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EXECUTIVE SUMMARY 
 

During the summer of 2002, 8671 hatchery raised juvenile white sturgeon (2001 brood year) were introduced into the 

Columbia River (7179 in May and 1492 in August) between Hugh L. Keenleyside Dam (HLK) and the Canada-U.S. 

border (the Keenleyside Reach). Approximately half of the fish were released between HLK and Brilliant Dam on the 

Kootenay River (upper section) and half were released between Beaver Creek and Waneta Eddy (lower section). In the 

summer of 2003, 11 803 hatchery raised juvenile white sturgeon (2002 brood year) were introduced into the 

Keenleyside Reach (9164 in May and 2639 in July). Again, approximately half of the fish were released in the upper 

section of the study area and half were released in the lower section.  

 

The primary objectives of the present study were to conduct a field sampling program to refine the use of non-

destructive methods (as determined during Phase 1 sampling) for assessing the distribution, abundance, survival, 

growth, and condition of juvenile white sturgeon released within the study area. Sample methods used were gill nets, 

underwater video, and diver surveys. Boat electroshocking was evaluated as a potential capture method for future 

monitoring using the results of the 2003 Lower Columbia River Fish Indexing Program (LCRFIP).  

 

In total, 83 juvenile white sturgeon were captured (82 hatchery juveniles and 1 wild juvenile), approximately 1170 were 

observed using the Seabotix Little Benthic Vehicle 300TM (LBV300TM) remotely operated underwater video system, and 

approximately 40 were observed by divers. Of the 83 juvenile white sturgeon captured, 77 were caught by gill net 

(10.2 net-units; one net-unit = 100 m2 of net sampled for 24 hours), 5 were captured by boat electroshocking, and 1 was 

entangled (by fishing line and hook) on an egg mat during the 2003 white sturgeon spawning study at Waneta. The 

Washington Department of Fish and Wildlife (WDF&W) also conducted gill net sampling for juvenile white sturgeon 

in the Columbia River in Washington (the Roosevelt Reach); the 21.0 net-units of sample effort captured 15 juvenile 

white sturgeon.  

 

During the present study, juvenile white sturgeon were captured at HLK Eddy (n = 28), Waneta Eddy (n = 48), and 

Balfour Bay (n = 1). Of the juvenile white sturgeon captured during the 2003 LCRFIP, four were recorded between Fort 

Shepherd and Waneta eddies and one was captured upstream of Fort Shepherd Eddy. The individual found attached to 

the egg mat was located downstream of the Waneta Bridge on the right upstream bank. Of the 15 juveniles caught by 

the WDF&W, 14 were caught near Northport and 1 was captured near North Gorge. In total, life history information 

was obtained for 98 juvenile white sturgeon. All of the juveniles observed by the LBV or divers during the present 

study were located either in Waneta Eddy (n = 1012; 83.5%) or HLK Eddy (n = 200; 16.5%).  

 

The mean depth of gill net sets that captured juvenile white sturgeon was 15.2 m (range of 12.0 to 19.1 m). The mean 

depth of juvenile sturgeon observed using the LBV300TM was 19.5 m (range of 10.0 to 25.4 m). The 40 juveniles 

observed by divers were at a depth of approximately 15 m over substrate composed mainly of fines. Of the juvenile 

white sturgeon recorded by underwater video, 154 (13.1%) were observed over substrate composed of fines, 409 
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(34.9%) were observed over fines with interspersed gravel, 456 (38.9%) were observed over fines with interspersed 

gravel and cobble, and 153 (13.1%) were observed over fines with interspersed gravel and cobble and associated with 

embedded boulders.  

 

Underwater video surveys of Waneta Eddy recorded hundreds of juvenile white sturgeon grouped with adults, all 

aligned facing into the current. A similar aggregation was observed in HLK Eddy, but in smaller numbers 

(approximately 150 juveniles were observed in one group) without adults nearby. The surveys in Waneta Eddy occurred 

on 19 January and 29 March 2004 and in HLK Eddy on 28 January 2004. Whether this represents overwintering 

behaviour or occurs throughout the year is unknown. This will be investigated during the Phase 3 monitoring program.  

 

Hatchery reared juvenile white sturgeon captured during the present study ranged between 32.3 and 58.3 cm fork length 

(FL), between 39.4 and 70.0 cm total length (TL), and between 130 and 1454 g in weight. The mean FL of hatchery 

juveniles was 45.4 cm, mean TL was 54.4 cm, and mean weight was 642.8 g. The one wild juvenile white sturgeon that 

was captured measured 63.2 cm FL, 72.5 cm TL, and weighed 1780 g; this individual was aged at four years.  

 

Hatchery juvenile white sturgeon exhibited high growth rates between their release and capture. The mean daily growth 

rates were 0.08 cm/day FL (range from 0.04 to 0.16 cm/day) and 1.62 g/day (range from 0.72 to 3.40 g/day). The mean 

growth rate of age-1 fish (i.e., released and captured in 2003) was 0.10 cm/day FL and 1.80 g/day. The mean growth 

rate of age-2 fish (i.e., released in 2002 and captured in 2003) was 0.06 cm/day FL and 1.36 g/day.  

 

Of the 97 hatchery juvenile white sturgeon sampled for life history data, 49 (50.5%) exhibited pectoral fin deformities. 

The majority (n = 42) of these deformities consisted of stunted or malformed pectoral fins; 7 fish exhibited curled 

pectoral fins. Of the 49 hatchery juveniles with pectoral fin deformities, 31 (63.3%) exhibited deformities of one fin and 

18 (36.7%) exhibited deformities of both fins. The growth rates of fish with and without fin deformities were similar; 

therefore, these deformities did not appear to have a negative effect on their ability to adapt to the natural environment 

during their first and second year at-large. The long-term effects of these deformities are unknown, however, and 

require further study.  

 

Based on the results of the present study, Phase 3 investigations will consist primarily of gill net sampling and 

underwater video surveys. Angling may be conducted on a limited basis to test the effectiveness of this method on older 

(i.e., age-3) juveniles. Results of Phase 3 sampling will be used to develop and finalize a long-term juvenile white 

sturgeon population indexing program. 
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1.0  INTRODUCTION 
 

1.1  BACKGROUND 
White sturgeon in the Keenleyside Reach of the Columbia River between Hugh L. Keenleyside Dam (HLK) and the 

Canada-U.S. border (hereafter termed the study area) have been intensely studied since 1990 (R.L. & L. 1994, 1998, 

2001; Hildebrand et al. 1999; Golder 2002, Golder 2003a). These studies have indicated that for approximately the last 

30 years, recruitment of white sturgeon in the study area has not occurred at a rate sufficient to maintain the population. 

The reasons for this are still unclear, but are likely related to industrial developments, and the presence and operational 

characteristics of dams on the mainstem Columbia River (i.e., Hugh L. Keenleyside, Revelstoke, and Mica dams) and 

on major tributaries (i.e., Brilliant Dam on the Kootenay River and Waneta Dam on the Pend d’Oreille River, as well as 

upstream dams in Canada and the United States on both rivers; Hildebrand et al. 1999, R.L. & L. 1994).  

 

In 1993, the confluence of the Pend d’Oreille River and the Columbia River was identified as a white sturgeon 

spawning area, and in 1999 another spawning area was identified in the Columbia River below Revelstoke Dam 

(R.L. & L. 2001). To date, these two locations are the only known spawning areas for white sturgeon in the Canadian 

portion of the Columbia River downstream of Revelstoke Dam, as well as in the American portion of the Columbia 

River upstream of Grand Coulee Dam (the Roosevelt Reach; R.L. & L. 2001). While spawning has been confirmed at 

these two locations, annual recruitment from these spawning events has either been very limited or non-existent. As a 

result of these recruitment problems, the Upper Columbia White Sturgeon Recovery Initiative (UCWSRI) was formed 

in 2000. The UCWSRI is an international organization with members from state, provincial, and federal fisheries 

agencies and biologists from First Nations tribes in British Columbia and Washington State. The geographic scope of 

the Recovery Initiative encompasses the white sturgeon population(s) that reside in the Columbia River upstream of 

Grand Coulee Dam. The UCWSRI has developed a Recovery Plan (UCWSRI 2002), of which a key component is the 

supplementation of the existing white sturgeon population in the Columbia River between HLK and Grand Coulee Dam 

(i.e., the Transboundary Reach) through broodstock collections, hatchery rearing, and subsequent stocking of juvenile 

white sturgeon.  

 

Chronic recruitment failure of white sturgeon in the Transboundary Reach of the Columbia River has been 

demonstrated in many studies from the early 1980s to the present (Hildebrand and Birch 1996; R.L. & L. 1998; DeVore 

et al. 2000; UCWSRI 2002). The Lake Roosevelt Fisheries Evaluation Program was conducted by the Spokane Tribe of 

Indians in the northern portion of Lake Roosevelt from 1998 to 2003, and began sampling specifically for juvenile 

white sturgeon in 2001. During that study, two juvenile white sturgeon (less than 1 m total length) were captured in 

1998, one in 1999, two in 2000, one in 2001, and two in 2002; juvenile white sturgeon were not captured in 2003 (C. 

Lee, Spokane Tribe of Indians, Wellpinit, WA, pers. comm., 2004). One of the juveniles captured in 2002 was a 

hatchery fish released between Beaver Creek and Waneta Eddy earlier the same year. During a separate sampling 

program conducted in 2001, the Spokane Tribe of Indians deployed 44 gill nets (6 foot by 100 foot panels of 2 inch 
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stretched measure) in the northern portion of Lake Roosevelt between Northport and Kettle Falls, Washington, for a 

total of 856.8 hours of sample effort; juvenile white sturgeon were not captured (Lee and Underwood 2002). In fall 

2002, 924.6 hours of gill net effort expended by the Spokane Tribe of Indians in upper Lake Roosevelt captured six 

juvenile white sturgeon (62 cm fork length and under; C. Lee, pers. comm., 2003); these included two hatchery 

juveniles that were released in Canada in 2002. Gill net sampling throughout Lake Roosevelt by the Colville Tribe in 

Washington State over the past eight years has resulted in an average annual catch of approximately two juvenile white 

sturgeon (under 1 m in fork length; C. Lee, pers. comm., 2003).  

 

In May and August 2002, 8671 hatchery reared white sturgeon (2001 brood year) were released into the Keenleyside 

Reach. In May, 7179 fish were released, half between HLK and Brilliant Dam (upper section) and half between Beaver 

Creek and Waneta Eddy (lower section). August releases totalled 1492 fish, also distributed evenly between the upper 

and lower sections of the study area. Hatchery sturgeon that were of sufficient size to receive a passive integrated 

transponder (PIT) tag (about 30 g and 17 cm FL) were released in May and fish that were too small to mark in May 

were kept in the hatchery until August when they were of sufficient size to PIT tag and release.  

