are all un-enhanced and spawn below Babine Lake in the Upper Babine 
River above Nilkitkwa Lake, and in the Lower Babine River below Nilkitkwa Lake (Hume and 
MacLellan 2000). 

 
Tagging studies have shown that fry from the Upper and Lower Babine Rivers 

(progeny from late-timing spawners) and a few small tributaries to Nilkitkwa Lake and the 
North Arm of Babine Lake, rear primarily in Nilkitkwa Lake and the North Arm of Babine 
Lake; the smolts migrate early in the spring and are termed “early migrants” (Wood et al. 
1998).   Fry from other tributaries to the Main Arm, including Fulton River and Pinkut Creek, 
rear primarily in the Main Arm. These smolts migrate one to two weeks later and are termed 
“late migrants” (Wood et al. 1998). Interestingly, the majority of late-run sockeye fry must 
migrate upstream against the current of the Lower Babine River to rear in Nilkitkwa Lake, and 
against the current of the Upper Babine River to rear in the North Arm. Other Babine Lake 
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sockeye fry migrate downstream to rear in the same Arm as their natal stream (McDonald and 
Hume 1984).  

 
Wood et al. (1998) provided the last formal assessment of sockeye production from 

Babine Lake using production data spanning the 1950-1996 return years (1950-1991 brood 
years). This update adds 14 more years to the data series (1950-2010 return years, 1950-2005 
brood years) and provides an overview of the monitoring methods used to assess Babine Lake 
sockeye production.   Trends in spawning escapements by run-timing group, fry recruitment, 
adult returns, exploitation rates, surplus production from enhanced sites, and enhanced 
contributions to annual returns are presented. 
 
 
1.1 Previous Assessments  

 
Babine Lake sockeye have been intensively studied and a rich legacy of biological 

evaluations exists in numerous technical reports and primary publications.  Sockeye 
production dynamics in Babine Lake are complex and many of the following works contain 
thoughtful background useful for assessing current trends.  

 
Brett (1952) examined Babine Lake spawning populations in his wider review of 

Skeena River sockeye. Withler (1952) conducted some of the first biological smolt 
assessments in Babine Lake. Pritchard (1953) conducted some of the first tagging and adult 
movement studies of sockeye in Babine Lake. Johnson (1958) studied juvenile sockeye 
migration patterns and spawning habitat limitation within Babine Lake. Aro (1961) reviewed 
early escapement estimates for Babine Lake, and Aro and McDonald (1968) conducted marine 
tagging studies to determine Babine Lake and other Skeena River sockeye timing through the 
commercial fishing area. Narver (1970), McDonald (1973), Stockner and Shortreed (1975) and 
Rankin (1977) all examined various juvenile sockeye feeding and trophic structure 
relationships in Babine lake. Takagi and Smith (1973) and Smith and Jordan (1973) 
determined run-timing for the various spawning  components in Babine Lake, based on tagging 
studies conducted in the ocean and at the Babine River fence. The first reviews of BLDP fry 
and adult production were by Ginetz (1977) and West (1978).  Beacham and McDonald (1982) 
examined food and growth dynamics of Babine Lake fish species, while Peterman (1982) 
examined density-dependent production relationships between sockeye fry, smolts and adults 
from Babine Lake.  

 
McDonald and Hume (1984) conducted the first intensive biological evaluation of the 

BLDP, testing results against assumptions that enhancement would increase Babine Lake 
sockeye production. Levy and Hall (1985) provided a detailed overview of Babine Lake 
sockeye and assessment history, focusing on limnology and sockeye ecology.  Macdonald et 
al. (1987) examined the utility of using Babine Lake smolt production for fisheries 
management, while Sprout and Kadowaki (1987) discussed management of Skeena River 
fisheries targeting the enhanced Babine Lake stocks.  West and Mason (1987) updated and 
reviewed sockeye production from the BLDP, while Hilborn (1992) evaluated “institutional 
learning” comparing the success of the BLDP relative to sockeye spawning channels in other 
areas.  
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As already noted, Wood et al. (1998) provided the last production assessment for 

Babine Lake sockeye. Wood (2001) also provided a thoughtful historical overview of the 
Skeena River sockeye fishery and the biodiversity issues involved when harvesting productive 
and less productive stocks in mixed-stock fisheries. A recent comparative review by Shortreed 
and Morton (2000) examined limnological status and productive capacity for Babine Lake 
“25” years after the BLDP was established. Hume and MacLellan (2000) reviewed and 
updated juvenile sockeye population dynamics of Babine Lake sockeye.  Gottesfeld and 
Rabnett (2008) provide an updated overview of Babine Lake salmon resources, human 
impacts, and First Nations utilization. Peterman, in Walters et al. (2008), re-examined trends in 
density-dependent smolt outputs and smolt - adult marine survival for Babine Lake brood 
production years 1970-2000. Walters et al. (2008) conducted an independent science review of 
Skeena River fisheries and assessment methods, commenting extensively on Babine Lake 
sockeye production.   

 
 
2.0 Methods 
 
2.1 Adult Returns and Exploitation Rates 

 
Annual return (catch plus escapement) and brood year production (recruitment) data for 

Skeena River sockeye are maintained in an Excel database (Contact Steve Cox-Rogers, DFO, 
Prince Rupert). The source data in the production file comes from a variety of assessments, 
both published and un-published. The most complete evaluation of total Skeena River sockeye 
return and annual exploitation rates comes from the joint Canada-U.S. run-reconstruction 
evaluations (Gazey and English 2000) now updated from 1982-2008; 2009 and 2010 are 
currently preliminary.  Analyses for these years incorporate marine stock composition data 
evolved from the 1982-83 joint U.S.-Canada marine tagging studies, S.S.E Alaskan scale 
pattern analyses, and more recently, Canadian genetic (DNA) analyses.  Catches of Skeena 
River sockeye from 1970-1981 are more approximate as they use fixed tagging proportions 
from 1982 and 1983 North Coast tagging studies (English et al. 1995) to assign marine catch 
by stock.  Skeena River sockeye catches from 1950-1969 are even less certain and come from 
the analyses conducted by Wood et al. (1998) who cites McDonald et al. (1987) for their 
derivation.   

 
Following McKinnel and Rutherford (1994),  Wood et al. (1998) assumed 90% of  the 

annual Skeena River sockeye  return (age 1.2 and 1.3) was of Babine Lake origin and they 
used this fixed proportion to examine temporal trends in Babine Lake sockeye production from 
1950-1991.  Wood et al. (1998) note this assumption “probably overestimates Babine returns 
prior to 1970; it may also underestimate Babine returns in some years after 1970”. Since 2000, 
genetic stock composition data from the lower Skeena River Tyee Test Fishery (source Terry 
Beacham, DFO, Nanaimo) indicates an average 87% (80% - 93%) of the sockeye entering the 
Skeena River are from Babine Lake, very close to the 90% assumption of Wood et al. (1998).  
As an update to Wood et al. (1998), the annual Tyee Test Fishery (DNA) Babine Lake 
percentages from 2000-2010 have now been applied to the Skeena River sockeye returns for 



4 4

those years, with the average for the mDNA series (87%) applied to the years 1970-1999. No 
changes have been made to other years.  

