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Babine River Sockeye Migration and Predation 

Executive Summary 

The following report provides Year 2 results for the Babine River Sockeye Migration and 
Predation project, which received funding from the Pacific Salmon Commission Northern 
Endowment Fund (NF-2016-I-27) for a second year. The overall objective of year 2 of this 
study was to address the decreasing abundance of the Babine River sockeye stock by 
increasing the understanding of the juvenile sockeye life history of the Babine River stock 
guided through investigation of the following: 

1. Early-life ecology; behaviour and migration 
2. Biotic considerations; parameterization of predation, health, and growth 
3. Abiotic factors; habitat conditions, namely temperature and flow regimes 

 
The Lower Babine River (LBR) was the primary data gathering area in 2016, with 
additional monitoring carried out in the Upper Babine River (UBR). Lake Babine Nation 
Fisheries (LBNF) is pursuing expanded spatial investigations of the UBR and LBR, 
especially in terms of wetland, off-channel and downstream area usage, where fry may hold 
or rear during high spring flows or later into the summer months. 
 
To investigate the early life history of Babine River fry, Lake Babine Nation Fisheries 
(LBNF) observed over 42,000 fry through bank walk observations, noting that schooling 
behaviour was less prevalent than in 2015.  Despite low freshet flows monitored in 2016, 
underwater video footage demonstrated that only 34% of individuals travelling along the 
west bank at the adult salmon enumeration weir were able to move upstream successfully. 
The 0.54m/s, mean velocity individuals were found to be swimming upstream  was almost 
identical  to the 0.55m/s maximum water velocity in which sockeye could sustain forward 
movement  reported in Bell (1990).  The 0.54m/s mean velocity was also similar to the 
0.76m/s velocity threshold reported by Clarke (1967) for Babine River sockeye fry. It was 
estimated that 56% of the LBR juvenile population (brood year 2015), likely an 
underestimate, passed downstream from the Babine River spawning grounds to some 
distance below the adult enumeration weir during the fry migration period in 2016. The 
monitoring of sockeye fry general health and condition indicated that, overall, sockeye fry 
averaged 25mm in fork length (FL) and were fully ‘buttoned up’ with little to no yolk sac 
remnants. Very few individuals were observed with visible residual yolk in the anterior 
region, suggesting condition near to energy store depletion.  No external evidence of 
parasitism on sockeye fry was observed.   
 
The same trapping method for estimating the number of fry passing downstream of the 
adult salmon counting weir described in Clarke (1967) was used estimate the total number 
sockeye fry that were displaced downstream of the Babine adult counting fence in 2016.  
Based on recent fecundity and sex ratio data, it was estimated that 281fry were produced 
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for every spawner for brood year 2015.  Based on the 281fry to spawner ratio and an 
adjusted lower Babine River escapement of 15,644 spawners, it was estimated that 
4,401,517 fry were produced from the 2015 brood year escapement.  It was further 
estimated that 2,456,142 fry or 56% of the LBR stock fry migrated or were swept below the 
adult enumeration weir between mid-May and late June 2016.  A similar result was 
obtained using the 233 fry: spawner ratio which produced an estimate of 3,645,052 lower 
Babine River total fry produced in 2016 of which 2,456,142 fry, or 67% of total lower 
Babine River fry production, were displaced or migrated downstream of the adult counting 
fence.  The proportion of fry that were displaced or migrated downstream of the Babine 
River adult salmon counting fence was considerably higher than the 18% of fry estimated 
to have been displaced or migrated downstream of the adult salmon fence in 1966 by 
Clarke (1967) despite 2016 Babine River discharge approaching record lows during the fry 
migration period.  It is possible that some fry that were captured by trapping at the adult 
fence in both 1966 and 2016 were produced from upper Babine River spawners.  
 
Predatory fish observations and trapping were conducted in the fall of 2016 by use of 
setlines, gillnets and angling. Similar to McCart (1967) a low rate of predation on sockeye 
fry in Nilkitkwa Lake was observed (15% of all 20 predator fish stomachs sampled) though 
the majority of consumed fish were at an advanced state of digestion and unidentifiable to 
species.  If future study on the predation of juvenile sockeye by fish predators is conducted, 
it is recommended that sampling be conducted during the spring sockeye fry downstream 
migration period as was conducted by McCart (1967).  To minimize digestion time and 
maximize the ability to identify consumed fish to species, sampling and stomach 
removal/preservation would be conducted during peak feeding times which typically occur 
in the early morning and evening.  
 
Collaboration between LBNF and the Skeena Fisheries Commission (SFC) biologist Janvier 
Doire allowed for the completion of a hydroacoustic survey of Nilkitkwa Lake in September 
2016 from which it was estimated that 633,000 sockeye fry were rearing in Nilkitkwa Lake 
on the date of the survey.  Other potentially adverse biotic and abiotic constraints on 
Babine River sockeye salmon were revealed through quantitative and qualitative 
observation, discussions with LBN band members (TEK) and literature review of events 
and impacts that may have altered late run sockeye spawning and rearing habitat. 
Expansion of macrophytes into spawning and rearing habitats and nutrient loading has 
emerged as a potential factor affecting sockeye spawning and rearing habitat.  Proposals 
are being submitted to monitor macrophyte species composition and distribution and to 
monitor Nilkitkwa Lake water quality. 
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Introduction 

Sockeye salmon (Oncorhynchus nerka) generally have either lake-type or river-type life 
history patterns.  The majority of stocks, referred to as lake-type sockeye, spawn in 
tributaries upstream or downstream of lakes or on lakeshores with emergent fry rearing in 
lake habitats for one or two years (e.g. Foerster, 1968; Burgner, 1991; Wood, 1995).  River-
type (hereafter, riverine) stocks spawn in rivers and their offspring may rear in off-channel 
habitat or estuaries, before migrating to the ocean 6 to 24 months following emergence 
(Gilbert, 1913; Semko, 1954).  In the Skeena watershed, several small river spawning 
stocks exist but riverine (river rearing) sockeye have only been documented in the 
Zymoetz and Kispiox drainages (Beacham et al,, 2004, Beacham et al. 2014).   
 
The Babine watershed, approximately 430km upstream from the mouth of the Skeena 
River, produces up to approximately 90% of Skeena River sockeye salmon and has three 
distinct but overlapping early, mid and late-timed runs (Wood et al., 1998). The adult 
sockeye which spawn in the Babine River upstream of Nilkitkwa Lake (Upper Babine River 
(UBR)) and in the Lower Babine River (LBR) at the outlet of Nilkitkwa Lake, were 
historically the largest stock in the Babine watershed (Cox-Rogers and Spilsted, 2012).  In 
the Babine River, some offspring migrate upstream upon emergence, to rear in Babine and 
Nilkitkwa lakes (McDonald and Hume, 1984, Wood et al., 1998), but many emergent fry 
also travel some distance downstream in the Babine River, where their fate is largely 
unknown. Clarke and Smith (1972) estimated that in 1966, 7.5 million fry, an estimated 
18% of the total fry production from the LBR, passed downstream of the adult counting 
fence located 1.6km downstream of the outlet of Nilkitkwa Lake. There has been little 
investigation of downstream migrating fry during the freshet in the Babine River and there 
is a possibility that individuals who travel downstream may survive and rear in off-channel 
habitat of the Babine or Skeena Rivers or in the Skeena River estuary.  This is supported by 
observations in recent years of large schools of fry holding in backwater areas in the 
Babine River, downstream of the adult enumeration fence. 
 