 

In May and July 2003, 11 803 hatchery reared white sturgeon (2002 brood year) were released into the Keenleyside 

Reach. May releases totalled 9164, approximately half of which (4432) were released below HLK (upper section) and 

half (4732) downstream of Beaver Creek (lower section). July releases totalled 2639 juveniles, distributed relatively 

evenly between the upper and lower sections of the study area (1292 below HLK and 1347 downstream of Beaver 

Creek). In the upper section of the study area, the majority of hatchery reared white sturgeon were released immediately 

below HLK and a small number were released 5 km downstream at Robson launch. In the lower section, the majority of 

fish were released at Beaver Creek launch and a lesser number were released at Waneta Eddy. The reason for the two 

release times in 2003 was the same as described above for 2002 releases.  

 

The Phase 1 juvenile white sturgeon monitoring program was initiated in the fall of 2002 (Golder 2003b). The primary 

objective of Phase 1 was to conduct a field sampling program to determine appropriate non-destructive methods to 

assess the distribution, abundance, survival, growth, and condition of juvenile white sturgeon within the study area. The 

2003 Phase 2 monitoring program was developed based on the results of Phase 1. The Phase 2 results are provided in 

this report and compared to Phase 1 results where appropriate. 

 

1.2  OBJECTIVES 
The primary objectives of the Phase 2 (2003) juvenile white sturgeon monitoring program were to: 

 
1) Conduct a field sampling program to refine the use of non-destructive sample methods (as determined 

during Phase 1 sampling) for assessing the distribution, abundance, survival, growth, and condition of 
juvenile white sturgeon with a specific focus on: 

 
• further identifying and describing the location and characteristics of juvenile white sturgeon 

habitats in the study area; 
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• identifying levels and types of physical deformities in juvenile white sturgeon; 

• comparing the effectiveness of the various non-destructive sample methods and gears used to 
capture age-1 and age-2 juvenile white sturgeon in their habitats; and 

• conducting appropriate biological sampling and habitat measurements to improve the understanding 
of juvenile white sturgeon use within the study area. 

 
2) Prepare a concise technical report of Phase 2 studies, outlining: 

 
• descriptions of habitat measurements and biological sampling results; 

• assessments of the distribution, growth and deformities among hatchery-reared white sturgeon 
encountered during field sampling; 

• comparisons with Phase 1 results; and 

• recommendations for Phase 3 sampling and long-term methods for quantitative assessment of the 
distribution, abundance, survival, growth, and condition of juvenile white sturgeon. 

 

1.3  STUDY AREA 

The study area for Phase 2 juvenile white sturgeon monitoring encompassed the Columbia River between HLK and the 

Canada-U.S. border, and the Kootenay River downstream of Brilliant Dam (collectively referred to as the Keenleyside 

Reach). Specific locations within the study area where sampling was focussed were: HLK Eddy, Balfour Bay, Celgar 

Eddy, Robson Eddy, Sturgeon Island, Kootenay Eddy, Kootenay Oxbow, Sandbar Eddy, Genelle Eddy, Beaver Creek 

mouth, Beaver Creek Launch Eddy, Trimac Eddy, Sipwoc Eddy, Fort Shepherd Eddy, Waneta Eddy, and the Waneta 

area (Figure 1.1). The Washington Department of Fish and Wildlife (WDF&W) conducted sampling for juvenile white 

sturgeon in the Columbia River between the Canada-U.S. border and Grand Coulee Dam (the Roosevelt Reach) during 

the fall of 2003 (Figure 1.2). Sampling by the WDF&W occurred between Kettle Falls Bridge and Northport Bridge. 

 

1.4  STUDY PERIOD 
Field sampling activities for juvenile white sturgeon during the present study are summarized in Table 1.1. Most of the 

sampling was conducted in the fall between 22 October and 21 November 2003. This period was selected for the 

following reasons: 

 
• to allow hatchery juveniles released in 2003 time to distribute throughout the study area and select 

suitable rearing habitats; 

• higher water clarity during this period that allowed more effective observation by divers and the 
LBV300TM; and,  

• to correspond to the timing of similar studies in the Columbia River in the United States. 
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Additional synoptic sampling using the Seabotix Little Benthic Vehicle 300TM (LBV) was conducted in January, 

February, and March 2004 to identify wintering habitats of juvenile white sturgeon. Sampling by the WDF&W in the 

Roosevelt Reach was conducted from 27 to 30 October 2003. 

 

Table 1.1 Sampling schedule for the upper Columbia River juvenile white sturgeon monitoring, Phase 2 
investigations, October 2003 to March 2004. 

 
Gill Net Sampling Contaminants and Stomach Samples Underwater Video Surveysa Dive Surveys 

22 Oct. 03 20 Nov. 03 6 Nov. 03 9 Nov. 03 
23 Oct. 03 21 Nov. 03 7 Nov. 03  
31 Oct. 03  19 Jan. 04  
3 Nov. 03  28 Jan. 04  
10 Nov. 03  20 Feb. 04  
13 Nov. 03  29 Mar. 04  
14 Nov. 03    
15 Nov. 03    
16 Nov. 03    
20 Nov. 03    
21 Nov. 03    

 
a Underwater video surveys were conducted using the Seabotix Little Benthic Vehicle 300TM. Three stationary submerged cameras also were located in 

Brilliant Dam plunge pool and were in constant operation during the present study (one camera malfunctioned in November 2003). 
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Figure 1.2 Overview of the Roosevelt Reach study area.  
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3.0  RESULTS 
 

3.1  PHYSICAL PARAMETERS 

3.1.1  Discharge 

Mean daily discharges of the Columbia River between 1 January 2003 and 31 March 2004 were obtained from Arrow 

Lakes Reservoir below HLK (via HLK and Arrow Lakes Generating Station combined) and the Birchbank Water 

Station, and for the Kootenay River from Brilliant Dam (Figure 3.1). In this period, the Columbia River at Birchbank 

followed a post-impoundment discharge pattern common over the past decade, with moderately high discharges in 

December to January, declines in February, and relatively stable levels until late May. Discharge peaked in June and 

July and then generally decreased from late July to late October when discharge increased and formed a second peak in 

December as a result of fall precipitation events and downstream Columbia River Treaty power generation requirements 

during the winter. Peak discharge at Birchbank during this period was 2926 m3/s on 18 December 2003 and minimum 

discharge was 943 m3/s on 15 February 2003. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 3.1 Mean daily discharge of the Columbia River at Hugh L. Keenleyside Dam and Birchbank, and of 
the Kootenay River at Brilliant Dam, 1 January 2003 to 31 March 2004. 
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With the exception of relatively minor fluctuations, discharge from Brilliant Dam during this period followed a pattern 

more characteristic of an unregulated river. Discharge remained at annual low winter flow conditions until April 

(minimum discharge of 335 m3/s was reached on 4 February 2003), then increased to a peak of 2122 m3/s on 20 June 

2003, after which discharge decreased until September when it reached annual low winter flow conditions again.  

 

During the study period, Columbia River discharge below HLK exhibited minor fluctuations (Figure 3.1). Discharge 

from Brilliant Dam remained relatively stable. Columbia River discharge at Birchbank also remained stable, with the 

exception of a decrease in discharge over the 29 October to 1 November 2003 period, after which discharge returned to 

near the former level. 

 

3.1.2  Water Temperature 

Mean daily water temperatures from 1 January 2003 to 15 March 2004 were recorded in the Columbia River upstream 

of the Kootenay River (HLK tailrace) and downstream of the Kootenay River (Birchbank and Cominco Water Stations), 

as well as in the Kootenay River (Brilliant Dam tailrace; Figure 3.2. Water temperatures in the Columbia and Kootenay 

rivers followed a typical seasonal pattern. Mean daily Columbia River water temperatures below HLK reached their 

2003 minimum of 3.6°C on 9 and 10 March, increased steadily (with some fluctuations) until 12 August when 

temperatures peaked at 19.2°C, and then decreased again until the minimum 2004 temperature of 2.3°C was reached on 

5 to 7 February 2004.  

 

Kootenay River water temperatures followed a pattern similar to those in the HLK tailrace, but with fewer fluctuations, 

and peaked at 20.9°C on 1 and 2 August 2003. In the Columbia River downstream of the Columbia-Kootenay 

confluence, mean daily water temperatures reached a minimum (2.8°C) on 13 February 2003 and maximum (19.9°C) on 

30 July 2003. Water temperatures decreased steadily during the main portion of the present study period in 2003, from 

approximately 12°C in mid-October to approximately 6°C by the end of November. 

 

3.2  FISH CAPTURE/OBSERVATION METHODS 

3.2.1  Gill Nets 

During the present study, 77 of 83 (92.8%) juvenile white sturgeon were captured using gill nets. In total, 75 gill nets 

were set for a total of 520.6 net-hours or 10.2 net-units (one net-unit = 100 m2 of net sampled for the equivalent of 

24 hours). The effort expended and the catch in each area sampled is provided in Appendix A, Table A1 and 

summarized in Table 3.1. The overall catch-rate of juvenile sturgeon was 7.6 fish/net-unit (compared to 3.8 fish/net-unit 

during Phase 1 monitoring; Golder 2003b). The catch-rate in HLK Eddy was 57.0 fish/net-unit (4.5 fish/net-unit during 

Phase 1). Gill nets in Waneta Eddy caught 80.1 fish/net-unit (16.2 fish/net-unit during Phase 1) and gill nets in Balfour 

Bay caught 1.2 fish/net-unit (0.0 fish/net-unit during Phase 1). These were the only three locations where juvenile white 

sturgeon were captured. All juvenile white sturgeon captured during the present study were in good condition (i.e., zero 

mortality). One adult sturgeon was caught by gill net near Sturgeon Island (Figure 1.1). 
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Figure 3.2 Mean daily water temperature in the Columbia River at Hugh L. Keenleyside Dam, Birchbank, 
and the Cominco Water Station, and in the Kootenay River at Brilliant Dam, 1 January 2003 to 
15 March 2004. 

 

 

Table 3.1 Summary of gill net sample effort and catch-rate of juvenile white sturgeon during Phase 1 (fall 2002) and 
Phase 2 (fall 2003) monitoring. 