 As the Skeena River sockeye fishery targets Babine Lake sockeye, exploitation rates 
for the Skeena River aggregate stock should generally approximate those for the Babine Lake 
aggregate stock. Exploitation rates for the individual early, mid, and late timed Babine Lake 
runs (sub-stocks) cannot be directly calculated as run-specific catch records for each 
component do not exist. An alternative approach is to model Babine Lake sub-stock 
exploitation rates using assumed run-timing distributions for each and applying reconstructed 
sockeye harvest rates (weekly) for the aggregate Skeena River stock in Canadian marine 
fisheries to estimate exploitation rates. Additional exploitation rate estimates for the Skeena 
River aggregate stock in Alaskan and in-river Skeena FSC fisheries can be added to 
approximate exploitation on each of the sub-stocks (Cox-Rogers 1994, Cox-Rogers et al. 
2010). A more comprehensive application of this methodology has been developed by Gazey 
(2008) and is currently undergoing calibration. Reconstruction approaches are appealing for 
modeling Skeena River and Babine Lake sub-stock impacts as they can be “reversed” to run as 
predictive fishery management tools (Cox-Rogers et al. 2010).    
 
 
2.2 Babine Lake Escapement Monitoring 

 
Since 1949, all sockeye returning to Babine Lake have been counted through a 

permanent counting fence located on the Babine River 1 km below the outlet of Nilkitkwa 
Lake (Aro 1961, West and Mason 1987). After passing the counting fence and after all in-lake 
harvests have occurred, the fish are enumerated again on the various tributary spawning 
grounds within Babine Lake. Thirty wild sockeye spawning locations, plus the enhanced 
Pinkut and Fulton sites, have been variably monitored by DFO, and more recently the Lake 
Babine First Nation, since 1950. These sites represent most of the early, mid, and late timing 
spawning sites within Babine Lake, although others do exist (Wood et al. 1998). The fence 
counts and spawning ground counts are maintained in an Excel “Escapement Table Database” 
maintained by DFO in Prince Rupert (Spilsted and Spencer 2009). The data are verified each 
fall and subsequently transferred to the regional DFO NuSEDS escapement database each 
year. The Babine Lake Escapement Table Database is complete for the years 1950-2010 and is 
available in digital format (Contact Barb Spencer; DFO, Prince Rupert). 

 
The tributary escapement counts for the wild (un-enhanced) early and mid-timed 

sockeye runs come from visual stream walks and/or air surveys. The visual escapement 
surveys have been conducted in similar ways over the years, but the number of sites visited 
annually and the consistency of the coverage can vary depending on weather conditions, water 
levels, and crew availability. The tributary spawning counts are recorded in the database 
without any adjustments or expansions. These records report cells as an actual number, an A/P 
indicating adults present, an N/O indicating none observed, or an N/I indicating not inspected. 
Of importance for data interpretation is the treatment of A/P and N/O records as the former 
suggests some number of spawners present with no estimate of magnitude, while the latter 
suggests no spawners present at the time the survey was conducted.  The distinction is 
important because an N/O entry could indicate a) truly zero spawners for a tributary that year, 
or b) spawners present in the tributary but in a different area or holding in the lake at the time 
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the survey was conducted.  As there is often no additional information suggesting what the 
interpretation of N/O records for a tributary should be, this update follows Wood et al. (1998) 
in that N/O records are treated the same as A/P records and are simply left blank for data 
assessments (e.g. not filled as zeroes).  
 

Escapement counts for the wild late-timed sockeye come from mark-recapture 
programs (1976-1992) and from air surveys for other years.  Escapement counts for Pinkut 
Creek and Fulton River come from counting fences (weirs) located on each tributary just 
upstream of Babine Lake. The counting fences separate the spawning channels from the 
natural streams and allow sockeye to be diverted into both. Once channel spawning targets are 
met, the fences are closed and “surplus” spawners are locked out below the fences. Fulton 
River and Pinkut Creek can be loaded to maximum spawning capacities of 381,000 and 
128,000 sockeye respectively (West 1978, Brad Thompson, DFO, pers. Comm.):   

 

                            

Spawners Fry (million) Fry/Spawner

Fulton Channel #1 20,000 15 750
Fulton Channel #2 116,000 87 750

Fulton R. Above Weir 200,000 45 225
Fulton R. below Weir 45,000 10 225

Total 381,000 157

Pinkut Channel #1 58,000 44 750
Upper Pinkut Creek 40,000 9 225

Pinkut Creek Above Weir 25,000 6 225
Pinkut Creek Below Weir 5,000 1 225

Total 128,000 60

Total BLDP 509,000 217

 
 
 
The BLDP fences can be re-opened and the facilities “reloaded” with previously locked 

out fish holding below the fences in Babine Lake if and when pre-spawning mortality occurs.  
The number of spawners finally locked out below the fences is estimated each year by 
systematic visual surveys but an unknown proportion also remains along the Babine Lake 
shorelines bordering the BLDP sites (Wood et al. 1998).    

 
 
2.2.1 Escapement Adjustments 
 

The majority of the tributary escapement counts for wild Babine Lake sockeye are 
simple abundance indices subject to visual count underestimation bias and/or missing or 
variable tributary survey coverage.  Spilsted and Spencer (2009) discuss many of the issues 
and cautions one must be aware of when interpreting DFO escapement data records. Wood et 
al. (1995, 1998) used a simple procedure to adjust the Babine Lake escapement records for 
underestimation bias but they did not adjust the data series for missing annual surveys.  While 
both adjustments are considered in this paper, some background to the escapement counts 
themselves might be useful.  
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In most years,  the sum of  the escapement counts to the individual spawning sites 
within Babine Lake are significantly less than the Babine Lake fence count (Wood et al. 1998). 
 The difference between the two is termed “un-accounted” in the data records and for 
many years un-accounted fish were thought to be non-censused lake spawners.  However, dive 
surveys conducted by Wood et al. (1995) showed that lake spawning represents a negligible 
fraction of un-accounted fish and contribute little to fry recruitment. The number of enhanced 
fish (surplus) locked out of the BLDP sites each year accounts for most but not all of the un-
accounted fish.  More importantly, unaccounted fish existed before the first significant returns 
to the BLDP sites in 1975, indicating that spawning escapements to the various Babine Lake 
tributaries were (and still are) generally underestimated  by  visual or mark-recapture surveys 
(Wood et al.  1998).  

 
Wood et al. (1995) developed a simple but parsimonious algorithm to estimate the 

uncensored (surplus) production returning to the enhancement facilities after correcting visual 
escapement estimates to the early, mid, and late timing runs for underestimate bias. The 
Babine Lake fence counts were regressed against summed spawning escapement estimates for 
the pre-enhancement period (1950-1969), and the regression relationship was used to adjust 
the un-enhanced escapement time series upwards by about 20%. Any remaining unaccounted 
fish were assumed to be surplus enhanced fish.  Wood et al.’s (1995) methodology has been 
followed in this paper to update the adjusted escapement series through 2010.  
 
 
2.3 Enhanced Surplus 
 

The number of sockeye surplus to BLDP spawning requirements can be calculated as 
apparent surplus as the fish pass the Babine River fence and enter Babine Lake (e.g. total 
BLDP fish entering Babine Lake minus the maximum BLDP spawning capacity of 509,000), 
or as biological surplus once BLDP loadings are finalized (e.g. total BLDP fish entering 
Babine Lake minus BLDP catch minus final BLDP loadings). Calculating surplus after all 
Babine Lake fisheries and final spawner loading takes place is the more accurate biological 
assessment of enhanced surplus as used by Wood et al. (1998) and in this paper.  In many 
years, the BLDP spawner loadings can be below or above the maximum capacities, and 
successive re-loading of the channels can occur using fish holding below the fences.  For 
accounting purposes, the number of effective spawners in the BLDP facilities each year is 
defined as the number of sockeye actually spawning above the fences plus the minimum of 
either the below-fence spawning capacities (45,000 Fulton, 5,000 Pinkut) or the number of 
spawners locked out below the fences, whichever is less.  All other sockeye become part of the 
enhanced surplus calculation. 
 