Based on fry movement observed upstream and downstream of the Babine River adult 
counting fence by Clarke (1967); McCart (1967); Narver and Andersen (1969) and Clarke 
and Smith (1972), it has been assumed that fry produced in the UBR predominantly rear in 
the North Arm of Babine Lake while fry produced in the LBR predominantly rear in 
Nilkitkwa Lake.  Narver and Andersen (1969) also marked fry immediately downstream of 
the fryway at the LBR adult salmon enumeration fence (fence hence forward), but of the 
estimated 58,700 marked, recovered only two fry in the North Arm of Babine Lake 
confirming this upstream movement.  Narver and Andersen (1969) did not conduct any 
sampling for marked fry in Nilkitkwa Lake.  In Wood et al. (1998) it was stated that 
unpublished data obtained from tagging studies reported by MacDonald and Smith 
confirmed that at least some UBR and LBR fry rearing in Nilkitkwa Lake and the North Arm 
of Babine Lake. The reliability of these unpublished data are unknown.   
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Prior to 1971, the year enhancement channels began full operation , early migrant smolts 
(those from UBR and LBR populations) averaged 11.9 million/year, but decreased to 2.7 
million/ year between 1985 and 1994.  Smolt enumeration ended in 2002 but due to the 
importance of smolt enumeration data for fisheries management purposes, was again 
conducted from 2013 to 2016 during which the average annual smolt production of all four 
years was 5.7million smolts/year. 
 
The Babine River adult salmon enumeration weir, constructed in 1946, has been operated 
during adult salmon migration annually to the present.  The weir was first rebuilt in the 
winter of 1967 on top of a 60cm sill.  Clarke (1967) observed that sockeye fry, emerged 
from the UBR and LBR spawning sites, that were either displaced or had moved 
downstream of the adult counting fence during spring freshet, were unable to migrate back 
upstream to Nilkitkwa Lake and Babine Lake North Arm rearing habitats. It was suspected 
that high river velocities and the 60cm sill acted as a physical barrier to fry upstream 
movement.  These observations by Clarke (1967) led to the installation of a fry fishway 
(hereafter ‘fryway’), likely in 1967 during the first rebuild, to facilitate the upstream 
movement of fry past the enumeration weir to provide access to lake rearing habitat in 
Nilkitkwa Lake and the North Arm of Babine Lake.  The efficacy of the fryway was 
investigated and reported by Shepherd (1979) as providing adequate bypass opportunity 
for the majority of LBR sockeye fry. 
 

The counting fence was again rebuilt during the winter of 1992/1993 that included the 
removal of the 60cm sill such that the concrete foundation of the counting fence was at 
grade level (flush with the stream bed) to reduce stream turbulence.  During the 
1992/1993 rebuild, the fryway was almost entirely removed with an approximately 10m 
length of corrugated sheet piling upstream of the enumeration weir remaining (referred to 
as the remnant fryway hence forward).  All baffles were removed resulting in high water 
velocities, suspected of exceeding 0.55m/s threshold through the remnant fryway during 
spring freshet (Doire, 2016), the period in which the majority of sockeye fry move or 
migrate upstream to access lake rearing habitat (e.g. McCart, 1967; Clarke, 1967, LBNF, 
2015; Doire, 2016).  Bell (1990) observed that 0.55m/s was the maximum velocity 
threshold for sustained sockeye fry swimming.  The decline in LBR and UBR populations 
may therefore be due in part to the presence of a velocity barrier at the enumeration weir 
resulting in an inability of sockeye fry that migrate or are displaced downstream of the 
weir from reaching upstream lake rearing habitats in Nilkitkwa Lake and the North Arm of 
Babine Lake.   

Little investigation has been carried out in regards to sockeye fry emergence and migration 
to rearing grounds in the North Arm for UBR fry and to Nilkitkwa Lake for LBR fry since 
McCart (1966), Clarke (1967), Clarke and Smith (1972) and Narver and Andersen (1969). 
There is therefore uncertainty as to whether a Babine River sockeye fry riverine ecotype 
presently exists in the Babine River or further downstream in the Skeena River, and the 
capacity in which river rearing fry may influence Babine River recruitment to spawning.  
Also unknown is the proportion of lake-rearing fry displaced downstream of Nilkitkwa 
Lake and their ability to return to Nilkitkwa Lake or the North Arm of Babine Lake to rear. 
Current data on Babine River sockeye fry production, survival and habitat use is needed to 
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identify mitigation measures that could be implemented that may assist in the recovery of 
the UBR and LBR populations.  
 
The overall objective of the following Year 2 study was to address the decreasing 
abundance of the Babine River sockeye stock by increasing the understanding of the 
juvenile sockeye life history of the Babine River stock through investigation of the 
following: 
 

1. Early-life ecology; behaviour and migration, including the quantification of the 
number of fry that migrate or are displaced downstream of the adult salmon 
enumeration weir  

2. Biotic considerations; parameterization of predation, health, and growth 
3. Abiotic factors; habitat conditions, namely temperature and flow regimes 

Background 

Lake Babine Nation (LBN) has utilized, managed and sustained salmon resources 
throughout their traditional territory. Salmon harvest historically occurred primarily at Tsa 
Tesli (Babine River, downstream of Nilkitkwa Lake), at the present site of Fort Babine 
(Wit’at), at Tachek (at the mouth of the Fulton River) and at Morrison River (Figure 1) 
(Helgeson ,1904; Hackler, 1958; Kobrinsky, 1973). Catches averaging 750 000 sockeye at 
Tsa Tesli supported subsistence food harvest with surplus for trade within the Skeena and 
Fraser drainages (Helgeson, 1904).  When commercial fishing on the coast impelled the 
Canadian federal government to intervene and dictate fishing activities, LBN traditional 
fishing and practices were suppressed (Harris, 2001).  Prior to this intervention, LBN had 
practiced sustainable fishing techniques and conserved a healthy and diverse salmon 
population (Gottesfeld and Rabnett, 2008).  

Study Area  

The Babine Lake watershed (Figure 1) and its sub-basins drain approximately 6500km2 of 
area making it the largest tributary basin to the Skeena River. Morrison, Fulton, Pinkut and 
Sutherland Rivers are the largest contributors to the Upper Babine Watershed, with 
additional small creeks flowing directly into the lake.  Some of the smaller tributaries often 
develop gravel bars at the mouths that can restrict or inhibit spawner access during the 
late summer.  Several discrete basins exist within Babine Lake, differentiated by time since 
formation, thermal history, depth, thermocline characteristics and period of ice cover (LBN 
2015). 
 
The Upper Babine River (UBR) drains the Babine Lake from the North Arm into Nilkitkwa 
Lake (Figure 2).  The UBR flows 2.3km north and is divided into escapement Areas 1, 2 and 
3. Also known as Rainbow Alley, the UBR was created by sediment deposition from the 
Tsezakwa Creek alluvial fan (Wilford et al., 2000).  Low flow (usually less than 1m/s) and 
small gravel substrate allow for the formation of unique sockeye spawning dune structures  
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Figure 1. Lake Babine Nation (LBN) traditional territory, including the primary salmon 
spawning tributaries, Fulton River and Pinkut River enhancement channels, LBN 
communities and historical salmon harvesting locations. 