 
Phase 1 (2002) Phase 2 (2003) 

Effort Number Catch-rate Effort Number Catch-rate Locationa 
(net-units)b Captured (No./net-unit)b (net-units)b Captured (No./net-unit)b 

HLK Eddy 3.8 17 4.5 0.5 28 57.0 
Balfour Bay 0.8 0 0.0 0.8 1 1.2 
Waneta Eddy 1.2 19 16.2 0.6 48 80.1 

Subtotal 5.8 36 6.3 1.9 77 40.3 
Remaining Study Area 3.8 0 0.0 8.3 0 0.0 

Total 9.6 36 3.8 10.2 77 7.6 
 
a See Figure 1.1 for sample locations. 
b One net-unit = 100 m2 of net sampled for the equivalent of 24 hours. 
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The overall catch-rate of juvenile white sturgeon in daytime gill net sets was 24.4 fish/net-unit, substantially higher than 

the 0.1 fish/net-unit recorded for overnight sets. The total effort expended for daytime sets was 3.1 net-units 

(n = 76 juveniles), compared to 7.1 net-units (n = 1 juvenile) for overnight sets. Due to the high number of juvenile 

white sturgeon captured by daytime sets in HLK Eddy and Waneta Eddy, overnight sets were not conducted in these 

areas to avoid potential mortalities. The absence of overnight sampling in these two areas (i.e., where most of the 

juveniles were recorded during the present study), however, did not allow a comparison of day versus night capture 

efficiencies.  

 

During the present study, the three gill net mesh sizes used were 5.1, 10.2, and 15.2 cm stretch measure (Appendix A, 

Table A2). In total, 5.1 cm mesh gill nets were fished for 5.04 net-units, 10.2 cm nets were fished for 4.12 net-units, and  

15.2 cm nets were fished for 1.00 net-units of sample effort. Catch-rates of these mesh sizes were 3.2 fish/net-unit 

(n = 16 fish), 14.1 fish/net-unit (n = 58 fish), and 3.0 fish/net-unit (n = 3 fish), respectively. The difference in the size of 

juveniles captured by the three different mesh sizes was tested at p = 0.05 with a Kruskal-Wallis test (H = 4.19, df = 2). 

The fork length of captured juvenile white sturgeon did not vary significantly by mesh size (Table 3.2). 

 

Table 3.2 Comparison of juvenile white sturgeon fork length and gill net mesh size. 
 

Mesh Size (cm stretch measure) 
Fork Length (cm) 

5.1 10.2 15.2 
Mean 42.9 45.9 49.0 

Minimum 32.4 32.3 44.7 
Maximum 58.2 58.3 52.2 

Standard Error 1.9 0.7 2.2 
Kruskal-Wallis H = 4.19; P <0.05, df = 2 

 
 

Washington Department of Fish and Wildlife (WDF&W) personnel expended 21 net-units of effort (using 5.1 cm mesh) 

in the Roosevelt Reach from 27 to 30 October 2003; 15 juvenile white sturgeon were captured (M. Howell, WDF&W, 

Spokane, Washington, U.S.A., pers. comm., 2004). The overall catch-rate of juvenile sturgeon was 0.7 fish/net-unit 

(Appendix A, Table A3). 

 

3.2.1.1  Incidental Catch 

During the present study, 76 incidental fish species were captured incidentally during gill net sampling. The majority 

(n = 45; 59.2%) were sportfish species (Appendix A, Table A4) and were composed of walleye (n = 22), lake whitefish 

(n = 12), mountain whitefish (n = 5), rainbow trout (n = 2), smallmouth bass (n = 2), bull trout (n = 1), and burbot 

(n = 1). Non-sportfish species captured incidentally were longnose sucker (n = 26), largescale sucker (n = 3), northern 

pikeminnow (n = 1), and one unidentified sucker (escaped from the net). Approximately 87% of the incidental captures 

were released alive.  

 

In total, 24 fish were captured incidentally during daytime gill net sets; 23 (96%) were released alive. However, three 

fish were in relatively poor condition and may have died after release; therefore, the mortality rate could have been as 

high as 17%. Out the 52 fish captured incidentally by overnight gill net sets, 9 (17%) succumbed to the sample 
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procedure. Of these fish, six were in relatively poor condition and may have died after release; therefore, the mortality 

rate could have been as high as 29%. Based on these results, the overall mortality rate was 13%, but could have been as 

high as 25%. 

 

3.2.2  Underwater Video 

3.2.2.1  Brilliant Tailrace Underwater Camera Monitoring 

From the time this system was installed (September 2003) to when this report was finalized (July 2004), numerous 

video clips of primarily adult and occasionally sub-adult white sturgeon were obtained by this system. Juvenile white 

sturgeon had not been detected by this system at the time this report was written. 

 

3.2.2.2  Little Benthic VehicleTM 

During the present study, 541 minutes (9 hours) of useable footage was obtained using the LBV. In total, approximately 

1020 juvenile white sturgeon (114 fish/hour), 31 adult white sturgeon (3 fish/hour), and 286 fish of other species 

(32 fish/hour) were observed. The footage obtained was reviewed in the office and the number of juvenile white 

sturgeon recorded was estimated. If the LBV was manoeuvred away from a group of juveniles and the same group was 

observed later, these fish were not counted twice. The 9 hours of video footage recorded was distributed as follows: 

4.9 hours in HLK Eddy (10 juvenile white sturgeon observed; 2 fish/hour); 3.1 hours in Waneta Eddy (1010 juveniles 

observed; 326 fish/hour); and 1.0 hour in Kootenay Eddy (juvenile white sturgeon were not observed). These totals do 

not include an estimated 150 juvenile white sturgeon were observed on approximately 1 hour of footage obtained in 

HLK Eddy; this data that was lost due to technical difficulties with the recording unit. If these fish are included, the 

observed total for HLK Eddy would increase to 27 fish/hour. A summary of the results from the underwater video 

footage is provided in Appendix A, Table A5. A summary of juvenile white sturgeon observations and the depth and 

habitat characteristics associated with these observations is provided in Appendix A, Table A6.  

 

During LBV surveys in Waneta Eddy on 19 January and 29 March 2004, several hundred juvenile white sturgeon were 

observed tightly grouped and interspersed with adults. These fish were lying on the river bottom, aligned facing into the 

current, exhibited relatively little movement, and were in very close proximity to each other (touching in many 

instances) within a relatively small area (approximately 100 m2 with a maximum estimated density of 10 fish/m2). 

Similar behaviour was observed in HLK Eddy on 28 January 2004, where an estimated 150 juveniles were observed in 

one group. This group was not associated with adults and was located over substrate comprised of fines near several 

submerged logs and large boulders. Habitat characteristics of areas where juvenile white sturgeon were observed are 

provided in Section 3.3.2.  

 

White sturgeon did not appear to be disturbed by the LBV and in many instances; the unit could be manoeuvred close 

enough to the fish to see scute removal marks, pectoral fin deformities, and other features.  
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In total, 1220 m of transect length were surveyed using the LBV in HLK Eddy using a line-transect sample method 

(distance sampling); 5 juvenile and 3 adult white sturgeon were recorded during these surveys. A density estimate could 

not be calculated from this data because the minimum recommended number of observations required for an accurate 

estimate is 40, and the recommended number is 80 (Buckland et al. 1993). 

 

3.2.3  Diver Survey 

The divers entered the water at the southwest end of transect 4 and followed the transect for approximately 100 m. A 

cluster of approximately 40 juvenile and one adult white sturgeon was observed. The divers also surveyed transect 3 

(150 m; one adult observed) and approximately 75 m of transect 2 (white sturgeon were not observed). In total, 

approximately 325 m of transect length was surveyed by divers; estimated visibility was 5 m, which resulted in a total 

surveyed area of approximately 1625 m2. Although the minimum 40 fish were observed, a density estimate was not 

calculated because they were all in one cluster. If fish exhibit a clustered distribution, the density estimate is used to 

determine the density of clusters, of which the minimum number of clusters observed required to conduct the estimate is 

40 (Buckland et al. 1993). Other observations made by the divers were that similar surveys could not be conducted in 

areas with current velocities higher than those present in HLK Eddy (i.e., it was difficult to follow the transects at times 

during the present survey) and that the juveniles appeared more active than those observed during the Phase 1 dive 

survey. 

 

3.2.4  Boat Electroshocking 

During the 2003 LCRFIP, 248 km (approximately 41.3 km during each of six sample sessions conducted from 

15 September to 26 October) of nearshore habitat were sampled by boat electroshocking within the present study area. 

Five juvenile white sturgeon (four hatchery and one wild fish; 0.02 fish/km) were caught and 13 adult white sturgeon 

were observed (Golder 2004b). The four hatchery juveniles were caught between Fort Shepherd Eddy and Waneta Eddy 

on the west bank and the wild juvenile was caught above Fort Shepherd Eddy (near Trimac Eddy) on the east bank.  

 

The hatchery juveniles captured by boat electroshocking were all from the group released in May 2002. One of these 

juveniles was associated with a number of rainbow trout and walleye, while another was with a group of approximately 

20 mountain whitefish.  

 

3.2.5  Angling 

Angling was not conducted as a component of the present study. However, on 21 July 2003 a juvenile white sturgeon 

that had been caught on a walleye lure (the fishing line had become wrapped around the float line of an egg mat at 

Waneta). Egg mats were set in the Waneta area in June and July 2003 to monitor white sturgeon spawning (Golder 

2003a). This fish was released in 2002, and when recaptured measured 47.9 cm in fork length, 56.2 cm in total length, 

and weighed 590 g. This suggests juvenile white sturgeon from the 2001 and 2002 brood years may be vulnerable to 

angling.  
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Over the course of the angler surveys conducted in the lower Kootenay River on behalf of CPC, three anglers were 

interviewed; none reported catching juvenile white sturgeon. The interviewed anglers fished for a total of 8.5 hours on 

the days that they were interviewed. Results of the angler survey program conducted in the Columbia River by CCRIFC 

were unavailable at the time this report was written but a preliminary examination of the data indicated none of these 

anglers had captured juvenile white sturgeon. 

 

3.3  JUVENILE WHITE STURGEON 

3.3.1  Distribution 

During the present study (as well as the 2003 LCRFIP, the white sturgeon spawning study at Waneta, and sampling 

conducted in Roosevelt Reach by the WDF&W), 98 juvenile white sturgeon were captured. Most (77.6%) were 

captured either in HLK Eddy (n = 28; 28.6%) or Waneta Eddy (n = 48; 49.0%). In addition to these two main areas, 

juvenile white sturgeon were also captured near Northport, Washington (n = 14; 14.3%), North Gorge, Washington 

(n = 1; 1.0%), in Balfour Bay (n = 1; 1.0%), near Trimac Eddy (n = 1; 1.0%), between Fort Shepherd Eddy and Waneta 

Eddy on LUB (left bank viewed facing upstream; n = 4; 4.1%), and downstream of Waneta bridge on RUB (right bank 

viewed facing upstream; n = 1; 1.0%; see Figures 1.1 and 1.2).  