 
2.4 Fry Production 
 

Fry production from the BLDP facilities is monitored each spring using fixed-position, 
converging throat or fan traps (West and Mason 1987). The number of fry produced by the 
early, mid, and late-timed wild runs is not monitored but is estimated on the basis of the 
number of parent spawners and the assumption that fry output per spawner is equal to the 
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average estimated from natural spawning in the Fulton River and Pinkut Creek (233 fry per 
spawner, MacDonald and Hume 1984, Wood et al. 1998). This approach may underestimate or 
overestimate actual fry production among sites or among years because density-dependent 
variation in fry/spawner production at different spawner levels is not being incorporated. Data 
tabled in West (1978) indicates natural fry per spawner can vary among years and has 
generally been lower for Pinkut Creek compared to Fulton River. The different natural sites 
within Babine Lake probably exhibit similar variations in average fry per spawner production.  
For sockeye rearing in the Main Arm, MacDonald and Hume (1984) considered their wild fry 
estimates to be gross approximations, but when added to the much larger outputs from the 
BLDP sites, still useful for estimating the total number of fry production.   

 
 
2.5 Lake Rearing Capacity 
 

The juvenile rearing capacity of the Main Arm has been estimated with a 
photosynthetic rate model at 219m fry producing 92m smolts (Shortreed and Morton 2000). 
Additional fry-rearing capacity in the North Arm, Morrison Arm, and Hagan Arm likely raises 
the rearing capacity of  all Babine Lake to >300m fry, due, in part, to increased phytoplankton 
biomass and photosynthetic rates attributable to carcasses from the BLDP sites which have 
increased phosphorous loading by 38% compared to the pre-enhancement period. (Shortreed 
and Morton 2000, Jeremy Hume, DFO, pers comm.). Additional rearing capacity exists in 
Nilkitkwa Lake but has yet to be estimated.   

 
 
2.6 Smolt Production 
 

Smolt emigration from Babine Lake has been estimated by mark-recapture programs 
conducted below the outlet of Nilkitkwa Lake, 1951 to 2002.  The smolt program has not 
operated since 2002 (brood year 2000). Various approaches have been used over the years to 
generate smolt estimates from the mark-recapture data. Wood et al. (1998) computed 
“corrected” smolt abundance estimates to account for discrepancies in mark-recapture results 
following the methods of Macdonald and Smith (1980).  Their smolt data are reported here and 
have been updated through 2002.  

 
 
3.0 Results 
 

Table 1 reports aggregate annual Skeena River sockeye escapement, catch by fishery, 
exploitation rate by fishery, and Skeena River stock size (adults only) for the years 1970-2010. 
Table 2 reports annual Skeena River returns by age and estimated annual Babine Lake stock 
size. Table 3 reports modeled Marine + FSC exploitation rates for early, mid, and late timing 
Babine Lake sockeye sub-stocks from 1970-2010. Table 4 reports the Babine Lake fence 
counts and reconstructed spawning escapements by run-timing group for the years 1950-2010. 
Table 5 reports estimated fry production by run-timing group for brood years 1950-2010 and 
smolt production from Babine Lake for the brood year years 1959-2000.  Table 6 reports brood 
year fry, smolt and adult production (recruitment) from Babine Lake for the years 1950-2005. 



8 8

Table 7 reports brood year fence counts and adult production (recruitment) by age class from 
Babine Lake for the years 1950-2005. 

 
Appx. Table 1 reports estimated BLDP contributions to the annual Skeena River 

sockeye return, 1982-2009. Appx. Table 2 outlines the Babine Lake sockeye escapement 
adjustment process developed by Wood et al. (1995). Appx. Table 3 reports the adjusted 
Babine Lake fence count and tributary escapement series by run-timing group 1950-2010. 
Appx. Table 4 reports the unadjusted Babine Lake escapement counts maintained in the DFO 
“Escapement Table Database” for the years 1950-2010.  

 
 
3.1 Adult Returns and Exploitation Rates 
 
 Skeena River sockeye returns  (catch plus escapement) increased substantially after 
Babine Lake enhancement began in the early 1970’s and continued to do so throughout the 
1980’s and through most of the 1990’s (Table 1, Fig. 3) as sockeye returns to Babine Lake 
increased (Table 2, Fig. 4). Since the early 2000’s, Skeena River sockeye returns have declined 
to lower levels coincident with a recent decline in  Babine Lake production.  Skeena River 
sockeye returns averaged 2.1m from 1970-79, 3.1m from 1980-89, 3.9m from 1990-99, and 
2.3m 2000-2010.  The largest post-enhancement return of Skeena River sockeye was in 1996 
(7.5m), while the smallest was in 2009 (860k).  Since 1982, an estimated ~75% (53% - 91%) 
of the sockeye returning to Babine Lake have been from the BLDP, corresponding to ~65% 
(48% - 80%) of all sockeye returning to the Skeena River (Appx. Table 1).  
 

Total exploitation (total catch/total return) on Skeena River sockeye has averaged just 
under 60% (22% - 72%) since Babine Lake enhancement began in the 1970’s (Table 1, Fig. 3). 
Total exploitation rates averaged 56% (40% - 68%) through the 1970’s, 56% (40% - 70%) 
through the 1980’s, 65% (61% - 72%) through most of the 1990’s until 1998, and 43% (22% - 
69%) since then. A similar range of exploitation is evident in historical Skeena River sockeye 
reconstructions stemming back to the early 1900’s (see Figure 4 of Wood 2001), although the 
exploitation shares have shifted as fisheries have developed. 

 
Exploitation rates for the Skeena River aggregate stock should approximate those for 

the Babine Lake aggregate stock given that ~90% of Skeena River sockeye are from Babine 
Lake. Model-based exploitation  rate estimates (marine + FSC) for the early-timed runs 
(peaking in marine fisheries in late June-early July) have averaged between 25% - 40% since 
enhancement began but have dropped to 15% - 25% for most of the 2000’s (Table 3, Fig. 5).  
Model-based exploitation rate estimates for the mid-timed runs (peaking in marine fisheries 
throughout mid-July) have averaged between 50% - 55% since enhancement began but have 
dropped to <40% for most of the 2000’s.  Model-based exploitation rate estimates for the late-
timed runs (peaking in marine fisheries in late-July-early August) have ranged between 40% - 
50% since enhancement began and have dropped to <35% for most of the 2000’s. The 
significant temporal overlap between the early, mid, and late-timed runs (Smith and Jordan 
1973, Takagi and Smith 1973) makes assigning specific exploitation estimates somewhat 
speculative but the estimates reported in Table 3 should bracket the likely range. As well, the 
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estimates do not yet incorporate additional ESSR and Economic harvests within the Skeena 
River and at Babine Lake itself and so will be biased low for some years.    

 
Exploitation rates alone do not appear to be causing the recent declines in Babine Lake 

sockeye returns, as production from both the highly productive enhanced sockeye and the less 
productive wild sockeye has declined as exploitation has decreased. Disease issues at the 
BLDP sites in 1994 and 1995 (Wood et al. 1998) did dramatically suppress adult returns in 
1998 and 1999 (<1.0m, Table 2), but since then those years have been the only ones affected. 
In addition, while the general decline in Babine Lake returns appears to have started after the 
record large runs in 1995 and 1996, it does not seem likely that over-escapement from those 
years was somehow a triggering mechanism as Babine Lake sockeye returns were very good in 
2000 (4.4m) and 2001 (4.0m), the result of very strong age 4 and age 5 returns from the record 
“escapement” in 1996 (Table 2). Since 2001 or so, other than an average return of 2.7m in 
2006, adult returns have all been less than 2.0m. In 2009 and 2010, preliminary estimates 
suggest adult returns were less than 900,000 fish (Table 2). 
 