Tsa Tesli 

Morrison River 

Wit’at 

Tachek 



Babine River Sockeye Fry Migration Predation                                        5 
  

that persist throughout the year (Figure 3, LBN 2015).  This area contributes to the most 
productive natural spawning grounds in the Skeena watershed, with heaviest spawning 
activity occurring in the middle section of the UBR, decreasing upstream to the North Arm 
and downstream to Nilkitkwa Lake.  High spawning densities enrich the downstream 
environment in Nilkitkwa Lake, including increased transport and deposition of fine 
sediment, periphyton biomass, invertebrates and marine derived nutrients. 
 
 

 

Figure 2. Upper Babine River looking north from Fort Babine downstream to Nilkitkwa 
Lake, with Smokehouse Island visible at the Nilkitkwa Lake inlet (top center).  

 

Figure 3. Upper Babine River dune structure formed from salmon spawning.  
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The Lower Babine River (LBR) drains Nilkitkwa Lake and extends 2.2km downstream to 
the mouth of the Nichyeskwa Creek (Figure 4). The LBR is divided into escapement Area 4 
(Nilkitkwa Lake to the enumeration weir) and Area 5 (enumeration weir to Nichyeskwa 
Creek). The LBR is slightly larger in width and, averaging 1.3m/s in 2016 (center, bed), is 
generally marginally faster than the UBR. Spawning activity in the LBR is most heavy at the 
furthest upstream point, immediately downstream from the Boucher Creek mouth.  Very 
little spawning occurs below the enumeration weir, where velocity is higher and more 
turbulent and substrate is dominated by cobbles and boulders. 
 
The section of the LBR approximately 25m upstream and downstream of the enumeration 
weir, on both east and west banks, has been smoothed and channelized for construction 
and maintenance purposes related to the weir and camp grounds. Backwater conditions 
however do exist on the west bank upstream from the fence (a floodplain behind the land 
peninsula) and downstream at the outlet of Nichyeskwa Creek (Figure 5). On the east 
bank, there is little backwater microhabitat. 
 

 

Figure 4. Downstream section of the Lower Babine River looking north, downstream from 
Tsa Tesli to the mouth of the Nichyeskwa Creek. The DFO-owned Babine River 
enumeration weir (fence) and camp are visible in the foreground. The 4000 Road 
bridge is visible downstream in the background. 
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Figure 5. Lower Babine River, with backwater locations at Nichyeskwa Creek (top left) and 
peninsula and floodplain (center right). 

The Water Survey of Canada (WSC) has operated the 08EC001 gauging station, located at 
Fort Babine, periodically from 1929 to the present.  Water levels continue to be monitored 
at 08EC001 but discharge monitoring was discontinued after 1985 (Figure 6, Figure 7). 
The WSC 08EC013 gauging station located at Tsa Tesli, immediately downstream of the 
adult salmon counting fence, has monitored water level and discharge continuously since 
1972 (Figure 8). Peak flows in tributaries and Babine River occur in May and June, 
following ice break-up on Babine lake and during snowmelt.  Flows then decrease 
throughout the summer, reaching the lowest point between late August and early 
September (Figure 9).  Recent climactic conditions in the Babine Lake watershed have led 
to reduced duration of lake ice cover and earlier snowmelt, resulting in earlier and more 
prolonged low flow conditions during the salmon spawning period (LBNF, personal 
observations). In 2016 a low snow pack resulted in earlier ice-out (LBNF, personal 
observations).   
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Figure 6. WSC station 08EC001 at Fort Babine, UBR level record for spring and summer 2016, 
March 1, 2016 to September 1, 2016. Courtesy of WSC. 
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Figure 7. Lower Babine River discharge data collected by WSC station 08EC001 at Fort Babine 
periodically from 1929 – 1985.  Courtesy of WSC.  

 

Figure 8. Discharge data collected at Tsa Tesli, immediately downstream of the adult 
salmon counting fence, from 1972 to the present.  2016 Discharge is in red font. 
Courtesy of WSC.  
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Figure 9. WSC station 08EC013 at Tsa Tesli, LBR level and discharge record for March 1, 2016 to 
September 1, 2016. Courtesy of WSC.  

The Babine watershed supports significant populations of sockeye (Oncorhynchus nerka), 
pink (O. gorbuscha), coho (O. kisutch) and Chinook (O. tshawytscha) salmon and steelhead 
trout (O. mykiss).  These populations support subsistence food and trade fishing by LBN and 
other First Nations communities within the Skeena watershed. Rainbow trout (O. mykiss), 
cutthroat trout (O. clarkii), bull trout (Salvelinus confluentus), Dolly Varden (S. malma), lake 
trout (S. namaycush), kokanee (O. nerka), lake whitefish (Coregonus clupeaformis), 
mountain whitefish (Prosopium williamsoni), burbot (Lota lota), along with sculpin, suckers 
and shiners, make up the majority of the resident freshwater fish community of Babine 
Lake and Nilkitkwa lake. 
 
Babine Lake drains into the Upper Babine River, the latter draining into Nilkitkwa Lake.  
Nilkitkwa Lake comprised of two basins, is shallow with a maximum depth of 19m (Doire 
et al., 2015) and characterized by extensive littoral zones currently supporting extensive 
aquatic plant (macrophyte) communities.   
 
Nilkitkwa Lake has been studied far less than Babine Lake, particularly in terms of 
limnological conditions including lake sediment characteristics and geochemistry, 
sedimentation rate input, nutrient levels, pollutant levels, zooplankton community and 
thermal stratification. The only surveys of Nilkitkwa Lake zooplankton community known 
was conducted from 1955 to 1963 (Johnson, 1965).  No substantial data on Nilkitkwa Lake 
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water quality is known and is limited to dissolved oxygen and temperature profiles 
collected by Doire et al. (2015). Also unknown is the potential inputs from surface and 
subsurface flows passing near the location of the Fort Babine sewage treatment plant on 
the Tsezakwa Creek fan. 
 
Both Babine Lake and Nilkitkwa Lake thermally stratify during the summer (Doire et al., 
2015).  Doire et al. (2015) observed Nilkitkwa dissolved oxygen levels of > 9.0mg/L at 14oC 
at the water surface which declined to 5 mg/L at a depth of 12m.  A dissolved oxygen 
concentration of 5.0 mg/L is the Province of BC minimum requirement guideline for all life 
history stages of fish (BC MOE, 2016).  Davis (1975) stated in his review that at 6.5mg/L, 
juvenile Pacific salmon can show symptoms of oxygen distress.  Nilkitkwa Lake sockeye 
rearing habitat suitability and carrying capacity during summer stratification may 
therefore be limited by low dissolved oxygen levels.  Cox-Rogers and Spilsted (2012) 
reported that macrophytes in Nilkitkwa Lake have increased in distribution and abundance 
over the last several decades which may possibly be due to nutrient loading and sediment 
deposition. Biological oxygen demand (BOD) may have increased due to increased primary 
production.   

Babine System Sockeye: Enhanced, Wild and River Type 

Babine Lake is the largest sockeye salmon nursery lake in British Columbia and, including 
Babine River populations, supports the largest sockeye population in Canada  (Gottesfeld 
and Rabnett 2008). Babine sockeye support marine harvest in both Alaska and Canadian 
Areas 1 to 5, as well as First Nation Food, Social and Ceremonial (FSC) and Economic and 
Excess Surplus to Spawning Requirement (ESSR) fisheries. 
 