 

In total, approximately 1210 juvenile white sturgeon were observed (1170 using the LBV, including the estimated 

150 fish recorded on the lost footage, and the 40 observed by divers). Of these fish, 200 (16.5%) were observed in HLK 

Eddy and 1010 (83.5%) were observed in Waneta Eddy (Figure 1.1). 

 

3.3.2  Characteristics of Selected Habitats 

Gill nets were set at different depths during the present study to assess juvenile white sturgeon use of different depth 

strata. A summary of the number of juvenile white sturgeon captured and the catch-rate of these fish in the depth strata 

sampled is provided in Table 3.3. Due to the bottom configuration of the areas sampled, it was often impossible to set 

the entire net at a constant depth. The gill net depth was derived by averaging the minimum and maximum depth of 

each net set (e.g., min. = 10 m, max. = 15 m, therefore the mean = 12.5 m); therefore, the actual depth at which a fish 

was caught was unknown. However, observations suggested most fish were caught in the portion of the net set in deeper 

water areas. The mean depth of all gill net captures was 15.2 m (Table 3.3). The five juveniles captured during the 2003 

LCRFIP were at depths between 1 and 3 m. 

 

For analysis purposes, the number of juvenile white sturgeon observed using the LBV was estimated at 1172 fish. 

Depths were obtained for 1022 fish (1012 at Waneta Eddy and 10 at HLK Eddy). The depths at which juvenile white 

sturgeon were recorded is provided in Table 3.4. These observations have not been adjusted for the effort expended at 

each depth (i.e., the majority of survey effort was expended in depths over 15 m). The mean depth of all juvenile white 

sturgeon observed using the ROV was 19.5 m. The minimum depth juvenile white sturgeon were recorded at was 

10.0 m and the maximum was 25.4 m. The 40 juveniles observed by divers were at a depth of approximately 15 m. As 
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previously mentioned, footage of the group of 150 juveniles observed in HLK Eddy was lost due to technical 

difficulties but depths in the area were between 15 and 18 m. 

 

 

Table 3.3 Summary of juvenile white sturgeon captured by gill net in different depth strata during Phase 2 
monitoring, fall 2003. 

 

Average Set Depth (m) No. of Nets Effort (net-units)a 
No. of Juvenile White 
Sturgeon Captured 

CPUEb (No. fish/net-unit) 

> 20 m 2 0.04 0 0.0 
15 – 20 m 14 0.71 49 (63.6%) 69.4 

10 – 14.9 m 24 3.48 28 (36.4%) 8.0 
< 10 m 35 5.93 0 0.0 
Total 75 10.16 77 7.6 

 
a One net-unit = 100 m2 of net sampled for 24 hours. 
b CPUE = catch-per-unit-effort. 

 

 

Table 3.4 Summary of depths at which juvenile white sturgeon were observed using the LBV300TM, November 2003 
to March 2004. 

 
Juvenile White Sturgeon Observed Depth 

n % 
> 20 m 622 60.9 

15 – 19.9 m 396 38.7 
10 – 14.9 m 4 0.4 

< 10 m 0 0.0 
Total 1022a 100.0 

 
a Depth data was not obtained for the estimated 150 juvenile white sturgeon observed in HLK Eddy; the footage was lost due to technical difficulties. 
 

 

All (100.0%) of the juveniles observed by the LBV were associated with substrate composed at least partially of fines, 

1017 (86.8%) were associated with gravels, 458 (39.1%) were associated with cobbles, 154 (13.1%) were associated 

with woody debris, and 153 (13.1%) were observed near boulders (Table 3.5). Substrates where juvenile white sturgeon 

were captured during the 2003 LCRFIP consisted mainly of cobbles, with some gravel and sand adjacent to steep banks, 

and surface water velocities up to approximately 2 m/s. The 40 juveniles observed by divers were situated over 

substrates composed mainly of fines. 

 

 

Table 3.5 Summary of substrates over which juvenile white sturgeon were observed using the LBV300TM, November 
2003 to March 2004. 

 
Juvenile White Sturgeon Observed Substrate 

n % 
Fines 154 13.1 
Fines & Gravel 409 34.9 
Fines, Gravel, & Cobble 456 38.9 
Fines, Gravel, & Boulder 151 12.9 
Fines, Cobble, & Boulder 1 0.1 
Fines, Gravel, Cobble, & Boulder 1 0.1 

Total 1172 100.0 
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3.3.3  Movement 

Movements between release and capture locations were determined for 95 hatchery juveniles; 81 were recovered during 

the present study in the Keenleyside Reach and 14 from the WDF&W study in Roosevelt Reach. A summary of the 

movements of the captured hatchery juvenile white sturgeon is provided in Appendix B, Table B1. The majority 

(n = 59; 62.1%) were captured in the same general area they were released. The remainder (n = 36; 37.9%) exhibited net 

movements between 25.6 and 72.9 km; 31 fish (32.6%) exhibited net downstream movements between 25.6 and  72.9 m 

and 5 fish (5.3%) exhibited net upstream movements between 47.2 and 54.9 km. 

 

3.3.4  Life History Information 

Summaries of release dates and locations of juvenile white sturgeon (by family) in 2002 and 2003 are provided in 

Appendix B, Table B2 and B3, respectively. Life history data obtained during the present study and by the WDF&W 

are provided in Appendix B, Table B4. Summaries of fork length, total length, and weight for juveniles captured during 

Phase 1 (2002) and Phase 2 (2003) monitoring are provided in Appendix B, Tables B5 and B6, respectively. 

 

3.3.4.1  Length and Weight 

Hatchery juvenile white sturgeon released in 2002 and captured during the present study ranged from 40.9 to 

58.3 cm FL (mean = 48.3 cm), 49.0 to 70.0 cm TL (mean = 57.8 cm), and 418 to 1454 g in weight (mean = 749.3 g). 

Hatchery juveniles released in 2003 and captured during the present study ranged from 27.5 to 46.8 cm FL 

(mean = 37.4 cm), 32.4 to 57.7 cm TL (mean = 44.5 cm), and 130 to 710 g in weight (mean = 360.8 g). The one wild 

juvenile white sturgeon captured upstream of Fort Shepherd Eddy measured 63.2 cm FL, 72.5 cm TL, weighed 1780 g, 

and was aged at four years using pectoral fin ray sections (the ageing structure was of poor quality, however, so this age 

was questionable). A comparison of the length-frequency of juvenile white sturgeon captured during Phase 1 and 

Phase 2 monitoring is provided in Figure 3.3. 

 

3.3.4.2  Growth 

A summary of juvenile white sturgeon growth (Canadian and U.S. captures) and comparisons of growth between 

different categories of fish (e.g., fish that exhibited net movements of >25 km vs. < 8 km) is provided in Appendix B, 

Table B7. In general, hatchery juveniles exhibited high growth rates between release and capture. The mean daily 

growth rate of juveniles captured during Phase 1 (released and captured in 2002; n = 38) was 0.11 cm/day FL and 

2.03 g/day. The mean daily growth rate of juveniles released and captured in 2003 (n = 37) was 0.10 cm/day FL and 

1.80 g/day. The mean daily growth rate of juveniles released in 2002 and captured in 2003 (n = 58) was 0.06 cm/day FL 

and 1.36 g/day. Comparisons of juvenile white sturgeon fork length at release and capture during Phase 1 and Phase 2 

monitoring are provided in Figure 3.4.  

 

Daily growth rates (FL) were similar for those fish released in 2002 and captured in 2003 that exhibited net movements 

less than 8 km and greater than 25 km. Similar growth rates were also recorded for fish with and without pectoral fin 

deformities. Daily growth rates of age-1 juveniles (i.e., released in 2003; 0.10 cm/day FL and 1.80 g/day) were higher 
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than age-2 juveniles (i.e., released in 2002; 0.06 cm/day FL and 1.36 g/day). Fish released and captured in the same 

section of the study area in 2003 exhibited growth rates approximately twice that of their counterparts released in 2002. 

In both years, fish released and captured in the upper section exhibited greater mean daily growth than fish released and 

captured in the lower section (for both FL and weight). Fish released in 2003 that exhibited net movements less than 

8 km grew slightly faster in length, but at over twice the rate of weight gain compared to fish that moved over 25 km.  
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Figure 3.3 Fork length distributions of age-1 and age-2 hatchery juvenile white sturgeon captured during Phase 1 (fall 
2002) and Phase 2 (fall 2003) monitoring. 

 

 

Two juvenile white sturgeon were captured during Phase 1 and recaptured during Phase 2. The growth rates of these 

fish between initial release and capture, subsequent release and recapture, and initial release and recapture are provided 

in Table 3.6. Growth rates were greater between initial release and capture than between subsequent release and 

recapture. One of these fish (sample number 5) exhibited abnormal body curvature (i.e., “humpbacked”) when captured 

during Phase 1 monitoring. This fish was one of 22 wild fry released from the hatchery in 2002 that were hatched from 

eggs collected on substrate mats during the 2001 white sturgeon spawning study at Waneta (Golder 2002). When 

captured during Phase 2 monitoring, the abnormal body curvature was no longer noticeable. The reason for this is 

unknown. 
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3.3.4.3  Relative Weight 

The relative weight (Wr) index for juvenile white sturgeon released in 2002 and captured in 2002 and/or 2003 (n = 93) 

ranged from 75% to 182% with a mean of 104% at the point of release (Figure 3.5). The Wr index for fish released and 

captured in 2003 (n = 37) ranged from 102% to 169% with a mean of 133% at the point of release (Figure 3.6). The Wr 

index for juvenile white sturgeon released and captured in the same year (i.e., age-1 fish; n = 72) ranged from 72% to 

116% with a mean of 95% at the point of capture (Figure 3.7). The Wr index for juvenile white sturgeon released in 

2002 and captured in 2003 (i.e., age-2 fish; n = 58) ranged from 59% to 99% with a mean of 76% at the point of capture 

(Figure 3.8). The weight vs. length was plotted for fish released and captured at different points in relation to weight vs. 

length curves derived to achieve relative weights of 100%, 75% and 50% (Figure 3.9). This plot indicated that juveniles 

captured during Phase 1 and 2 monitoring were in relatively good condition (i.e., all juveniles showed Wr values higher 

than 50%), and that their condition tended to decline slightly during the second year-at-large. 
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Figure 3.4 Fork length of hatchery juvenile white sturgeon between release and capture dates. Data from Phase 1 (fall 
2002) and Phase 2 (fall 2003) monitoring programs. 
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Table 3.6 Summary of growth rates of juvenile white sturgeon captured during both Phase 1 (2002) and Phase 2 
(2003) monitoring. 