 
3.2 Adult Returns to Babine Lake 
 

The number of sockeye entering Babine Lake (Table 4, Fig. 6) mirrors the pattern of 
total Babine Lake returns shown in Figure 4.  The Babine fence counts increased substantially 
from the 1970’s throughout the 1980’s and through most of the 1990’s as enhanced returns 
increased.  Since then, the fence counts have decreased as sockeye production has declined. 
Very low fence counts were recorded in 2009 (672,000) and 2010 (639,000) (Table 4).  

 
Trends in the number of enhanced BLDP sockeye counted past the fence are shown 

Fig. 7, indicating an increase throughout the 1980’s and 1990’s and a decline since then. In 
contrast, the number of wild sockeye counted past the fence has declined since enhancement 
began, especially in recent years. Since 1970, an average 74% (35%- 91%) of the sockeye 
entering Babine Lake have come from the Pinkut Creek and Fulton River, compared to 20% - 
40% prior to enhancement (Fig. 8).  

 
 
3.3 Spawning Escapements 

 
The majority of individual stream records for wild Babine Lake sockeye exhibit high 

annual variability (Appx. Table 4, Fig. 9) and variable survey coverage which makes 
distinguishing trends somewhat difficult.  Still,  there has been a definite declining trend in 
“aggregate” wild spawning escapements in Babine Lake since the 1970’s that does not seem to 
be an artifact of  survey underestimate bias, missing spawning ground surveys, or the 
escapement adjustment process itself (Fig. 10). Most concerning, the magnitude of the wild 
stock decline has not been consistent across all wild run-timing groups, but seems more 
prevalent in the once large “late-timed” Babine River component (Fig. 11, bottom right panel), 
which is driving the total pattern.   
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Wood et al. (1998) also evaluated escapement trends by run-timing group (their Fig. 3 
is reproduced here as Fig. 12). They concluded all run-timing groups (except Pinkut/Fulton) 
had declined and stabilized to lower levels because of increased exploitation rates on the 
enhanced returns. At the time, this seemed plausible because the early runs seemed least 
affected whereas the mid-timed runs seemed most affected. Wood et al. (1998) further 
concluded that the late-timing runs (bottom right panel of Fig. 12) seemed to be increasing, 
especially given the large late-run escapements in 1992 and 1993, and attributed the response 
to more conservative Skeena River management policies, as suggested by Henderson and 
Diewert (1989). This may have been partially true, but marine survivals for late 1980’s brood 
years (Table 6) were actually quite high (>6%) which might also explain the good returns seen 
in the early 1990’s.   

 
The updated data series (Table 4, Fig. 11) now suggests the wild late runs have actually 

been on a long-term decreasing trend since the 1970’s, especially for sockeye spawning in the 
Lower Babine River, despite the good escapements in the early 1990’s and even in 2001. 
Spawning escapements to the late runs were consistently in the 300k to 500k range prior to the 
mid-1970’s but then dropped to the 100k to 200k range through most of the 1980’s and 1990’s. 
Since 2007 late run escapements have all been below 100k, dropping to just 94k and 75k in 
2009 and 2010.    

 
Spawning escapements to the wild early runs, as observed by Wood et al. (1998), 

dropped slightly (from ~65k) after enhancement and seemed to be maintaining themselves in 
the 30k-50k range since then. Since 2007, the early run escapements have all been below 30k, 
dropping to 20k in both 2009 and 2010.   

 
Spawning escapements to the wild mid-timed runs, as observed by Wood et al. (1998), 

dropped from the 20-40k range to the 10k - 20k range after enhancement and also appeared to 
be stable at those lower levels. Despite apparently high mid-timed escapements in 2003 and 
2004 (83k and 63k respectively), the mid-timed escapements have fallen dramatically since 
2006 (<15k) with only 6k seen in 2010.  

 
 
3.4 Enhanced Surplus 
 

Since 1975, there has been an apparent enhanced surplus at the Babine River Fence 
(spawners in excess of the 509,000 maximum BLDP capacity) for 28 of the past 36 years , 
ranging from a lows of  29,000 fish in 2009 and 2010 to almost 1.3m fish in 1996 (Appx. 
Table 3, top panel Fig. 13).  The largest apparent surpluses occurred from the mid-1980s 
through the mid-1990’s and early 2000’s but have been declining since then. The actual 
biological enhanced surplus since 1975 (after Babine Fence/Lake catch and final spawner 
loading takes place) is also shown in the bottom panel of Fig. 13 (Appx. Table 3).  There has 
been a biological surplus at the BLDP sites every year since 1975, ranging from a low of 9,000 
fish in 1999 to almost 900,000 fish 1985. The biological surplus reflects the number of 
enhanced sockeye that arrived at the BLDP sites but were not spawned successfully.  As with 
apparent surpluses, the largest biological surpluses occurred from the mid-1980s through the 
mid-1990’s and early 2000’s but have been declining since then. 
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3.5 Fry and Smolt Production 
 

Fry recruitment to the Main Arm of Babine Lake (Table 5, Fig.14) has increased 
threefold since completion of the BLDP (Wood et al. 1998), from an average 61m from 1950-
1970 (41m Pinkut/Fulton fry and 20m wild fry) to an average 192m since then (175m 
Pinkut/Fulton fry and 17m wild fry). Pinkut/Fulton fry recruitment now accounts for ~91% of 
all Main/Morrison/Hagan Arm fry recruitment compared to 67% prior to 1970.  While average 
fry recruitment to the Main Arm has remained relatively stable since the 1980’s, average smolt 
recruitment increased through the 1980’s and early 1990’s but was downward trending prior to 
cessation of the smolt program in 2002, despite some good production for brood years 1996 
and 2000 (Table 6, Fig.15).  No smolt data are available after 2002, the last year of the smolt 
program, and so it is not known if the pattern has been maintained.  

 
In contrast to the Main Arm, and with some annual exceptions, estimated fry 

recruitment to the North Arm/Nilkitkwa Lake has declined since completion of the BLDP, 
down from averages in the 50m – 100m range prior to enhancement to averages in 25m-50m 
range since then, all consistent with reduced numbers of wild late-run spawners (Table 5, 
Fig.16).   There have been four or so larger spikes in estimated North Arm/Nilkitkwa Lake fry 
recruitment (>100m) since 1950 (Table 5, Fig. 16), all related to years with larger than average 
numbers of spawners. However, none of these spikes have resulted in subsequent large smolt 
recruitment (2m -16m), suggesting rearing capacity may have been exceeded in those years. 
Indeed, maximum smolt recruitment appears to be at ~70m fry in the North Arm/Nilkitkwa 
Lake (Table 5, bottom panel Fig. 17). There also appears to be a negative relationship between 
fry to smolt survival as fry densities increase in the North Arm/Nilkitkwa Lake (top panel Fig. 
17).   Average fry recruitment to the North Arm/Nilkitkwa Lake has been on a long-term 
declining trend since the 1970’s, as has average smolt recruitment (Table 5, Fig. 18). No smolt 
data for the North Arm are available after 2002, the last year of the smolt program, and so it is 
not known if the pattern has been maintained.  
 

Estimated fry recruitment to all of Babine/ Nilkitkwa Lake is shown in Fig. 19 (Table 
6).    The total fry rearing capacity of Babine/Nilkitkwa Lake is estimated to be >300m fry, 
while that of the Main Arm alone is estimated to be 219m.  Fry recruitments greater than 300m 
have only occurred 6 out of the last 60 years. This suggests that the lake rearing capacity of 
Babine Lake has not been exceeded at historic levels of fry recruitment, although much of the 
current rearing capacity of Babine Lake is clearly being used by enhanced fry rather than wild 
fry.  Shortreed et al. (2000) concluded that most fry recruitments to date have not been 
excessive, but that increases beyond the maximum recruitments observed to date would likely 
reach or exceed the lake’s rearing capacity and not result in additional smolt production.  