Twenty-nine spawning tributaries drain into the Upper Babine watershed, some of which 
support sockeye spawning.  Lakeshore spawning also occurs in some locations but the 
large majority spawn in streams and rivers.  The large majority of Babine sockeye return as 
4 or 5 year olds, usually in three distinct runs, as timed through the enumeration weir 
(Smith and Jordan 1973).  Early, mid and late-timed stocks also exhibit more complex life 
histories within some distinct stocks, for example the early and late Tahlo runs. Takagi and 
Smith (1973) observed that migration time between the mouth of the Skeena and the 
enumeration weir was found to average three weeks, with early, mid and late-timed runs 
having median migration times of 24.5, 14-18, and 21.3 days, respectively.   
 
The spawning enhancement channels on Pinkut and Fulton Rivers were constructed 
between 1965 and 1971, as part of the Babine Lake Development Project. This was based 
on conclusions that the Upper Babine watershed was spawning habitat limited, and that 
rearing capacity in the main lake basin was not fully utilized (Johnson, 1956; Johnson, 
1958; Johnson 1961). Projected production from the channels was 100 million fry per year, 
but averages are nearer to 206 million annually. On average, the enhancement channels 
account for an average of 89% (range of 63-98%) of fry production to the Main Basin of 
Babine Lake and on average 67% (range of 33-85%) of the fry production from the Babine-
Nilkitkwa system (Wood et al., 1998). 
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Egg-to-fry survival in the enhancement channels averages 50%, but is highly variable, 
ranging from 7 to 83% (Wood et al. 1997). Clarke and Smith (1972) estimated that River 
stocks likely exhibited egg to fry survival of 15%.  McDonald and Hume (1984) determined 
that the mean number of fry production in the unregulated natural sections of the Fulton 
River and Pinkut River was 233fry/spawner.  McDonald and Hume (1984) recognized that 
estimating annual fry production by multiplying the number of spawners by 233 produces 
gross approximations of fry production due to annual variability in spawner abundance, 
special and temporal variation in spawning habitat characteristics between spawning 
tributaries, in addition to variations in adult spawner condition, egg quality,  embryo, fry 
quality and alevin and newly emerged fry survival.  However, such estimates have proven 
useful in estimating total fry production for a given year and the results obtained using this 
method produced nearly the same results as the fry estimates provided in Clarke and Smith 
(1972).  
 
Late-timed sockeye runs to UBR and LBR have exhibited long-term declines in the last 3 
decades, accompanied by decreasing fry recruitment to the North Arm and Nilkitkwa Lake 
(Figures 10 to 12) (Cox-Rogers and Spilsted, 2012). The UBR and LBR FOC Areas 1 to 5, 
located immediately downstream of the North Arm and Nilkitkwa Lake, are considered 
high quality spawning and incubation habitat as locations immediately downstream of 
lakes can receive stable water flows, even in periods of drought as is confirmed by the WSC 
hydrometric data described above, and exhibit moderated temperatures (Wetzel, 2001; 
Jones, 2010), especially if wind-driven mixing allows for upwelling of deep, cold water to 
the lake outlet (Monismith, 1986; Wetzel, 2001).  Fry that emerge in these areas however, 
must swim upstream to reach nursery grounds in the North Arm of Babine Lake and 
Nilkitkwa Lake. 
 

 

Figure 10. Escapement (observed, reported) counts for late-timed Lower River and Upper 
River Babine adult sockeye spawners (age 4 and 5) for 1950 to 2010, fitted by 
LOWESS trendline (F=0.5) (Courtesy of Cox-Rogers and Spilsted, 2012). 
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In the last century, escapement for the lower Babine River has diminished considerably, 
(Figure 10). Estimated fry production, smolt recruitment and fry to smolt survival in both 
the UBR and LBR have also declined (Figure 11, Figure 12)(Cox-Rogers and Spilsted, 
2012). 

 

Figure 11. Estimated fry production and recruitment from the North Arm of Babine Lake 
and Nilkitkwa Lake (brood years 1950 to 2010), fitted by a LOWESS trendline (F = 
0.5) (Courtesy of Cox-Rogers and Spilsted, 2012). 

 

Figure 12. Sockeye  fry-to-smolt survival for the North Arm of Babine Lake and Nilkitkwa 
Lake, the rearing grounds for Babine late-timed sockeye, from 1959 to 2000, fitted 
by a LOWESS trendline (F = 0.5) (Courtesy of Cox-Rogers and Spilsted, 2012). 
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Riverine sockeye populations have been shown to have greater genetic diversity 
(measured by allelic richness and heterozygosity) than their lake-type counterparts 
(Gustafson and Winans, 1999; Beacham et al. 2004; Beacham et al., 2006). They are 
believed to have been the colonizing stocks, following glacial retreat in North America, due 
to weaker natal habitat fidelity and resulting increased rates of straying to newly accessible 
areas (Wood, 1995; Gustafson and Winans, 1999; Pavey et al. 2007). Together, these 
factors highlight the fact that the decline of the Babine River stock is of increasing concern 
due to declines in wild adults, fry and smolts) Cox-Rogers and Spilsted (2012).  An  increase 
in the abundance  of enhanced stocks post BLDP proportional to wild stocks suggests 
enhanced stocks have had a negative impact on wild stocks (Figure 13, Cox-Rogers and 
Spilsted, 2012).  A similar decline in the abundance of fry and smolts in the North Arm of 
Babine Lake and Nilkitkwa Lake, which are produced largely by upper Babine River and 
lower Babine River sockeye adults, has also occurred (Cox-Rogers and Spilsted, 2012). The 
Babine River stock is an invaluable resource in terms of securing the sustainability of 
Babine sockeye due to a possible high genetic diversity present in the LBR and UBR stocks 
and uncertainty regarding future climate variation and existing and future land use 
development related impacts that may alter Lake Babine watershed sockeye habitat.  
Improving the understanding of UBR and LBR juvenile sockeye life history is needed to 
identify possible bottlenecks in sockeye fry-smolt survival and management strategies that 
could be implemented to recover the UBR/LBR stock.  

 

Figure 13. Proportion (percent) of Babine sockeye escapement from wild early-, mid-, and 
late-timed runs combined (X,) and enhanced Pinkut and Fulton stocks (•) from 1950 
to 2010. Fitted by a LOWESS trend line (F = 0.5) (Courtesy of Cox-Rogers and Spilsted, 
2012). 

Recovery planning has been initiated for the Babine late-timed Babine River sockeye, 
including the establishment of the Babine Critical Cultural Zone to protect and conserve 
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Babine sockeye and their habitat.  LBNF wishes to continue the investigation of the Babine 
River stock to further understand this unique life history pattern and identify appropriate 
management and conservation strategies to address stock decline. 
 

Methods 

Bank walk Observations 

Bank walks were conducted again in 2016 as they were very effective in 2015 for informing 
technicians about salmon emergence, habitat use, general and individual behaviour and 
timing of upstream sockeye fry migration.  The early life ecology of Babine River sockeye 
salmon fry was observed throughout the emergence and migration period, namely through 
bank-walk and video observations, and trapping of downstream migrating individuals. 
 