 
Release Capture Growth Rate/Day 

S/Na 
Date FLa (cm) Wta (g) Date FLa (cm) Wta (g) 

Days at 
Large FLa (cm) Wta (g) 

1 20 Aug. 02 26.0 137.8 29 Oct. 02 34.0 322 70 0.11 2.63 
 29 Oct. 02 34.0 322 10 Nov. 03 53.7 1157 378 0.05 2.21 
 20 Aug. 02 26.0 137.8 10 Nov. 03 53.7 1157 448 0.06 2.28 
5 17 May 02 27.0 112.4 5 Nov. 02 42.0 560 172 0.09 2.60 
 5 Nov. 02 42.0 560 24 Oct 03 58.2 1119 354 0.05 1.58 
 17 May 02 27.0 112.4 24 Oct. 03 58.2 1119 526 0.06 1.91 

 
a S/N = sample number; FL = fork length; Wt = weight. 
 

 

 

 

Figure 3.5 Frequency distribution of relative weights of juvenile white sturgeon released and captured in 2002 
(n = 93). Note: bins for relative weight represent a range of 4 (i.e., 56 = 56 to 60). 

 

 

Most fisheries management perspectives on relative weight propose to manage populations to achieve relative weights 

of 75% or greater (Murphy et al. 1991). By these standards, juvenile white sturgeon in the study area were performing 

well; although their relative weights declined somewhat during the second year-at-large, possibly due to the higher 

number of juveniles present in the system (i.e., 2003 releases more than doubled the total number of hatchery reared 

juveniles in the Keenleyside Reach). Of the fish released in 2002 or 2003 and captured in the same year (i.e., age-1 fish; 

n = 72), 31.9% of their relative weights at the point of capture were over 100%, and 97% were over 75% (Figure 3.7). 

Of the fish released in 2002 and captured in 2003 (i.e., age-2 fish; n = 58), none of their relative weights at the point of 

capture were over 100%, and 47% were over 75% (Figure 3.8). 
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Figure 3.6 Frequency distribution of relative weights of juvenile white sturgeon released and captured in 2003 
(n = 37). Note: bins for relative weight represent a range of 4 (i.e., 56 = 56 to 60). 

 

 

 

Figure 3.7 Frequency distribution of relative weights of age-1 (i.e., released and captured in same year) juvenile 
white sturgeon (n = 72). Note: bins for relative weight represent a range of 4 (i.e., 56 = 56 to 60). 
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Figure 3.8 Frequency distribution of relative weights of age-2 (i.e., released in 2002 and captured in 2003) juvenile 
white sturgeon (n = 58). Note: bins for relative weight represent a range of 4 (i.e., 56 = 56 to 60). 

 

 

 

 

Figure 3.9 Length vs. weight (relative weight) plot for juvenile white sturgeon released and captured during Phase 1 
(2002) and Phase 2 (2003) monitoring. 
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3.3.4.4  Pectoral Fin Deformities 

A summary of 2002 brood year (2003 releases) juvenile white sturgeon that were culled in Kootenay Trout Hatchery is 

provided in Appendix B, Table B8. A summary of the incidence of pectoral fin deformities by family in hatchery 

juvenile white sturgeon captured during Phase 1 is provided in Appendix B, Table B9. Of the 97 hatchery juvenile 

white sturgeon captured during the present study, 49 (50%) exhibited pectoral fin deformities (Appendix B, Table B10). 

The majority (33; 67%) of these deformities were shrivelled or shrunken pectoral fins (Plate 1); 9 (18%) were shrivelled 

or shrunken as well as curled, wavy, clubbed, and/or bifurcated (Plates 2 and 3); and 7 (14%) were curled (Plate 4). Of 

the 49 fish that exhibited pectoral fin deformities, 31 (63%) had one deformed fin and 18 (37%) had both fins deformed. 

Of the 31 fish that exhibited one deformed pectoral fin, 20 (64%) exhibited deformities of the right pectoral fin and 11 

(36%) of the left pectoral fin. 

 

Pectoral fin deformities were classified as either minor or major. Pectoral fin deformities were considered minor if the 

fins were 75% of normal size or greater and were considered major if the fins were less than 75% of normal size. For 

example, a fish with one normal sized fin and one fin less than half the normal size was considered to have a major 

deformity; a fish with one fin 80% and the other 60% of normal size (i.e., 70% of total fin size) was also considered to 

have a major deformity. Based on these classifications, 26 (53% of fish with deformities) exhibited pectoral fin 

deformities that were considered minor and 23 (47%) that were considered major. 

 

The incidence of pectoral fin deformities in hatchery juveniles captured in the upper section of the study area (14 of 29 

juveniles exhibited deformities; 48%) was similar to that exhibited by fish captured in the lower section (29 of 53; 55%) 

and fish captured in the U.S. (6 of 15; 40%). Although based on relatively small sample sizes, the incidence of pectoral 

fin deformities appeared similar among these three areas.  

 

The 50% incidence of fin deformities recorded for hatchery juvenile white sturgeon captured during the present study 

was substantially higher than the hatchery cull rate (16%; Appendix B, Table B8) recorded for the 2002 brood year. A 

small number of the fish culled exhibited head deformities, but the majority were culled if they exhibited pectoral fins 

less than half the normal size. Therefore, the incidence of actual pectoral fin deformities in the hatchery would be 

greater than the percent culled. The reason for the substantially higher rate of pectoral fin deformities in juveniles 

caught in the river can be partially explained by the severity classification used for the present study (fish were 

considered to have major fin deformities if total fin size was less than 75% of normal). Fish were culled in the hatchery 

if they exhibited fins 50% of normal size or less. The proportion of juveniles that exhibited major fin deformities during 

the present study (24%; 47% of fish with deformities) was closer to the hatchery cull rate. Deformed (i.e., curled) 

pectoral fins are occasionally observed in adult white sturgeon in the study area, but at a much lower frequency than 

observed for the hatchery releases. 
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3.3.4.5  Tissue Sampling and Stomach Contents Analysis 

Liver, kidney, gonad, muscle tissue, and whole fish samples obtained from the five juvenile white sturgeon sacrificed 

during the present study, as well as from six fish sacrificed during Phase 1 monitoring, were sent to WLAP for analysis. 

At the time this report was written, the results of these analyses had not been received. A summary of the visual health 

assessment information for the fish sacrificed during the present study is provided in Appendix B, Table B11.  

 

A summary of the stomach contents of the six hatchery juveniles sacrificed during Phase 1 monitoring and the five fish 

sacrificed during Phase 2 (i.e., 11 fish) is provided in Appendix B, Table B12. A summary of the frequency of 

occurrence of prey items recorded in stomachs obtained is provided in Table 3.7. The stomach contents of the 11 fish 

examined consisted almost exclusively of Mysis relicta (99% of total prey items; frequency of occurrence = 100%). 

Small numbers of Trichoptera nymphs, Ephemoptera nymphs, snails, and Gammarids were also recorded. 

 

 

Table 3.7 Frequency of occurrence of prey items recorded in hatchery juvenile white sturgeon stomach samples 
obtained during Phase 1 (fall 2002; n = 6) and Phase 2 (fall 2003; n = 5) monitoring. 

 
Taxon Total No. of Prey Items Frequency of Occurrence 

Mysis relicta 2103 100% 
Trichoptera nymphs 22 45% 
Ephemoptera nymphs 6 18% 
Snails 1 9% 
Gammarids 1 9% 
Unidentified tissue 2 9% 

 

 

 

3.3.4.6  Captures by Family 

Of the 8671 juvenile white sturgeon released into the study area in 2002, 36 (0.4%) were captured during Phase 1 

(2002) monitoring (Table 3.8). Of the 11 803 juvenile white sturgeon released into the study area in 2003, 37 (0.3%) 

were captured during Phase 2 (2003). Of the fish released in 2002, 60 (0.7%) were captured during Phase 2 (Table 3.8). 

During both Phase 1 and 2, at least one fish was captured from every family released. The greatest recovery rate for a 

specific family group during Phase 2 was from the wild fry family (n = 1; 4.5%). This was the same as during Phase 1; 

the same individual was captured in both years. The recovery rates from the other family groups were lower; differences 

in recapture rates were not analyzed statistically because of small sample sizes. 
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Table 3.8 Summary of hatchery juvenile white sturgeon releases and captures by family during Phase 1 (fall 2002) 
and Phase 2 (fall 2003) monitoring. 

 
Number Captured 

Release Year Family 
Number 
Released 2002 2003 Total 

Percent 
Recaptured 

2002 1 2090 9 14 23 1.1 
 2 990 2 6 8 0.8 
 3 1966 12 18 30 1.5 
 5 680 3 5 8 1.2 
 6 2923 8 13 21 0.7 
 wild fry 22 1 0c 1 4.5 
 unknowna N/A 1 2 3 N/A 
 recapturesb N/A 0 2 2 N/A 

2002 Total 8671 36 60 96 1.1 
2003 1 4344 N/A 10 10 0.2 

 2 2483 N/A 7 7 0.3 
 3 2216 N/A 6 6 0.3 
 4 2760 N/A 14 14 0.5 

2003 Total 11 803 N/A 37 37 0.3 
All Releases 20 474 36 97 133 0.6 

 
a Family could not be determined because PIT tags were not detected at capture or the PIT tag number was not found in the release data. 
b Two fish were captured in 2002 as well as 2003. One was from family 6 and the other from the wild fry family. 
c The individual from the wild fry family was the same fish captured during 2002 and is therefore included under recaptures. 
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4.0  DISCUSSION 
 

4.1  DISTRIBUTION AND ABUNDANCE 
White sturgeon studies conducted in the past within the study area have documented four main areas of high use by 

adult white sturgeon: the HLK Section (HLK to Norns Creek; includes HLK Eddy), the confluence of the Columbia and 

Kootenay rivers (Kootenay Eddy), Fort Shepherd Eddy, and Waneta Eddy (R.L. & L. 1994, 1998, 2001). During the 

present study, 97 hatchery juvenile white sturgeon were captured (including 15 captured in Roosevelt Reach by the 

WDF&W) and approximately 1210 were observed (1170 by LBV and 40 by divers). The majority of these fish were 

captured and all were observed in either Waneta Eddy (50% of total fish captured and 84% of total fish observed) or 

HLK Eddy (29% of total fish captured and 16% of total fish observed). Hatchery juveniles were also captured between 

Northport and North Gorge in the U.S. (16%), between Fort Shepherd Eddy and Waneta Eddy (4%), in Balfour Bay 

(1%), and downstream of Waneta Bridge on the right upstream bank (1%; Figures 1.1 and 1.2).  

 

Juvenile white sturgeon exhibited a distribution pattern similar to adults within the study area. Based on adult telemetry 

data from past studies (R.L. & L. 1994, 1998, and 2001), white sturgeon exhibit a low use of habitats such as long, deep 

glides and high velocity areas. Gear limitations (i.e., inability to effectively set gill nets or manoeuvre the LBV in areas 

with higher current velocities) prevented assessment of these habitats during the present study.  