 
 
 
3.6 Factors Limiting Fry and Smolt Production 
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Wood et al. (1998) concluded that egg-fry survival and overall incubation capacity at 
the enhanced sites were the main factors limiting fry recruitment to the Main Arm, while 
spawning escapements to the Upper and Lower Babine Rivers was the main factor limiting fry 
recruitment to Nilkitkwa Lake and the North Arm. This still seems to be the case although fry 
recruitment to Morrison Arm is likely being limited by spawning escapements as well.   

 
The updated data series does not provide any new insights into factors limiting smolt 

recruitment to the Main Arm since Wood et al.’s (1998) evaluations. They found increased fry 
recruitment from the BLDP had not yet caused a detectable reduction in fry to smolt survival 
in the Main Arm; the updated data series still indicates fry-smolt survival in the Main Arm has 
been variable but essentially without trend just prior to cessation of the smolt program (Table 
6, top panel Fig. 20). Additionally, Wood et al. (1998) found smolt production from the Main 
Arm had yet to decline as fry recruitments increased, suggesting maximum smolt numbers and 
maximum smolt biomass has yet to be achieved. This too still seems to be the case, at least up 
to cessation of the smolt program (Table 6, bottom panel Fig. 20). Newer data were not 
available for this update, but Wood et al. (1998) found higher fry recruitments to the Main 
Arm resulted  in higher smolt biomass (Table 5, bottom panel Fig. 21) and while the smolts are 
smaller at high fry densities (Table 5, top panel Fig. 21), average smolt weight over a wide 
range of higher fry densities in the Main Arm is still quite large (4g- 5g) relative to other 
productive B.C. sockeye rearing lakes (Wood et al. 1998).   
 

Despite all this, there have been some interesting temporal shifts in fry to smolt 
survival in the Main Arm over time that are hard to explain. Fry to smolt survival in the Main 
Arm ranged from lows of ~25% prior to enhancement to highs in the early 1980’s of >50%, 
then subsequently declined through the 1990’s to <35% (Table 6, top panel Fig. 22).  Fry to 
smolt survival in the North Arm/Nilkitkwa Lake shows an even more striking temporal pattern 
as it has declined to much lower levels over time (data in Table 5, bottom panel Fig. 22).  
Wood et al. (1998) noted that fry-smolt survival in the Main Arm, estimated after pre-
spawning mortality, had been below average and declining since the 1993 brood year, and 
suggested some “other” agent(s) of mortality may be responsible without being able to identify 
what those agents might be.  

 
Recent discussions with DFO limnologists (Ken Shortreed, Dr. Daniel Selbie, Cultus 

Lake Research Laboratory, Cultus Lake, British Columbia) suggests there could be other 
factors limiting fry and smolt production from Babine Lake for which little or no data currently 
exists. For example, it is possible that BLDP fry loading patterns themselves are driving 
temporal patterns in fry-smolt survival in the Main Arm, especially when they are sustained at 
high levels approaching lake rearing capacity. BLDP fry loadings were maintained at a steady 
high rate during the first half of the 2000’s (>220m), and for the past 15 years or so,  BLDP 
loadings have exhibited less variability and more continuous high fry recruitment than any 
previous period.  Lake rearing capacity in sockeye lakes can be compromised when high fry 
densities are sustained over consecutive years because of adverse grazing pressure on the 
available plankton community. Variable fry loading densities (among years) more often allow 
lakes to “fallow” which can help maintain plankton community structure following periods of 
high grazing pressure.  
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Additional factors besides spawner abundance could be limiting fry and smolt 
recruitment to the North Arm/Nilkitkwa Lake. In shallow Nilkitkwa Lake, macrophyte 
densities appear to have increased substantially since the 1970’s which could be providing 
refuge for predators and driving strong depensatory mortality at low fry and smolt densities, as 
well as altering water quality to the detriment of alevin migration and fry and smolt 
production.  In the North Arm, there is concern about changing trophic web dynamics relative 
to the Main Arm given its dramatically different food-chain trophic structure for juvenile 
sockeye with stronger and more prolonged stratification, and different plankton seasonality.  
The North Arm also appears more susceptible to trophic alteration and climate change impacts 
than the Main Arm.  Further research would help assess some of these possibilities. 

 
Resource extraction in the Babine lake watershed has also been cited as a possible 

influence on sockeye production from Babine Lake. In 1966, Granby Mining Co. began 
production in an open pit copper mine located on an island complex in Hagan Arm (Shortreed 
and Morton 2000). A second mine, owned by Noranda Mines Ltd, opened on a peninsula 
separating the Main and Hagan Arms. Both mines closed in 1982 after producing a combined 
520 million kg of copper ore, and tailings ponds associated with mines are located adjacent to 
the lake (Shortreed and Morton 2000). Permitted discharge from the ponds has been entering 
Babine Lake since the mines closed. No significant changes in water quality as a result of the 
tailings ponds have been reported but the potential long-term affects on fish production have 
been questioned by the Lake Babine First Nation (Gottesfeld and Rabnett 2008). 

 
Logging activity within the Babine Lake watershed has been extensive. Selective 

logging of spruce and pine began in 1925 and clear-cut logging started in the 1950’s 
(Shortreed and Morton 2000). In the 1970’s logging mostly occurred in the drainages of Pinkut 
Creek and Fulton River. During the 1980’s logging extended to the eastern side of the lake 
near Hagan and Morrison Arms. While the cumulative affects of logging related sedimentation 
in the Babine Lake watershed (if any) are currently unknown, concerns about impeded fish 
access to spawning sites have been identified (Gottesfeld and Rabnett 2008).  
 
3.7 Marine Survival and Adult Recruitment 

 
Smolt to adult marine survival has been highly variable for Babine Lake sockeye, 

averaging ~4% (1% - 8%) since brood year 1959 (Fig. 23).  Marine survival for brood year 
1995 (14%) seems to be an anomaly and likely relates to under-estimation of smolt abundance 
due to flooding that year. Although adult recruitment does increase as smolt production 
increases (Table 6, top panel Fig. 24), the relationship is not linear because smolt to adult 
survival is inversely related to smolt abundance (Table 6, bottom panel Fig. 24), presumably 
because of density-dependent ecological interactions (Peterman 1982, McDonald and Hume 
1984, Wood et al. 1998, Wood 2001).  R. Peterman, in Walters et al. (2008) has suggested that 
wild smolts from Babine Lake likely face reduced survival rates when BLDP smolt abundance 
is high, although no data exist to test this possibility.  

 
Since cessation of the smolt program in 2002 (brood year 2000), it has not been 

possible to assess more recent relationships between adult recruitment and smolt production 
from Babine Lake. Marine survival was trending downward just prior to cessation of the smolt 
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program, with three of the last four brood years below 2%.  It is not known if  this pattern has 
been maintained since then, or if poor smolt-adult survival has been the main reason Babine 
Lake brood year recruitment has declined so markedly in recent years (Table 7, top panel Fig. 
25) compared to Wood et al.’s (1998) last assessment (Table 7, bottom panel Fig. 25).   