. Technicians walked from the mouth of Nichyeskwa Creek (at 09U 645606 6145242) 
upstream to the ‘cutbank’ at 09U 646314E 6143723N on the west bank, and on the east 
bank from the same downstream point, to the beginning of the east bank slough at 09U 
646260E 6144129N. Fry behaviour, direction and speed were observed and documented.  
Groups of fry and individual fry were recorded through marked locations with the use of 
Garmin GPSMap 64s.  Fry in the river were counted and identified to species with the use of 
binoculars. 

Video Monitoring 

Fry movement along the west and east banks were captured using GoPro4 and GoPro3+ 
cameras, positioned immediately upstream and downstream of the adult salmon 
enumeration weir. The cameras were fastened to a wooden frame on the west bank and to 
Trap 1 nearest the East bank.  The cameras were pointed perpendicular to flow and were 
positioned about 1.5m from their respective banks. Upstream west bank video was taken at 
the immediate upstream end of the remnant fryway and downstream west video was taken 
at the immediate downstream end of the remnant fryway metal sheet piling (both positions 
within 0.5m of the end of remnant sheet piling). The east bank camera was about 5m 
upstream of the upstream edge of the adult enumeration fence, in order to capture video 
against the largest and most flat riprap boulder, to minimize water behind a metal view 
grid.  
 
The 5cm view grid (approximately 1m x 2m) painted on to aluminum signboard was used 
to track speed and size of fish observed, and was necessary for clear observation of the fry. 
Video footage was captured in one hour segments throughout daylight hours and for the 
duration of the upstream migration (approximately May 20 – June 30 2016). 
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Overnight Downstream Trapping 

Downstream traps were created and fished following the methodology outlined by Clarke 
(1967) and Clarke and Smith (1972).  The traps were numbered T20, T40, T60 and T80, 
spaced at distances 20m, 40m, 60m and 80m from the east bank, and positioned to avoid 
adult pen platforms and support pilings beneath the enumeration weir deck (small 
adjustments, less than 2m). The net traps were made square (33.5cm x 33.5cm) and 
suspended from the deck railings to strain the top foot of water.  Sockeye fry capture 
efficiency/fishability (calibration) of each trap was determined by fishing all 4 traps 
simultaneously from sunset to sunrise (approximately 9pm to 3am), after which only one 
trap was fished for one hour, two nights per week.  The initial calibration allowed for 
extrapolation of the one net catch for estimation of the entire nightly downstream fish 
movement. 
 
Assumptions included the following: 

A. Fry movement within each of the 4 quadrants was equal across the quadrant. 
B. Only movement of fry within the top 33.5cm of the water column and between the 

hours of 2100hrs and 0300hrs was calculated, following the assumption that 
migration outside of the aforementioned times and in areas not sampled were small 
enough to be negligible, as confirmed by trapping in shoulder hours and the three 
other quadrants not sampled nightly. 

 
The calculation for total downstream migration during a calibration night is a follows: 
 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑠ℎ 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 = ∑ 𝑇𝑟𝑎𝑝 𝑐𝑎𝑡𝑐ℎ𝑒𝑠 ×  𝑀  

Where: 
Trap catches are the total catches of sockeye fry for one night from 2100 to 0300 for all 
four of T20, T40, T60 and T80, and 𝑀 is the trap multiplier, or proportion of the river 
fished by the traps, equal to 58.425 
 
The calculation for total downstream migration during subsequent sampling nights, when 
only T60 was fished for one hour, was as follows:  
 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑠ℎ 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 = 𝑇60𝑐𝑎𝑡𝑐ℎ  ×  𝑃 
Where: 
𝑇60𝑐𝑎𝑡𝑐ℎ is the number of fish captured in the sample net for one hour sampled 
𝑃 is the proportion represented by the T60 quadrant travel for the entire width of the river, 
for the given hour in which the T60 trap was fished. 
 
And: 
𝑃2200−2300 = 0.00023583  
𝑃2300−0000 = 0.00216029  
𝑃0000−0100 = 0.00274413  
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The T60 trap was chosen due to substantial, but not maximum, catches during calibration.  
Thus, impact to fry was minimized while non-0-fish catches were assured for later fishing 
dates, when fry movement had decreased considerably. Fishing time of T60 was moved to 
later periods throughout the sample period due to decreasing catch numbers.  Later 
trapping decreased the possibility of a 0-fish catch, which would have made total 
downstream migrant calculation impossible.Trapping also provided opportunity for the 
qualitative observation of fry condition and size (i.e. yolk sac absorption). 
 
The percent of Lower Babine River fry that migrated or were displaced downstream of the 
adult salmon counting fence was estimated by multiply the 2015 lower Babine River 
escapement of 12,660 adults, expanded to 15,644 adults to incorporate unaccounted for 
adult spawners counted at the Babine Fence which is standard practice, multiplied by a 
281fry/spawner ratio.  The 281fry/spawner ratio was determined based on the mean 
fecundity of 2800eggs/female observed by LBNF in 2016 (LBNF, unpublished data), 
interestingly the same fecundity used to estimate fry production by Clarke and Smith 
(1972), a 57% female proportion of spawning recruits observed by LBN in 2015 and an 
observed 16% egg-to-fry survival rate averaged from West and Mason (1978).  An Estimate 
of percent of lower Babine River fry that migrated or were displaced downstream of the 
adult counting fence was also determined using the 233fry/spawner ratio described in 
Cox-Rogers and Spilsted (2012), which has been used for estimating Babine Lake fry 
production following McDonald and Hume (1984) to provide estimates based on the 
standard DFO method. 

Water Quality and Velocity 

Water quality parameters monitored included river velocity and temperature data.  
Continuous water temperature was recorded by handheld thermometer and Onset Tidibits 
in the UBR and LBR.  Velocity was measured with a Swoffer 2100 0.1m below the surface 
and 0.1m above the riverbed once per week throughout the downstream and upstream 
periods of movement. Velocity measurements were taken at 5m intervals across the 
enumeration weir and at the upstream end, middle and downstream end of the remnant 
fryway.  

Predation on Sockeye Fry 

To determine predation rate on sockeye fry by predatory fish species known to occur in the 
Babine Lake watershed, gill nets, used individually or tied together as a single gang (Figure 
14), setlines and angling was conducted from October 3rd-6th, 2016 between the Babine 
River Counting Facility and Nine-mile creek in the North arm of Babine Lake. This area 
includes the Lower Babine River, Nilkitkwa Lake, the Upper Babine River, and part of the 
North Arm of Babine Lake. The following species were identified as potential predators to 
sockeye fry in that area: rainbow trout (Oncorhynchus mykiss), cutthroat trout (O. clarkii), 
bull trout (Salvelinus confluentus), lake trout (S. namaycush) , Dolly Varden char (S. malma), 
northern pikeminnow (Ptychocheilus oregonensis), burbot  (Lota lota) lake whitefish 
(Coregonus clupeaformis) and mountain whitefish (Prosopium williamsoni). Coho smolts 
were shown to be significant predators of sockeye fry by McCart (1967) but targeted 
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sampling for coho smolts was not conducted by this study, in part for conservation 
purposes and by October, sockeye fry were likely too large for large juvenile coho to 
consume . 
 