 

Similar to Phase 1 results, juvenile white sturgeon were not recorded in Kootenay Eddy during the present study. The 

amount of gill net effort expended in Kootenay Eddy (1.12 net-units) was greater than the effort expended in HLK Eddy 

(0.49 net-units) and Waneta Eddy (0.60 net-units), where 28 and 48 juveniles were captured, respectively. One hour of 

footage using the LBV was obtained in Kootenay Eddy during Phase 2; white sturgeon were not observed. Adult white 

sturgeon have been commonly captured in Kootenay Eddy in past studies, but were not recorded at this location during 

the present study. These results suggest that in the fall, Kootenay Eddy may not provide habitat that is as suitable for 

juvenile white sturgeon as HLK and Waneta eddies. Reasons for this may be that the overall lower water levels in both 

the Columbia and Kootenay Rivers that commonly occur in the fall reduce water depths to below the 15 m level that 

seems to be preferred by white sturgeon adults and juveniles. Additional studies during other seasons will be required to 

document use of Kootenay Eddy as juvenile white sturgeon rearing habitat.  

 

Fort Shepherd Eddy also likely provides suitable habitat for juvenile white sturgeon. Sampling conducted in this area to 

date has been limited by depths over 50 m, high and complex current patterns, and an abundance of submerged debris 

(wood, cables, etc.). During the present study, 1.67 net-units of gill net effort were expended in Fort Shepherd Eddy; 

white sturgeon were not captured. Due to the high potential for loss of nets, these gill nets were set near the banks of the 

eddy, not in the deep central portion. The presence or absence of juvenile white sturgeon in Fort Shepherd Eddy was not 

confirmed during the present study. Further studies are required to determine whether juveniles utilize Fort Shepherd 

Eddy. 
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Based on the similarity in distribution patterns of adult and juvenile white sturgeon within Waneta Eddy and the HLK 

Section, juveniles would also be expected to use Fort Shepherd and Kootenay eddies. Additional sampling in these 

areas is expected to confirm this assumption. 

 

4.1.1  Habitat Characteristics 

The results of the present study indicate that hatchery juvenile white sturgeon mainly select deepwater eddy habitats 

within the study area. This finding was similar to the results of Phase 1 monitoring. The two main areas where juvenile 

white sturgeon were recorded during the present study were HLK Eddy and Waneta Eddy; both areas provided depths 

in excess of 15 m throughout the year and are characterized by higher counter-current velocities along the eddy margins 

with calmer velocities in the centre of the eddies. Higher proportions of boulder, cobble, and gravel were present in the 

substrate along the eddy margins and depositional substrates (sand, fine gravels, silt) were more prevalent in the central 

portions of the eddies.  

 

4.1.1.1  Depth Preferences 

In total, 22 (22%) of 98 juvenile white sturgeon were captured in areas other than HLK and Waneta eddies (see 

Section 3.3.1). Most of these fish (n = 17; 77%) were captured in depths that ranged between 7.0 and 16.6 m. The 

juveniles captured near Trimac Eddy and between Fort Shepherd and Waneta eddies during the 2003 LCRFIP were in 

depths from 1.0 to 3.0 m. Their presence indicated an occasional use of shallower, nearshore habitats at night, likely for 

feeding purposes.  

 

The occasional use of shallow water habitats by juvenile white sturgeon is supported by the results of an ultrasonic 

telemetry study conducted in the Kootenay River (spelled Kootenai in the United States) in Idaho and British Columbia 

during the summer and early fall of 1999 and 2000 (hereafter termed the 1999-2000 Kootenay River telemetry study). 

The minimum depth juvenile white sturgeon were recorded during this study was 3.1 m (see below and Table 4.1; 

Young 2002). A 1987 to 1991 study of white sturgeon in the Columbia River downstream from McNary Dam (hereafter 

termed the 1987-1991 lower Columbia study) recorded minimum depths where juvenile white sturgeon were recorded 

as 6 m in impounded areas and 2 m in the unimpounded section below Bonneville Dam (Parsley et al. 1993).  

 

During the 1987-1991 lower Columbia study, juvenile white sturgeon were most often captured within the channel 

thalweg (Parsley et al. 1993). During the 1999-2000 Kootenay River telemetry study, sonic tags were affixed to 

42 juvenile white sturgeon, of which 36 were subsequently detected at 168 locations. During that study, approximately 

60% of juvenile white sturgeon detections were made in glides, 52% in the thalweg, 50% in the outside bend of the 

river channel, and 40% in pools. The high percentage of detections associated with these areas indicated that juvenile 

white sturgeon actively sought and used deeper areas of the Kootenay River (Young 2002). In 2001, sampling 

conducted in the Canadian portion of the Kootenay River from Kootenay Lake upstream (hereafter termed the 2001 

Kootenay River study) indicated juvenile white sturgeon were generally captured in deep areas associated with river 

bends; few were captured in the shallow, flat bottom glides between bends (Neufeld and Spence 2002). In 2002, 
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sampling conducted in the same portion of the Kootenay River (hereafter termed the 2002 Kootenay River study) using 

gill nets also indicated juvenile catches were greatest in deeper habitats (Neufeld and Spence 2004).  

 

During the 2001 Kootenay River study, 58% (223.7 hours) of gill net effort was expended in depths less than 15 m and 

42% (164.2 hours) of gill net effort was expended in depths over 15 m, but 84% of juvenile white sturgeon were 

captured by the deeper sets (Neufeld and Spence 2002; Table 4.1). The mean minimum set depth where juvenile white 

sturgeon were captured during the 2002 Kootenay River study was 14.1 m and the mean maximum was 20.1 m, within 

a range of 5 to 30 m (Neufeld and Spence 2004). During the 1999-2000 Kootenay River telemetry study, the mean 

depth for all white sturgeon contacts was 11.5 m (95% C.I. = 10.9 to 12.1 m); the minimum contact depth was 3.1 m 

and the maximum was 23.0 m (Young 2002). During the 1987-1991 lower Columbia study, the median depth where 

juvenile white sturgeon (150 to 1030 mm FL) were captured in impounded areas was 19 m (range between 6 and 58 m) 

and in the unimpounded lower river (downstream of Bonneville Dam) was 16 m (range between 2 and 40 m); over 80% 

were captured in depths over 10 m and over 65% were captured in depths over 15 m (Parsley et al. 1993). The ranges 

given above may be somewhat misleading because very few fish were captured in depths of less than 5 m and the 

substantial majority were captured in depths over 10 m. 

 

Table 4.1 Comparison of depth distribution information for juvenile white sturgeon in the Columbia and Kootenay 
rivers. 

 
Study Sample Method Depth Parameters Data Source 

1999 - 2000 Kootenay River Telemetry Mean = 11.5 m (95% C.I. = 10.9 to 12.1 m) 
Range = 3.1 to 23.0 m 

Young 2002 

2001 Kootenay River Gill Net Mean minimum = 15.7 m (range = 5.2 to 25.5 m) Neufeld and Spence 2002 
  Mean maximum = 19.6 m (range = 10.1 to 29.2 m)  

2002 Kootenay River Gill Net Mean minimum = 14.1 m; mean maximum = 20.1 m 
Range = 5 to 30 m 

Neufeld and Spence 2004 

1987 - 1991 Lower Columbia Various Impounded areas: median = 19 m (range = 6 to 58 m) Parsley et al. 1993 
River  Unimpounded: median = 16 m (range = 2 to 40 m)  

  Over 80% captured at depths > 10 m; over 65% at > 15 m  
Phase 1 Juvenile Sturgeon Gill Net Mean = 16.5 m (range = 11.0 to 20.1 m) Golder 2003b 

 ROV Mean = 12.5 m (range = 8.5 to 19.5 m)  
Present Study Gill Net Mean = 15.2 m (range = 10.4 to 19.8 m) Present Study 

 ROV Mean = 19.5 m (range = 10.0 to 25.4 m)  
 Boat Electroshocking Range = 1 to 3 m  
 Diver Survey Mean = 15 m  

 

 

In the present study, the minimum depth where juvenile white sturgeon were captured by gill net was 12.0 m (average 

depth of the set); the minimum depth where they were observed by underwater video was 10.0 m. During the 2001 

Kootenay River study, the minimum depth of gill net sets that captured juvenile white sturgeon ranged between 5.2 and 

25.5 m, with a mean of 15.7 m; the maximum depth of gill net sets that captured juvenile white sturgeon ranged 

between 10.1 and 29.2 m, with a mean of 19.6 m. Significant differences were noted between the depths of gill net sets 

that captured juvenile white sturgeon and the depths of all gill net sets (p < 0.001). Of the 97 juvenile white sturgeon 

captured by gill net sampling during the 2001 study, 84% (81) were captured at depths over 15 m (Neufeld and 

Spence 2002).  
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During the 2002 Kootenay River study, significant differences were not observed (p > 0.05) between the depths of gill 

net sets that captured juvenile white sturgeon and all gill net sets. A comparison of mean set depths, however, indicated 

that proportionally more juvenile white sturgeon were captured between the 14 and 19 m depth range; approximately 

30% of captures occurred in this depth range where 15% of the total effort was expended (Neufeld and Spence 2004).  

 

During the 2003 LCRFIP, five juvenile white sturgeon were captured at depths between 1 and 3 m (Golder 2004b). 

Similar effort was expended during the 2002 LCRFIP, but juvenile white sturgeon were not captured (Golder 2003c). 

Of the five juveniles captured during the 2003 LCRFIP, four were age-2 (released in 2002) hatchery juveniles and one 

was a wild fish (age-4 based on pectoral fin ray age; the aging structure was of poor quality, however, so this age was 

questionable). These results may indicate that juvenile white sturgeon may be more likely to use shallow, near-shore 

habitats as they increase in age and size. These findings will be further evaluated during the 2004 LCRFIP, which is 

tentatively scheduled to occur in September and October 2004.  

 

4.1.1.2  Substrate and Cover Preferences 

In the present study, fines were the dominant substrate recorded at juvenile white sturgeon capture and observation 

locations. This was similar to the Phase 1 findings (Golder 2003b) and to results of other studies in the Columbia, 

Kootenay, and Snake rivers, where sand was the dominant substrate selected by juvenile white sturgeon (Young 2002). 

During the 1999-2000 Kootenay River telemetry study, the majority of juvenile white sturgeon contacts were in areas 

with sand substrate (61%), followed by clay/silt/mud (26%; i.e., fines = 87%), small cobble (8%), large cobble (3%), 

gravel (1%), and boulder (1%; Young 2002). During the 1987-1991 lower Columbia study, approximately one-third of 

juvenile white sturgeon recorded in the impounded sections were over sand substrate and 99% of observations in the 

unimpounded section (downstream of Bonneville Dam) were over sand, although this was the predominant substrate in 

the lower reach (Parsley et al. 1993).  