 
Observations from other sockeye populations on the North Coast suggests marine 

survival might now be an issue for Babine Lake sockeye but any distinct patterns are difficult 
to infer from other stocks as there has been extremely wide variation in brood year recruitment 
among sockeye stocks on the North Coast for much of the last decade (Steve Cox-Rogers, 
Fisheries and Oceans Canada, unpublished data on file). For example, sockeye stocks on Haida 
Gwaii (QCI) and some of those in the lower Skeena River and outer North Coastal region have 
been exhibiting a pattern of increased production in recent years. In contrast, Meziadin Lake 
sockeye, a very productive stock and the largest in the Nass River watershed, has been 
showing a declining production pattern similar to Babine Lake sockeye. Sockeye stocks in the 
Atnarko River, Rivers Inlet, and Smiths Inlet areas on the Central Coast have been in a long 
term and persistent period of poor production for 15 years or more. Assuming freshwater 
productivity has been relatively stable (a reasonable assumption), these observations suggest 
marine survival has been locally variable on the North/Central coast, although the mechanisms 
are poorly understood and data do not exist for a proper evaluation.  Indeed, “the elimination 
of monitoring programs that historically provided observations to partition ocean versus 
freshwater survival events for Babine Lake (Skeena) and Meziadin Lake (Nass) sockeye 
indicator stocks has weakened our ability to clearly identify whether current production 
variations influencing returns of sockeye on BC's North Coast are clearly due to marine or 
freshwater events” (Dr. Kim Hyatt, Pacific Biological Station, DFO, pers. comm.). 

 
 
3.8 Escapement Target Development 
 

Escapement targets for Babine Lake sockeye cannot be based on conventional 
assessments of stock productivity because adult returns to Babine Lake originate from both 
wild and enhanced sites with very different productivities (Wood et al. 1998).   Substantially 
different escapement levels are needed to maximize fry and smolt recruitment from the 
enhanced compared to the wild runs (Wood et al. 1998). For example, less than 500,000 
spawners are needed to maximize BLDP fry production (top panel Fig. 26) which, in most 
years, can account for ~90% of the Main Arm’s estimated fry rearing capacity (219m).  This 
level of spawning escapement has always been achieved at the BLDP sites.  In contrast, it 
appears ~300,000 wild late-timed spawners producing ~70m fry, are needed to fully seed 
Nilkitkwa Lake and the North Arm (Fig. 17 and Fig. 27).  Spawning escapements to the late 
runs are now well below this level (~30%).  Similar escapement concerns exist for the early 
and mid-timed sockeye runs as well, with some of the individual streams now seeing some 
very poor returns (Appx. Table 4). 

 
Escapement targets for Babine Lake will also need to consider the Wild Salmon Policy 

(DFO 2005) which requires the development of lower and upper escapement benchmarks for 
individual Conservation Units (CU’s). Currently, two sockeye CU’s have been identified for 
the Babine Lake watershed based on rearing lake criteria (a mid-timed Tahlo/Morrison CU and 
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a Babine Lake CU, Holt and Ciruna 2007); however, more could be specified if other criteria 
are considered. For example, three wild sockeye “CU’s” exist based on run-timing differences 
(the early, mid, and late wild runs) not including the enhanced mid-timed sockeye from Pinkut  
Creek and Fulton River. 

 
Escapement  benchmarks for Babine Lake sockeye CU’s will likely be developed from 

considerations of  historical escapement patterns, new technical assessments of intrinsic 
productivity and spawning capacities, and from updated estimates of  juvenile rearing capacity 
and associated spawning escapements in each of the rearing basins.  The exploitation rates 
required to maintain stock status within benchmark boundaries can be calculated, and 
computer models exist to show  the trade-offs (risks) in stock status when CU’s are fished at 
different rates (Walters et al. 2008, Cox-Rogers et al. 2010).   These types of technical 
analyses will become especially important for Babine Lake sockeye given the known overlap 
between the early, mid, and late-timed runs as they pass through “mixed-stock” fisheries in 
Alaskan and Canadian marine areas, the main stem Skeena River, and as they pass the Babine 
River fence to enter Babine Lake itself. These types of technical analyses should also help 
address a fundamental issue concerning Babine Lake sockeye and Skeena River sockeye 
fisheries in general: how many enhanced sockeye should be produced by the BLDP in support 
of harvest fisheries targeting Skeena River sockeye, and what harvest strategies are most 
appropriate for maintaining wild stock biodiversity (Wood 2001, Walters et al. 2008).  

 
 
4.0 Conclusions 
 

Babine Lake sockeye returns have been on a declining trend for most of the 2000’s, 
down from the previous highs seen through the 1980’s and most of the 1990’s.  Exploitation 
rates have also fallen as returns have declined. It is not known when (or if) a return to higher 
sockeye production from Babine Lake might be expected, and it is not known if the recent 
downward trend in recruitment for all Babine Lake run-timing components (early, mid, and 
late) will continue. Approximately 90% of all Skeena River sockeye are from Babine Lake, 
and of these, an average 75% have been enhanced fish from Pinkut Creek and Fulton River. 
Even if return rates for Babine Lake sockeye decrease, modest enhanced production from 
Pinkut Creek and Fulton River would still be expected in future years because they are so 
productive. Concern exists, however, for production from all the wild runs, especially the late-
timed sockeye spawning in the Lower and Upper Babine River.  

 
It is currently unclear how freshwater and/or marine survival variation may be 

influencing recent Babine Lake brood year recruitment. Reduced adult returns the past decade 
could be due to fewer smolts leaving Babine Lake, fewer smolts surviving as adults in the 
ocean, or some combination of both. Several mechanisms affecting freshwater and marine 
survival have been proposed, but data are lacking to make a proper assessment. Future 
research will be required to address some of the concerns.  
 
1) Escapements: Escapements to the various Babine Lake run-timing components (early, mid, 
and late) have changed somewhat since the last evaluations conducted by Wood et al. (1998). 
Escapements to enhanced Pinkut Creek and Fulton River continue to exceed spawning 
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requirements, even with the recent declines in total production. Escapements to the 
unenhanced late-runs exhibit a long-term declining trend which was not evident in the last 
assessment conducted by Wood et al. (1998).  Late-timed escapements in recent years have 
been much lower than historic levels.  Escapements to the early-timed and mid-timed 
unenhanced runs, although relatively stable through most of the 2000’s, have also been very 
low in recent years.  
 
2) Main Arm Fry and Smolt Production: The majority of fry and smolt production from the 
Main Arm of Babine Lake continues to come from Pinkut Creek and Fulton River. Main Arm 
smolt production, as inferred from enumeration of late-migrant smolts, increased dramatically 
after enhancement began in the 1970’s but was on a declining trend prior to cessation of the 
last brood year assessed (2000), even though enhanced fry output has remained relatively 
stable. It is not known if this pattern has been maintained.  Fry production from Pinkut Creek 
and Fulton River continues to account for ~90% of fry recruitment to the Main Arm; yet total 
fry recruitment to the Main Arm still appears to be below maximum rearing capacity.   
 
3) North Arm/Nilkitkwa Lake Fry and Smolt Production: North Arm/Nilkitkwa Lake smolt 
production, as inferred from enumeration of early-migrant smolts, was on a declining trend 
prior to cessation of the last brood year assessed (2000), consistent with reduced numbers of 
late-run spawners and reduced (inferred) fry production.  It is not known if this pattern has 
been maintained but low returns of adults the past decade suggests this has been the case.   
 
4) Marine Survival and Adult Returns: Both annual and brood year adult returns for Babine 
Lake sockeye have declined from the previous highs observed in the 1980’s and most of the 
1990’s. Up until brood year 2000, the available data still shows increased smolt production 
from Babine Lake leads to increased adult recruitment, but the relationship is non-linear 
because smolt to adult survival is inversely related to smolt abundance, probably because of 
competition between smolts (Wood et al. 1998). However, it is not known how smolt 
production in more recent years relates to adult returns. Marine survival for Babine Lake 
sockeye was on a declining trend prior to cessation of the smolt program, down from averages 
of 4% to <2%.  Observations from other sockeye populations on the North Coast suggests 
marine survival could be an issue for Babine Lake sockeye but any patterns are difficult to 
infer from other stocks as there has been extremely wide variation in brood year recruitment 
among sockeye stocks on the North Coast for much of the last decade, with some stocks doing 
well (e.g. Haida Gwaii, lower Skeena/Coastal) and others not (e.g. Meziadin, 
Rivers/Smiths/Atnarko). Assuming freshwater productivity has been relatively stable, these 
observations suggest marine survival has been locally variable on the North/Central coast, 
although the mechanisms are poorly understood and data do not exist for a proper evaluation. 
Re-establishing the Babine Lake smolt program would assist in tracking trends in smolt to 
adult marine survival, as well as tracking smolt recruitment from Babine Lake.  
 