On October 3rd, one 60 foot (ft) X 12ft (18.3 meter (m) X 3.7m) 2.5 inch (6.4 centimeter 
(cm)) mesh gill net panel was deployed approximately in the middle of the Nilkitkwa Lake 
southern main basin approximately  2 kilometers north of the UBR mouth inflow (Figure 
15).  On October 4th, two 60ft by 12ft panels tied together, were redeployed at the same 
location.  The two gill net panels, ganged together, were deployed near the mouth of Nine 
Mile creek on October 5th. In all cases, the gill net panels were weighted at both ends and 
the middle as bottom sets to sample for fish occurring within 12ft of lake bottom.   
 
Set lines consisted of 14/0 X 25 and 15/0 X 25 Mustad circle hooks and 400ft ground-line 
baited with fresh rainbow trout flesh obtained from angled rainbow trout sampled for 
stomach contents. Baited setlines were deployed overnight perpendicular to the shore 
from various sites along the Nilkitkwa Lake shoreline and in mid-lake adjacent to the gill 
net.  Baited setlines were also deployed from various shoreline locations near the mouth of 
Nine Mile Creek as well in deeper water in the vicinity of the gill net set off the mouth of 
Nine Mile Creek. The UTM coordinates for each end of the setline were recorded with a 
Garmin GPsmap 62s, accurate to approximately ± 3.0 meters (m). 
 

 

Figure 14. Two 60ft X 12ft 2.5inch mesh gill net gang. 
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Angling, which largely consisted of trolling artificial lures that imitated baitfish within the 
size range of sockeye fry reported in Doire et al (2015), occurred before and after setlines 
and gill nets were deployed or inspected anytime from the start of the work day at 
approximately 0800hrs to approximately 1600hrs.  Angling was conducted from the adult 
salmon counting fence to the mouth of the LBR. The locations of the gill net sets and the 
general area where angling and set lining was conducted between the Babine River adult 
salmon enumeration facility and the mouth of the Lower Babine River (LBR) are provided 
in Figure 15.  Similarly, a two-gang gill net set, set lines and angling were conducted in the 
general area of the mouth of Nine Mile Creek in the North Arm of Babine Lake located 
approximately 17km south of the inlet of the UBR at Fort Babine (Figure 16).  
 

 

Figure 15.  Gill net sampling locations and setline and angling areas from the adult salmon 
counting fence to the mouth of the Lower Babine River (LBR).  
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Figure 16. Gill net sampling location off of the mouth of Nine Mile Creek.  

The date and time gill nets and setlines were deployed and retrieved were recorded in 
order to calculate catch-per-unit-effort (CPUE).  Where ever possible, water depth was 
collected, though this was not always possible due to an inoperative depth sounder.  
Surface water temperature was recorded by a hand held thermometer on October 03.  
Wave conditions were qualitatively classified as calm (smooth/flat), slight chop, choppy or 
rough.  Water clarity was visually classified as clear, stained or turbid.  
 
For each predatory fish that was caught, time and date of capture, species, sex, fork length, 
or total length in the case of burbot, and capture method were recorded. Stomachs were 
removed immediately and placed on ice for later analysis on the day of capture. Captured 
predatory fish were retained to serve as bait for set lines or for distribution to community 
members as food. 
 
Each predatory fish stomach retained was dissected and all contents removed to identify 
all individual prey fish consumed.  Whenever possible, consumed prey fish were identified 
to species and measured to the nearest millimeter (mm) fork length and photographed.  
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Results 

Early-life Ecology 

Migration of the LBR sockeye fry began around May 1st, 2016 but was not significant in 
number until May 10th, 2016.  UBR fry were observed in significant numbers around May 
15th, 2016.  Peak downstream migration in the LBR was observed on May 29, 2016. Peak 
upstream migration was observed in both sections on June 7th, 2016.   
 
During bank walks, a total of approximately 42 500 fry were observed (Figure 17). Nearly 
all fry holding or swimming near the rivers edge were oriented upstream (71% moving 
upstream, 24% resting or holding), and the majority of individuals were observed on the 
west bank both in the UBR and LBR.  Very few individuals and no schools were observed 
after July 1st, 2016. The average fork length of sockeye observed was 25mm and the vast 
majority had little to no remnant yolk sac (fully buttoned up). 
 

 

Figure 17. Observed fry on west and east banks of the LBR between the outlet of Nilkitkwa Lake 
and the Nichyeskwa Creek mouth. Peak migration is estimated to have occurred around 
June 7, 2016, approximately ten days after observed peak emergence in the LBR. 

Total downstream migration, estimated through overnight trapping of fry being swept 
below the enumeration weir, was calculated to be 2,456,142 individuals  (Figure 18). Fry 
production estimates for the previous 4 years are shown in  Table 1.  The LBR 2015 brood 
was estimated at 4,401,517 fry and it was calculated that 56% of the LBR stock fry 
migrated or were swept below the adult enumeration weir between mid-May and late June 
2016 based on a 281fry: spawner ratio. 
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Figure 18. Estimated daily downstream migrants at the Babine River enumeration weir.  
Fry were captured using one foot square nets.  Initial trap calibration was done to 
determine fishability of one indicator trap, which was then fished for the duration of 
the emergence period (mid-May to late June 2016). 

 Table 1. Estimated fry production for the UBR and LBR.  Calculations use a 281 spawner to 
fry multiplier, based on expanded spawning recruits, 57% female proportion of 
spawning recruits (observed by LBN in 2015), 2800 eggs per female (observed 
average 2016), and 16% egg to fry survival rate (averaged from West and Mason 
1987). 

Year  UBR Fry Production LBR Fry Production 

2012 29 421 431  2 111 715  

2013 11 149 200  No count  

2014 29 213 041  8 405 359  

2015 34 985 836  4 401 517  

 
Fry movement was also observed along both the west and east banks, directly upstream 
and downstream from the adult enumeration weir. The east bank and downstream west 
bank video captured anecdotal evidence of fry holding as individuals and schools, but 
movement was too sporadic to calculate statistics.  West bank upstream video however 
was analyzed and a total of 111 fry were observed over 16 hours of video (Table 2).  Of 
these individuals, 55% utilized the top third of the water column and 28% used the bottom 
third, with the remainder travelling in the center.  The average speed of individuals actively 
moving upstream was 0.26m/s relative to the anchored view grid.  Average water velocity 
at in the remnant fry fishway throughout the video monitoring was 0.275 m/s, meaning 
that fry swimming upstream had an actual velocity of 0.535 m/s.  
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Review of the videos allowed for observation and tracking of individual fry, except for the 
west bank downstream side.  In west bank downstream video, many fry, usually 5 to 15 
individuals at any time, were observed throughout the footage, holding amongst the large 
riprap substrate. This made tracking of individuals very difficult thus no statistical analysis 
was carried out for this observation subset 
 

Table 2. Video monitoring of fry movement along the west bank of the LBR at the 
enumeration weir, between mid-May and late June 2016.  Direction of intent was 
determined by orientation of fry. 

Direction of 
Travel 

Swept Downstream 
(Upstream Orientation) 

Passive Downstream 
(Downstream Orientation) 

Active (Successful) 
Upstream 

Proportion 0.333 0.324 0.342 

Speed [m/s] 0.27  0.49  0.26 

Predatory Fish Stomach Contents  

Clear water and calm lake conditions prevailed throughout the October 3rd to October 6th 
sample period in Nilkitkwa Lake and in the North Arm.  Nilkitkwa Lake and North Arm 
surface water temperature ranged from 10oC to 11oC between 1100 hrs to 1500hrs on 
October 3rd.  
 