 

Use of instream cover by juvenile white sturgeon was based on the type of cover present in the vicinity where the 

approximately 1210 juveniles were observed by the LBV and divers; most (n = 1060; 88%) were not directly associated 

with any type of cover. The one group of approximately 150 (12% of total observed) juvenile white sturgeon observed 

in HLK Eddy were located in the vicinity of a small submerged large woody debris/boulder complex. Some of these 

fish were located directly under submerged logs or at the base of embedded boulders. These results differed from Phase 

1 results, where juveniles observed by underwater video and divers were not associated with cover. Of the 32 juveniles 

observed during Phase 1 monitoring, 4 (12%) were in areas with boulders and cobbles, but these coarse substrates were 

embedded in sand/silt and provided a minimal amount of interstitial cover. These results were similar to the 1999-2000 

Kootenay River telemetry study, where juvenile white sturgeon were most often located in habitats without cover 

(42%), followed by velocity breaks (30%), submerged logs and root wads (9%), rock (8%), wood and brush (6%), and 

submerged non-woody vegetation (6%; Young 2002). Diving observations made during the 1999-2000 Kootenay River 

telemetry study suggested that in many cases, juveniles observed in areas without cover had access to nearby submerged 

structures that would have provided velocity refugia. The author suggested Kootenay River juvenile white sturgeon may 
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have been using habitats with velocity refugia for energy conservation as well as for feeding. These results suggested 

that juvenile white sturgeon do not generally actively seek cover, but may use nearby cover if available. 

 

4.1.2  Movement 

The following discussions of movement patterns are based on fish captured during the present study and should not be 

construed as indication of definitive annual or seasonal movement patterns. Due to the number of days at-large between 

release and capture (between 113 and 556 days-at-large) undetected movements likely occurred. Therefore, the only 

definitive movement data that could be determined was the net movement during the period at-large.  

 

Net movements of 95 hatchery juvenile white sturgeon (81 captured in Canada and 14 captured in the U.S.) were 

determined. The majority of these fish (n = 59; 62%) exhibited little or no movement (i.e., net movement of less than 8 

km or captured in the same general area as released); 36 fish (38%) exhibited net movements that ranged from 26 to 73 

km. Of the fish that exhibited net movements greater than 26 km, 31 exhibited net downstream movements that ranged 

between 26 and 73 km and 5 exhibited net upstream movements between 47 and 55 km. Of the 36 fish that moved over 

25 km, 24 (67%) were released in 2002 and 12 (33%) were released in 2003. All of the juveniles that exhibited net 

upstream movements were released in 2002 (i.e., age-2 fish). This may suggest that juvenile white sturgeon are more 

likely to undertake longer movements as they mature.  

 

Hatchery juvenile white sturgeon from the 2003 brood year were released into the Columbia River on 12 and 13 May 

2004 below HLK and at Beaver Creek. At each release location, 26 hatchery juveniles from the 2002 brood year were 

also released. These fish had been held in the hatchery for an additional year until they were of sufficient size to be 

implanted with sonic nano-tags. These fish will be tracked as a component of a separate telemetry project currently 

being conducted in the study area. Data obtained during the telemetry study will provide more definitive data on 

juvenile white sturgeon movements within the study area. 

 

4.2  JUVENILE WHITE STURGEON CONDITION 
All of the juvenile white sturgeon captured during the present study were in good condition. Even fish that had 

deformed pectoral fins appeared healthy and exhibited high growth rates. The one fish that exhibited abnormal body 

curvature during Phase 1 monitoring appeared to have corrected this condition when recaptured during Phase 2 

monitoring (i.e., the abnormal body curvature was no longer noticeable). The pectoral fin deformities appear to have 

minimal effect on the growth of both age-1 and age-2 fish. It remains unclear whether these deformities will have a 

greater effect on these fish as they continue to mature and reach later stages of their life cycle, although the low 

incidence of deformed adults in the population suggests that survival may be influenced (or that the deformities are 

largely hatchery related).  
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4.2.1  Relative Weight and Growth 

Although the relative weight index has been used extensively in fisheries management, more extensive investigations 

into its properties and limitations are only beginning to emerge (e.g., Brenden and Murphy 2003). This index is based 

on the assumption that there is a universal theoretically optimal population for a species to which all individuals may be 

compared (Murphy et al. 1991).  

 

The mean relative weight at capture for all juvenile white sturgeon captured during Phase 1 and 2 monitoring was 86%. 

This was similar to the mean relative weight for juveniles captured during the 2001 (82%) and 2002 (84%) Kootenay 

River studies (Neufeld and Spence 2002 and 2004). Between release and capture, 90% of fish captured during Phase 1 

and 2 monitoring exhibited a decrease in relative weight, similar to results of the 2002 Kootenay River study where 

85% of fish captured exhibited a decrease in relative weight.  

 

Relative weight is based on the length vs. weight of a particular fish compared to the population “normal”. Growth rates 

or the age of fish are not taken into account. The usefulness of relative weight for inter-population comparisons 

appeared to be limited and it is better used for comparisons of the same population over time. As an example, an age-3 

fish captured in the Kootenay River (31.9 cm TL and 135 g) and an age-1 fish captured in the Columbia (50.8 cm TL 

and 484 g) both had relative weights of 95%. The relative weights of these fish indicated that they were both in good 

condition based on their weight at length, but does not provide information on size-at-age or growth rates.  

 

All of the juvenile white sturgeon captured during the present study increased in FL, TL, and weight after their initial 

release. The mean growth rate of juvenile white sturgeon captured during Phase 1 monitoring (age-1 fish; n = 38) was 

0.11 cm/day FL and 2.03 g/day (Golder 2003b). The mean growth rate of fish released and captured in 2003 (age-1 fish; 

n = 37) was 0.10 cm/day FL and 1.80 g/day (Appendix B, Table B7). The mean growth rate of fish released in 2002 and 

captured in 2003 (age-2 fish; n = 58) was 0.06 cm/day FL and 1.36 g/day.  

 

Growth rates of Columbia River hatchery juvenile white sturgeon captured in 2002 and 2003 were substantially higher 

than hatchery juveniles captured in the Kootenay River in 2001 and 2002 studies. The mean growth rate (calculated 

from yearly growth rates) for juvenile white sturgeon in the 2001 Kootenay River study was 0.03 cm/day FL and 

0.17 g/day (Neufeld and Spence 2002); nine fish had lost weight (eight since their release in the spring of 2000 and one 

since its previous capture in the summer of 2000). In addition, of 32 juveniles recaptured from fall 2000 releases, 27 

(84%) exhibited a decrease in relative weight; of 52 juveniles recaptured from spring 2001 releases, 50 (96%) exhibited 

a decrease in relative weight (Neufeld and Spence 2002).  

 

The mean growth rate (calculated from yearly growth rates) for juvenile white sturgeon captured during the 2002 

Kootenay River study was 0.01 cm/day FL and 0.17 g/day (Neufeld and Spence 2004). Data on growth of hatchery 

reared juvenile white sturgeon in the Kootenay River since 1990 (Ireland et al., 2002), indicated average growth 

increments of fish captured after up to 8 years at-large were 0.02 cm/day and 0.56 g/day (calculated based on average 
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yearly growth). The condition factor of 77% of hatchery white sturgeon decreased between release and recapture. The 

lower growth rates of juvenile white sturgeon captured during the 2002 Kootenay River study could have been the result 

of higher proportions of older fish in the sample (Neufeld and Spence 2004).  

 

The decreases in weight of many juvenile white sturgeon captured in the 2001 and 2002 Kootenay River studies were 

thought to be a result of adaptation time (i.e., the time it takes hatchery sturgeon to adapt to the natural environment). 

Ireland et al. (2002) stated that growth rates and condition factors within the first one to three years after release were 

often poor as many hatchery fish apparently had difficulty adapting to natural conditions. Results of the Phase 1 and 

Phase 2 components of the present study indicate juvenile white sturgeon adapted quickly and very well to natural 

conditions in the Columbia River study area. Decreases in weight between release and recapture were not exhibited by 

any juvenile white sturgeon captured during the present study. On average, age-1 fish in the Columbia River exhibited 

growth rates approximately four times as high for length and approximately 10 times as high for weight as fish captured 

during the 2001 and 2002 Kootenay River studies. In the Columbia River, the growth rate of age-2 fish was lower than 

age-1 fish, but still over double for length and approximately eight times as high for weight as Kootenay River fish.  

 

During the 2001 and 2002 Kootenay River studies, large variations in growth rates were noted among individuals. 

During the present study, growth rates of individuals ranged from 0.04 to 0.16 cm/day in fork length and from 0.72 to 

3.40 g/day in weight. The minimum growth rates were exhibited by two individuals that were released in the Kootenay 

River in 2002 and captured in Waneta Eddy in 2003. The maximum growth rates were exhibited by two individuals 

released in the HLK Section in 2003 and captured in HLK Eddy in 2003.  

 

Although juvenile white sturgeon captured during the present study exhibited variation in individual growth rates, when 

groups of individuals were compared (e.g., fish released in 2002 vs. 2003, fish with pectoral fin deformities vs. fish 

without), mean daily growth rates were similar in most cases (Appendix B, Table B7). The greatest variations were 

observed between the following groups: 

 
1. fish captured and released in the upper section during 2003 (n = 14; 0.13 cm/day FL and 2.78 g/day) vs. fish 

captured and released in the lower section during 2003 (n = 11; 0.10 cm/day FL and 1.38 g/day); 

 

2. fish released in 2003 that exhibited net movements less than 8 km (n = 25; 0.11 cm/day FL and 2.17 g/day) vs. 
fish that exhibited net movements greater than 25 km (n = 12; 0.08 cm/day FL and 1.05 g/day). 

 

The low sample numbers involved in these comparisons prevented definitive conclusions as to whether the lower 

growth rates resulted from reduced feeding efficiency as juvenile white sturgeon searched out suitable rearing habitats 

during movements or reflected greater prey availability (i.e., Mysis relicta) in the upper section of the study area. 
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4.2.2  Stomach Content Analysis 

The primary prey of juvenile white sturgeon in Bonneville and The Dalles reservoirs on the lower Columbia River in 

the United States were small benthic crustaceans (i.e., the tube-dwelling amphipods Corophium salmonis and 

Corophium spinicorne; Sprague et al. 1993). Other less dominant prey items included (in declining order of abundance 

in yearling stomachs) Ramellogammarus spp., Chironomid larva, Corbicula spp., Ephemoptera, and Neomysis 

mercedis. In addition to these prey items, small quantities of fish bones were found in some stomachs of juvenile white 

sturgeon (350 to 591 mm FL) and a greater diversity in prey items was noted in the stomachs of older juveniles.  