5) Exploitation Rates: Total exploitation on Skeena River sockeye has averaged just under 
60%  since Babine Lake enhancement began in the 1970’s, with decade averages of  56% 
through the 1970’s,  56% through the 1980’s, 65% through most of the 1990’s, and 43% since 
2000.  Exploitation rates alone do not appear to be the cause of declines in Babine Lake 
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sockeye returns, as recruitment to both the highly productive enhanced sockeye and the less 
productive wild sockeye has declined as exploitation has decreased.  
 
6) Escapement Targets: Although just two sockeye Conservation Units have been identified to 
date for the Babine Lake watershed based on rearing lake criteria (mid-timed Tahlo/Morrison 
and Babine Lake), more could be specified if other criteria are considered. For example, three 
wild sockeye “CU’s” exist based on run-timing differences (the early, mid, and late wild runs), 
not including the enhanced mid-timed sockeye from Pinkut Creek and Fulton River. 
Escapement benchmarks for Babine Lake sockeye CU’s will likely be developed from 
considerations of historical escapement patterns, new technical assessments of intrinsic 
productivity and spawning capacities, and from updated estimates of juvenile rearing capacity 
and associated spawning escapements in each of the rearing basins.  The exploitation rates 
required to maintain stock status within benchmark boundaries can be calculated, and 
computer models exist to show  the trade-offs (risks) in stock status when CU’s are fished at 
different rates.   These types of technical analyses will become especially important for Babine 
Lake sockeye given the known overlap between the early, mid, and late-timed runs as they 
pass through “mixed-stock” fisheries in Alaskan and Canadian marine areas, the main stem 
Skeena River, and in Babine Lake itself.  
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Figure 1.  Map of Babine Lake. 
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Figure 2.  Rearing areas and typical timing of early migrant smolts and late migrant smolts from Babine Lake 
(after Wood et al. 1998). Early migrant smolts originate from late-timed spawners in the Upper and Lower Babine 
River which rear as fry in the North Arm and Nilkitkwa Lake. Late migrant smolts originate from early-timed and 
mid-timed spawners in tributaries to the Main Arm, Morrison Arm and Hagan Arms including Pinkut Creek and 
Fulton River. 
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Figure 3.  Trends in annual Skeena River sockeye returns of all ages (bars) and all-fishery exploitation rates 
(line), 1970-2010. The lower horizontal like represents the current minimum escapement goal of 1,050,00 (2009 
and 2010 are preliminary).    
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Figure 4.  Trends in annual Babine Lake sockeye returns (catch plus escapement), 1970-2010. The trend line is 
fitted by LOWESS (F=0.5) 



24 24

 
 
 
 
 
 
 

1960 1970 1980 1990 2000 2010 2020
Year

0.0

0.2

0.4

0.6

0.8

1.0

Ex
pl

oi
ta

tio
n 

R
at

e 
(M

ar
in

e 
+ 

FS
C

)

1960 1970 1980 1990 2000 2010 2020
Year

0.0

0.2

0.4

0.6

0.8

1.0

Ex
pl

oi
ta

tio
n 

R
at

e 
(M

ar
in

e 
+ 

FS
C

)

1960 1970 1980 1990 2000 2010 2020
Year

0.0

0.2

0.4

0.6

0.8

1.0

Ex
pl

oi
ta

tio
n 

R
at

e 
(M

ar
in

e 
+ 

FS
C

)

Early Middle

Late

 
 

Figure 5.  Trends in modeled exploitation rates (marine + in-river FSC) for Early, Middle and Late-timed Babine 
River sockeye: 1970-2010. The exploitation rate estimates do not yet include any annual ESSR and/or Economic 
harvest of Babine Lake sockeye within the Skeena River or within Babine Lake, which would affect the mid-
timed and late-timed runs. The trend lines are fitted by Lowess (F=0.5).   
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Figure 6.  Trends in the total number of adult (age 4 and age 5) sockeye arriving at the Babine River counting 
fence, 1950-2010. The trend line is fitted by LOWESS (F=0.5). 
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Figure 7.  Trends in the number of adult (age 4 and age 5) Pinkut/Fulton and wild Babine Lake sockeye arriving 
at the Babine River counting fence, 1950-2010. The trend lines are fitted by Lowess (F=O.5).    
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Figure 8.  Trends in the proportions of adult (age 4 and age 5) Pinkut/Fulton and wild Babine Lake sockeye 
arriving at the Babine Lake counting fence, 1950-2010. The trend lines are fitted by LOWESS (F=0.5). 
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Figure 9.  Trends in observed (reported) sockeye adult (age 4 and age 5) spawning escapements for the major 
wild Babine Lake spawning populations, 1950-2010. Trend lines fitted by LOWESS (F=0.5).   
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Figure 10.  Trends in total spawning escapements, 1950-2010, for adult wild Babine Lake sockeye using 
unadjusted escapement data (bottom line), adjusted (A) escapement data corrected for visual underestimate bias 
(after Wood et al. 1995, 1998), and adjusted (B) escapement data corrected for visual underestimate bias (after 
Wood et al. 1995, 1998) and missing annual survey data (fill routine provided by Bill Gazey, Gazey Research, 
Victoria, B.C.) Trend lines fitted by LOWESS (F=0.5).    
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Figure 11.  Trends in reconstructed spawning escapements (following Wood et al. 1995, 1998) for adult (age 4 
and age 5) early wild, middle wild, Pinkut/Fulton and late wild sockeye, 1950-2010. Pinkut/Fulton 1970-2010 
includes actual and surplus spawners. Trend lines fitted by LOWESS (F=0.5). 



30 30

 

 
 

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

Year

0

50000

100000

150000

200000

# 
of

 s
oc

ke
ye

 

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

Year

0

10000

20000

30000

40000

50000

60000

# 
of

 s
oc

ke
ye

 

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

Year

0

500000

1000000

1500000

# 
of

 s
oc

ke
ye

 

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

Year

0

100000

200000

300000

400000

500000

600000

700000
# 

of
 s

oc
ke

ye
 

 
 
 