Set lines were not successful in capturing any fish of any species.  All rainbow trout and 
cutthroat trout were captured by angling and all burbot and lake trout captured and lake 
trout were taken by gill net.  62% of rainbow trout, 67% of cutthroat trout and 100% of 
burbot had fish remains in their stomachs (Table 3).  Two rainbow trout (15%) contained 
invertebrate prey or salmon eggs only.  In addition to fish remains, salmon roe and 
unidentified macroinvertebrates were commonly found in rainbow trout stomachs.   

Table 3. Summary of stomach contents of predatory fish species in the upper and lower 
Babine River, Nilkitkwa Lake, and the North Arm of Babine Lake in October 2016.  
RB = rainbow trout, CT = cutthroat trout, LT = lake trout, BB = burbot. 
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The relative abundance of predatory fish species varied spatially throughout the sampling 
area. Between the Babine River Counting Facility and the Upper Babine River including 
Nilkitkwa Lake, rainbow trout were the most frequently captured species. Of the rainbow 
trout captured which had fish remains in their stomachs, 64% of those fish remains were 
unidentifiable to species due to the consumed fish being in an advanced state of digestion. 
Of the identifiable fish found in the rainbow trout stomachs there was 1 redside shiner, 1 
coho fry, and 2 sockeye fry (Figure 19). 
 
The level of digestion was a recurring issue in stomach contents analysis across all 
predatory fish species (Figure 20). This difficulty was previously noted by McCart (1967) 
specifically in rainbow trout stomach contents analysis.  
 

 
Figure 19. Sockeye fry (left) and coho fry (right) found in a rainbow trout stomach in Nilkitkwa 

Lake on October 3rd, 2016. 

 

 
Figure 20. Mainly unidentifiable species of fish found in a burbot stomach captured in 
Nilkitkwa Lake on October 4th, 2016 
 
All burbot, which were caught exclusively in Nilkitkwa Lake, had fish remains in their 
stomachs; however, only one fish could be identified as a sockeye fry and three as redside 
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shiners.  Gill net sampling in the North Arm of Babine Lake near Nine Mile Creek was 
successful in capturing 29 lake trout, the only predatory fish species captured in the North 
Arm.  Three coarse scale suckers were also captured.  Of the 29 lake trout captured, 28 
(97%) had empty stomachs.  Three cutthroat trout were also captured in Nilkitkwa Lake.  
All contents found in cutthroat trout stomachs were unidentifiable fish species. 

Abiotic Factors 

Abiotic conditions were also monitored, including water velocity (Figure 21) and water 
and air temperature (Figure 22). Velocities recorded within the remnant fry fishway were 
near to literature sockeye fry sustained swimming speeds of 0.40 – 0.47 m/s (Clarke 1967, 
Bell 1990). No abnormal or extreme water temperatures were recorded during the fry 
migration period. 

  

Figure 21. Water velocity measured at the Babine River enumeration weir throughout the 
summer of 2016, in the center west quadrant of the river (light grey plot) and in the 
center of the remnant fry fishway (dark grey plot). Also shown are burst speeds of 
sockeye smolts and the sustained swimming capabilities of sockeye fry as observed 
by Bell (1990). Debris was cleared from the fryway on June 15, 2016, causing flow 
increase, but velocities in the remnant fryway remained consistently within sockeye 
fry capabilities reported in the literature. 

Burst 
 

Sustained 
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Figure 22. Air temperature (in grey) and water temperature (in black) recorded in degrees 
Centigrade (oC) at the Babine River adult salmon enumeration weir during the 
migration of Babine River sockeye fry. Air temperature was recorded by a Solinst 
Barologger Edge affixed approximately 3m off the ground on the east bank.  Water 
temperature was recorded with a Solinst Levelogger Edge Model 3001 inside the 
remnant fryway along the west bank. 

Discussion 

Early-life Ecology  

Migration dates observed in 2016 were very similar to those observed in 2015, including 
first significant presence of fry, peak migration of fry and lag between UBR and LBR 
sockeye fry.  The lag in the observed timing of fry presence between the LBR and UBR is 
consistent with observations made by McCart (1967). The migration peak observed 
however occurred two earlier than the peak observed by McCart (1967).  Fry migration in 
1964 and 1965 was also characterized by a bimodal downstream frequency distribution 
pattern, which was not observed in 2016. The second downstream peak lasted only 2 days 
in 1964, but 7 days in 1965, thus it may have been missed in 2016, as there were two 5-
night gaps in sampling between June 15th-20th and June 22nd- 27th, 2016, due to staff 
availability and logistics.  
 
Peak upstream migration observed in 2016 (around June 7th) was also earlier than what 
was observed in 1964 and 1965, when upstream migration was at its maximum between 
June 25th and July 20th (Figure 23). It is likely that the early fry migration was the result of 
earlier ice-off conditions on Babine Lake in the spring of 2016.  For example, the freshet 
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level in the LBR reached only 0.9m (Figure 9) in 2016 by May 15th, 2016, but in 2015, the 
Water Survey of Canada gauging station recorded a much higher freshet peak of almost 
1.5m around May 25th, 2015. Reduced water levels and discharge may reduce flooded 
shallow water habitats that provide cover from predators such as trout and burbot.  A lack 
of flooded terrestrial habitat may also significantly reduce refugia from main channel high 
velocities, potentially increasing the susceptibility of fry to downstream displacement.  
Flooded terrestrial habitat may also provide a significant source of invertebrate prey for 
sockeye fry. 
 

 

Figure 23. Large school of fry observed attempting to move upstream from below Babine 
River enumeration weir. 

Bank walk observations of fry behaviour are consistent with observations made by LBNF 
technicians in 2015 and also historical observations by Clarke (1967), McCart (1967), 
Clarke and Smith (1972) and Shepherd (1979).  It is presumed that the preference towards 
the west bank is related to increased velocity and visual cover available there, but the 
mechanism by which individuals choose to navigate towards the west bank is still unclear.  
  
Differing from historical observations, very few fry were observed after July 1st, but this is 
also likely a result of earlier migration initiation, in relation to earlier ice-off conditions on 
Babine and Nilkitkwa lakes.  The schooling behaviour observed in 2015 was less noticeable 
in 2016, when fry appeared to group into smaller but more numerous schools, especially in 
known and heavily utilized backwater locations (i.e. downstream boat launch at the 
enumeration weir, backwater area at the end of the BC Parks trail, and the mouth of the 
Nichyeskwa River) (Figure 24). This may also be related to the less extreme freshet 
conditions during the spring of 2016. 
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Figure 24. School of fry observed holding in slack water on the west bank of the LBR. 

Biotic Considerations 

The average fork length of sockeye fry observed was 25mm (Figure 25, Figure 26) and 
nearly all downstream and upstream migrants appeared to have exhausted their energy 
stores, thus emphasizing the importance of investigating whether or not downstream 
migrating fry are feeding, what their diets consist of and what their growth patterns are in 
comparison to individuals rearing in Nilkitkwa and Babine lakes.  
 

       

Figure 25. Example average sockeye salmon fry specimens shown with measuring tape 
(centimeters). Mostly all fish observed were, as above, fully buttoned up with no 
yolk sac visible (full closure of the ventral body wall), thin in the mid-body and tail 
and averaging 25mm in fork length.       
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Figure 26. Examples of sockeye salmon fry observed (less than 5% of total observed fish) 
that were not fully buttoned-up.  These individuals were very close to full ventral 
closure, with very little yolk remaining. No individuals were observed with yolk in 
excess of those photographed above. 

Predation on Sockeye Fry  

As was observed by McCart (1967) this study observed that rainbow trout were among the 
most common predatory fish species captured in the upper Babine River. McCart (1967) 
found that 23% of rainbow trout stomachs contained sockeye fry, with only 5% of stomach 
contents being unidentifiable fish, while our results indicate that approximately 15% of 
rainbow trout stomachs contained sockeye fry and approximately 46% had unidentifiable 
fish remains. Similarly, our results for cutthroat trout, burbot, and lake trout showed that a 
lower proportion of stomachs contained sockeye fry than was observed by McCart (1967). 
This may be due to the fact that this study conducted predator sampling in the fall when 
temperatures were likely considerably warmer and rate of metabolism and digestion 
higher.  Also, during the fall sockeye fry are pelagic, less abundant and possibly less 
susceptible to predators due to diurnal shifts in distribution in the water column, increased 
size and more developed anti-predatory behaviour.  Predators have likely adapted 
behaviours in order to take advantage of the abundant sockeye fry availability in the 
spring.  Whereas in the fall, in addition to a potentially greater abundance of invertebrate 
prey as compared to the spring, there may also be a greater variety of prey fish species 
available such as redside shiners, dace, sculpin, and juveniles of other salmonid species.  By 
using a binocular microscope, it is possible that McCart (1967) was able to identify more 
consumed fish to species which was not used by this study. McCart (1967) may have also 
used meristic measurements as opposed to shape, external body and fin pigment etc, but 
this was not indicated in his Methodology.  McCart (1967) reported temperatures in the 
main UBR ranging from as low 5.3oC to 12.8oC in the UBR from early June 3 to June 10 and 
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5oC to approximately 12.8oC in Nilkitkwa Lake from late May to mid-July compared to the 
10-11oC observed in the North Arm, UBR and Nilkitkwa Lake by this study.  Water 
temperatures at the time of stomach sample collection was not conducted or stated in 
McCart (1967).  
 
Several lake trout females were ripe (eggs were loose and hydrated) suggesting that 
spawning was occurring at the time of sampling which likely explained the apparent lack of 
feeding by lake trout.  Given that lake trout are fall spawners, their energy may have been 
allocated to activities related to mating rather than foraging (Martin and Olver, 1980; 
Wooton, 1998).  
 
The low number of predatory fish captured during the 2016 sampling period, along with 
the difficulties identifying stomach contents to species, likely necessitates further sampling 
with adaptive strategies to yield more robust results. For these reasons, future sockeye fry 
predation studies in this area will be conducted during the spring fry migration and timed 
with their diel movement patterns in order to minimize potential digestion prior to 
stomach analysis. In addition, this timing would likely result in a better indication of 
predation by lake trout. 

Abiotic Factors 

In accordance with observations made last season and in the 1960s and 1970s, it is evident 
that the west bank is preferred habitat for sockeye fry and that efforts are made by sockeye 
fry individuals to navigate there. Backwater and slack water areas are much larger on the 
west bank, and more fry were observed there in both 2015 and 2016 (Figure 27, Figure 
28). As demonstrated in Figure 21, water velocity in the Babine River main channel is 
much beyond fry swimming capabilities throughout the growing season.  Northwest 
Hydraulic Consultants (NHC) was contracted in 2016 by FAO to monitor hydraulic 
conditions at the adult salmon enumeration weir, particularly in reference in upstream fry 
passage.  NHC confirmed that velocity within the remnant fryway is well beyond sockeye 
fry swimming capability, and that velocities above and below the fryway are near to 
sockeye fry burst swimming capacity as well (NHC, 2017).   

 
NHC also emphasized that study results observed in 2016 should   take into consideration 
the below average flows and accumulated debris on the adult fence that occurred in 2016, 
and that upstream sockeye fry migration impediment will be exacerbated in average or 
above-average years (NHC, 2017). Video footage captured by LBNF has also demonstrated 
that few individuals were able to move upstream past the fence, potentially in part due to 
turbulence within and at some distance below the remaining sheet piling (Figure 29). 
Upstream individuals were found to be swimming at a resultant velocity of 0.535m/s, very 
near to the maximum burst swimming speed of 0.55m/s reported in NHC (2017). 
 
An important consideration for Babine River sockeye is the projection of lower snow pack, 
greater precipitation in spring through fall and predicted glacial melt due to global 
warming in the Omineca/upper Skeena region (Foord, 2016).  The Babine River stock will 
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likely be one of the most affected stocks in terms of hydrological change, due to their 
reliance on the river habitat for spawning and potentially rearing, but also may exhibit 
metapopulation traits conducive to resilience. For example, it has been found that riverine 
sockeye have earlier saltwater tolerance due to size and physiology differences and, in a 
high freshet year, if individuals from many stocks were accidentally flushed towards the 
ocean more quickly, riverine sockeye may have a greater chance at survival (Rice et al. 
1994). Alternatively, if extreme low flows or barriers occur in the Babine River or 
tributaries to Babine or Nilkitkwa lakes, riverine stocks are the most probable colonizers of 
new habitat (Pavey et al., 2007). 

 

 

Figure 27. Large backwater area upstream of fence on the west bank, located behind 
peninsula of land roughly across from the upstream edge of the Babine camp. 

 

Figure 28. An example of small east bank backwater areas, mostly vegetated micro 
floodplains adjacent to the riverbank. 
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Figure 29. High water level and velocity commonly observed at the Babine River 
enumeration weir during spring freshet. Note the high velocity water flowing 
through the remnant fryway.   

Recommendations 

The Babine River Sockeye Migration and Predation project was designed to link closely 
with and support the Babine Sockeye Recovery Plan. In assessing Babine Lake sockeye and 
their habitat, along with current and future pressures in the upper Babine watershed, LBNF 
attempts to conserve wild Babine sockeye to preserve Lake Babine Nation  cultural, 
sustenance and traditional , economies as well as  protect the ecology of the Babine Lake 
and Skeena River watersheds.  To this end, the following investigations must be pursued: 
 

1. Investigation of early life history of the LBR stock, and examination of a river rearing 
stock, including diet, growth and recruitment patterns, and historical recreation of 
life history patterns in this environment. 

2. Evaluation of rearing habitat in Nilkitkwa Lake, and comparison with Babine Lake 
basins through limnological and plankton monitoring. 

3. Further monitoring of fry passage through the enumeration weir structure, in terms 
of both passive and active downstream and upstream movement of individuals. 

4. Investigation of macrophyte impact on fry rearing in Nilkitkwa Lake, particularly 
diet, growth and predation implications as well as effects of macrophytes on 
dissolved oxygen levels as a result of plant respiration during dark hours and 
decomposition during and after fall dieback. 
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5. Re-creation of historical flow regimes and forecasting of future patterns in order to 
predict habitat projections for Babine River sockeye and identify potential areas of 
concern 

6. Determination of LBR and UBR spawner female fecundity  
7. Determination of egg to fry survival in the UBR and LBR and fry to smolt survival.    
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