Figure 12.  Trends in reconstructed sockeye spawning escapements for adult (age 4 and age 5) early wild, middle 
wild, Pinkut/Fulton and late wild sockeye, 1950-1996, as shown in Fig. 3 of Wood et al. (1998). Graph labels 
are the same as in Fig. 11. Pinkut/Fulton 1970-1996 includes actual and surplus spawners. Trend lines fitted by 
LOWESS (F=0.5). 
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Figure 13.  Trends in apparent (top) and actual (bottom) Pinkut/Fulton BLDP surplus spawners 1970-2010. The 
apparent surplus is the total number of adult (age 4 and age 5) Fulton/Pinkut sockeye arriving at Babine River 
fence minus 509,000 maximum BLDP spawning capacity. The actual or biological surplus represents the number 
of adult (age 4 and age 5) spawners locked out of the Pinkut/Fulton facilities after enhanced catch (at Babine 
Lake) and final BLDP spawner loading takes place. Trend lines fitted by LOWESS (F=0.5). 
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Figure 14.  Trends in estimated brood year fry recruitment (millions) to the Main Arm (includes Morrison and 
Hagan Arms) of Babine Lake for the Pinkut/Fulton, early wild and mid wild Babine Lake sockeye, 1950-2010. 
As shown, the light bars represent fry production from just Pinkut/Fulton. The fry rearing capacity of the Main 
Arm alone is estimated to be 219 million fry, not including Morrison and Hagan Arms. 
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Figure 15.  Trends in estimated brood year sockeye fry (top) and late-migrant smolt (bottom) recruitment from 
the Main Arm, Morrison Arm and Hagan Arm of Babine Lake (brood years 1950-2010 fry, 1959-2000 
smolts). The smolt program ended in 2002 (brood year 2000). Lines fitted by LOWESS (F=0.5). 
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Figure 16.  Trends in estimated brood year fry recruitment (millions) to the North Arm/Nilkitkwa Lake for the 
wild Babine River sockeye, 1950-2010. 
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Figure 17.  Relationship between brood year fry to smolt survival vs. fry (top) and brood-year smolt recruitment 
vs. fry (bottom), for sockeye rearing in the North Arm/Nilkitkwa Lake, 1959-2000. 
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Figure 18.  Trends in estimated brood year sockeye fry (top) and early migrant smolt (bottom) recruitment from 
the North Arm/Nilkitkwa Lake (brood years 1950-2010 fry, 1959-2000 smolts). The smolt program ceased 
operation in 2002 (brood year 2000). Lines fitted by LOWESS (F=0.5). 
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Figure 19.  Trends in total brood year fry recruitment (millions) to all of Babine and Nilkitkwa Lakes for the 
Pinkut/Fulton, early wild, mid wild and late wild sockeye, 1950-2010. The light bars represent fry production 
from just Pinkut/Fulton. The fry rearing capacity of all of the Babine/Nilkitkwa Lakes is estimated to be >300 
million fry. 
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Figure 20.  Relationship between brood year fry to smolt survival vs. fry (top) and brood year smolt recruitment 
vs. fry (bottom) for sockeye rearing in the Main Arm, Morrison Arm and Hagan Arm of Babine Lake (1959-
2000) 
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Figure 21.  Relationships between mean late-migrant smolt weight (upper) and late-migrant smolt biomass 
(lower) vs. brood year fry recruitment to the Main Arm, 1960-1995. Lines fitted as Power Functions after Wood 
et al. (1998). 
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Figure 22.  Trends in brood year fry to smolt survival for sockeye rearing in the Main Arm, Morrison Arm and 
Hagan Arm of Babine Lake, 1959-2000 (top),  and in the North Arm/Nilkitkwa Lake, 1959-2000, (bottom). 
Lines fitted by LOWESS (F=0.5). 
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Figure 23.  Trends in brood year smolt to adult marine survival for Babine/Nilkitkwa Lake sockeye, 1959-2000. 
Lines fitted by LOWESS (F=0.5). 
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Figure 24.  Relationship between brood year adult recruitment (age 3, 4 and 5) vs. smolts (top) and smolt to adult 
survival vs. smolts (bottom) for all Babine Lake/Nilkitkwa Lake sockeye, 1959-2000. Lines fitted as a Power 
Function. 
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Figure 25.  Trends in adult brood year recruitment (age 3, 4 and 5) for Babine Lake/Nilkitkwa Lake sockeye, 
1950-2005 (top) and as reported for 1950-1992 (bottom), in Fig. 8 of Wood et al. (1998). Line fitted by LOWESS 
(F=0.5). 
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Figure 26.  Relationship between Pinkut/Fulton brood year fry (millions) vs. actual (effective) spawners (age 4 
and age 5) (top), and fry/spawner vs. actual (effective) spawners (age 4 and age 5) (bottom) for the BLDP 
production years, 1966-2010. Lines fitted as Power Functions. 
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Figure 27.  Stock-recruitment relationship (early-run smolts vs. late-run spawners) for sockeye rearing in the 
North Arm/Nilkitkwa Lake for brood years 1959-2000. 
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Table 1.  Estimated annual Skeena River sockeye catch by fishery, exploitation rate by fishery and total stock 
size, adults only, 1970-2010 (2009 and 2010 preliminary). 
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Table 2.  Annual Skeena River sockeye escapement, total stock size and estimated Babine Lake stock size, all 
ages, 1970-2010 (2009 and 2010 preliminary). Updates to Appendix Table 3 of Wood et al. (1998). 
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Table 3.   Estimated (modeled) annual exploitation rates (Marine + In-river FSC) for Skeena River sockeye sub-
stocks peaking in Canadian Statistical Areas 3/4 during each specific week. Wk 71 is first week of July, Wk 72 is 
second week of July, etc. Babine Lake sub-stock timing is estimated to be Wks 64 to 72 for the early runs, Wks 
73 to 74 for the middle runs, and Wks 74 to 75 for the late runs, but there is significant overlap (Smith and Jordan 
1973). 
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Table 4. Reconstructed (adjusted) annual Babine lake sockeye escapements by run-timing group: 1950-2010.  
Updates to Table 1 of Wood et al. (1998) 
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Table 5.  Brood year fry and smolt production by run-timing group from Babine/Nilkitkwa Lake: 1950-2010. The 
smolt program ended in 2002. Modifications and updates to Table 2 of Wood et al. (1998). 
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Table 6.  Brood year fry, smolt, and adult production (recruitment) from Babine/Nilkitkwa Lake: 1950-2005. 
Modifications and updates to Table 3 of Wood et al. (1998).  
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Table 7.  Babine Lake sockeye fence counts (includes catch) and adult returns by brood year: 1950-2005. 
Updates to Appendix Table 4 of Wood et al. (1998).  
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Appendix Table 1.  Estimated Babine Lake Development Project (BLDP) contributions to Skeena River sockeye 
returns: 1982-2010.  
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Appendix Table 2.  The escapement adjustment process for Babine Lake sockeye as reported in Wood et al. 
(1995). 
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Appendix Table 2. Continued. The escapement adjustment process for Babine Lake sockeye as reported in 
Wood et al. (1995). 
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Appendix Table 2. Continued.  The escapement adjustment process for Babine Lake sockeye as reported in 
Wood et al. (1995). 
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Appendix Table 3. Corrected (adjusted) Babine Lake sockeye escapements and decade means by run-timing 
group: 1950-2010. Updates to Table 1 of Wood et al. (1995). 
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 Appendix Table 3. Continued.   Corrected (adjusted) Babine Lake sockeye escapements and decade means by 
run-timing group: 1950-2010. Updates to Table 1 of Wood et al. (1995). 
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Appendix Table 4.  Babine River unadjusted escapement counts 2010: Source DFO “Escapement Table 
Database” (Spilsted and Spencer 2009). The run-timing group each has been assigned beside each stream name.  
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Appendix Table 4 Continued.  Babine River unadjusted escapement counts 2000-2009: Source DFO 
“Escapement Table Database” (Spilsted and Spencer 2009).  
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Appendix Table 4 Continued.  Babine River unadjusted escapement counts 1990-1999: Source DFO 
“Escapement Table Database” (Spilsted and Spencer 2009).  
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Appendix Table 4 Continued.  Babine River unadjusted escapement counts 1980-1989: Source DFO 
“Escapement Table Database” (Spilsted and Spencer 2009).  
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Appendix Table 4 Continued.  Babine River unadjusted escapement counts 1970-1979: Source DFO 
“Escapement Table Database” (Spilsted and Spencer 2009).  
 
 
 

            
 
 
 
 
 
 
 
 
 



64 64

Appendix Table 4 Continued.  Babine River unadjusted escapement counts 1960-1969: Source DFO 
“Escapement Table Database” (Spilsted and Spencer 2009).  
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Appendix Table 4 Continued.  Babine River unadjusted escapement counts 1950-1959: Source DFO 
“Escapement Table Database” (Spilsted and Spencer 2009).  
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