 

In a study of the feeding ecology of juvenile white sturgeon in the Columbia River downstream of Bonneville Dam, 

McCabe et al. (1993) also found Corophium salmonis to be the most important prey item for these fish. Smaller juvenile 

white sturgeon (144 to 350 mm FL) were observed to prey more heavily upon Corophium salmonis than larger juveniles 

(351 to 724 mm FL). Small amounts of unidentified fish were found in the stomachs of larger juveniles (351 to 

724 mm FL) during May and June. Index of feeding analysis indicated that juvenile white sturgeon fed significantly less 

in September and October than in May to August; the number of empty stomachs was also highest in September and 

October. The authors stated that this reduction in feeding during the fall indicated that prey abundance or availability 

may have resulted in limited feeding success at two areas sampled for juvenile sturgeon in September and October; 

however, white sturgeon densities were higher at these locations in September and October than in May to August. 

Regression analysis indicated that at the eight areas sampled for benthic invertebrates, no more than 32% of the 

variation in juvenile white sturgeon abundance could be explained by Corophium salmonis densities.  

 

Based on the 11 stomach samples analyzed in the present study, age-1 and age-2 hatchery juvenile white sturgeon in 

both the upper and lower sections of the study area fed almost exclusively on Mysis relicta. Mysids are a freshwater 

shrimp introduced into the Columbia River (Arrow Lakes Reservoir and Kootenay Lake) and in the Pend d’Oreille 

River (Lake Pend d’Oreille) as a food source for kokanee. Mysids in the Columbia River originate from populations in 

these lake/reservoir systems. In lacustrine environments, mysids exhibit a diel vertical movement pattern from 

deepwater areas in the day to shallow depths at night. Whether this same pattern is exhibited by mysids in a riverine 

environment is unknown. What is known however, is that at least in the mid-November period (i.e., when all of the 

stomach samples were obtained) mysids are an important component of juvenile white sturgeon diet in the study area. 

Mysids may also provide an important food source for juvenile white sturgeon during the winter period. Previous 

studies have shown that entrainment rates of mysids from HLK are related to flow releases, which typically peak in late 

spring to early summer and mid-winter. The dependence of juvenile white sturgeon on mysids during other seasons of 

the year requires additional investigation.  

 

4.2.3  Pectoral Fin Deformities 

The mean daily growth rates of juvenile white sturgeon with pectoral fin deformities were similar to fish without 

deformities (Appendix B, Table B7). This suggested that at least during initial time at-large (i.e., the first two years), the 

deformities did not appear to have a substantial negative effect on successful feeding in the natural environment. 



 GOLDER ASSOCIATES LTD. 
 
 
 
 

 
 
 
 

Upper Columbia River Juvenile White Sturgeon Monitoring Phase 2 Investigations, Fall 2003 Draft Report Page 37 

Pectoral fin deformities may have a greater effect on white sturgeon during latter stages of their life cycle (e.g., when 

they switch to a more piscivorous diet or during spawning). The long term effects of these deformities are unknown and 

should be monitored over time.  

 

The cause(s) of these pectoral fin deformities are also unknown. Potential causes include infection, contaminant issues 

(contaminant carry-over in reproductive tissue or pollutants in the environment), or hatchery stressors (e.g., stock 

density, low genetic diversity, water temperature, handling, transportation, or potential contaminants in the hatchery). 

At the time this report was written, plans to address the issue of pectoral fin deformities were being investigated by the 

UCWSRI Recovery Team. 

 

4.2.4  Survival 

Insufficient data was obtained during the present study to determine the survival rate of hatchery juvenile white 

sturgeon released into the study area in 2002 and 2003. Data obtained during Phase 3 and subsequent years of sampling 

should enable the survival rate of these fish to be determined. Growth rates and the condition of juvenile white sturgeon 

that were captured during the present study suggested that at least for the first few years-at-large, food availability 

should not limit survival.  

 

One factor that may influence the accuracy of future survival rate calculations is the number of hatchery releases that 

move out of the present study area into the Roosevelt Reach and possibly out of the Transboundary Reach. Lake 

Roosevelt potentially provides large amounts of habitat suitable for juvenile white sturgeon and there is a possibility 

that substantial numbers of fish released in Canada may move downstream into these habitats. The first year of a 

sampling program specifically targeting juvenile white sturgeon in the Roosevelt Reach was conducted by the WDF&W 

in the fall of 2003. The large size of Lake Roosevelt makes it difficult to adequately sample and while the total gill net 

effort expended in the Roosevelt Reach was approximately twice that expended in the Keenleyside Reach, only 15 

juvenile white sturgeon were captured. This may be due in part to habitat differences between the two reaches. In the 

Keenleyside Reach, juveniles are more likely to seek out velocity refugia and feed in eddy habitats, which results in 

localized concentrations of fish in these areas. As conditions become increasingly lake-like in the downstream 

Roosevelt Reach, juvenile white sturgeon may become more dispersed and less likely to congregate in relatively small 

areas, making it more difficult to capture large numbers of fish. 
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5.0  CONCLUSIONS 
 

5.1  SAMPLE METHODS 

5.1.1  Gill Nets 

Gill nets were the main sample method, as well as the most effective used to capture juvenile white sturgeon in several 

studies conducted on the Columbia and Kootenay rivers in Canada and the United States (Elliot and Beamesderfer 

1993; Lee and Underwood 2002; Neufeld and Spence 2002 and 2004; Young 2002; Ireland et al. 2002). During a study 

that compared the efficiency and selectivity of gill nets, set lines, and angling at capturing white sturgeon in The Dalles 

Reservoir (308 to 347 km upstream from the mouth of the Columbia River), gill nets captured the highest percentage 

(approximately 60% of the total gill net catch) of juvenile white sturgeon between 30 and 70 cm FL (Elliot and 

Beamesderfer 1993). Gill nets were used as the basis for juvenile white sturgeon abundance indexing in the lower 

Columbia River in the United States (B. James, Washington Department of Fish and Wildlife, Vancouver, WA, pers. 

comm., 2002) and from 1998 to 2004 in Lake Roosevelt (C. Lee, pers. comm., 2004). Gill nets have also been the main 

capture method used during juvenile white sturgeon sampling in the Kootenay River and in Lake Roosevelt on the 

Columbia River in recent years (Lee and Underwood 2002; Neufeld and Spence 2002 and 2004; C. Lee, pers. comm., 

2002).  

 

Based on data presented above and the results of Phase 1 monitoring, gill nets were the only method used to capture 

juvenile white sturgeon during Phase 2. Gill nets should continue to be used for Phase 3 monitoring and will likely form 

the basis of future indexing programs in the study area. Gill net sampling is a relatively low cost, non-lethal capture 

method that can provide substantial numbers of juvenile white sturgeon from which life history data can be obtained. 

The continued use of gill nets in the present study area during Phase 3 monitoring also will allow comparisons of 

indexing results with other white sturgeon populations in the Columbia Basin.  

 

To provide diel catch comparisons during Phase 3 monitoring, gill net sampling should be conducted during the day as 

well as overnight. Overnight gill nets should be set in HLK and Waneta eddies pending approval of the Recovery Team 

due to the increased risk of injury or death to juvenile and adult white sturgeon caused by their increased density in 

these areas. If overnight gill nets are set in these areas they would be limited to low numbers of small nets (i.e., 15.2 m 

long nets) until the catch-rate and condition of white sturgeon are assessed. 

 

5.1.2  Underwater Surveys 

The LBV proved to be an effective, low disturbance method of observing juvenile white sturgeon, their behaviour, and 

habitat use in the study area. This was due to the high water clarity of the Columbia River and the concentrations of 

juvenile white sturgeon in localized habitats with deepwater areas and lower velocities relative to mainstem flows. The 

Line Transect Method using the LBV will be used again in HLK Eddy during Phase 3, in an attempt to develop a rough 

density estimate for juvenile white sturgeon in that area. An attempt will also be made to use the LBV unit to determine 
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juvenile white sturgeon use of Fort Shepherd Eddy. Options to improve the effectiveness of the LBV as an indexing tool 

are currently being examined. Dual lasers can be ordered for the unit; this would enable the size of fish or objects 

observed to be more accurately determined.  

 

Diver surveys should not be used as a future indexing method, but may be used as a supplemental method or for 

comparisons with results of LBV surveys. Based on observations during the present study, juvenile white sturgeon may 

be more difficult for divers to capture than they were during Phase 1 monitoring. Juveniles appeared to exhibit a greater 

avoidance of divers during Phase 2 and this may be related to their tendency to aggregate in large groups and exhibit 

avoidance behaviours more typical of schooling species. The use of divers is also limited by the availability of 

volunteers from the local dive club and the length of time they can remain submerged. The volunteer divers that 

participated in the present study expressed an interest in participating in future dive surveys, but would likely only be 

available for occasional dives and not for prolonged, systematic dive surveys.  

 

5.1.3  Hook and Line Methods 

During the 2001 Kootenay River study, 387.9 net–hours of gill net effort, 40 rod-hours of angling, and 10.2 trap-days of 

cod trap sampling were expended (Neufeld and Spence 2002). In total, 98 juvenile white sturgeon were captured; 97 by 

gill nets and 1 (320 mm FL, 405 mm TL, weight of 225 g) by angling. As a result of the low number of juvenile white 

sturgeon captured by angling, this method was not utilized during the 2002 Kootenay River study (Neufeld and Spence 

2004).  

 

A 1987 study comparing the selectivity and efficiency of gill nets, set lines, and angling in The Dalles Reservoir on the 

lower Columbia River found angling to be inferior to set lines and gill nets in capturing white sturgeon under 70 cm FL; 

angling exhibited the lowest catch per crew-week (Elliot and Beamesderfer 1993). Angling captured a higher 

percentage of juvenile white sturgeon (under 70 cm FL; approximately 17% of the total angling catch) than set lines 

(approximately 5% of the total set line catch), but a lower percentage than gill nets (approximately 60% of the total gill 

net catch).  

 

Based on the information above, set line sampling and angling are not recommended for use as potential indexing 

methods during Phase 3. As the hatchery white sturgeon increase in size, they will be more likely to seek larger prey 

items and the effectiveness of these sample methods may increase. The effectiveness of set lines at capturing juvenile 

white sturgeon should be monitored as part of annual broodstock collection programs. This would provide the most 

cost-effective means of obtaining the data required to assess use of this method as an indexing tool.  

 

Although angling is not recommended during Phase 3, the use of this method to obtain specimens for life history data 

should be examined. Angling should be conducted in conjunction with LBV surveys. Once a large concentration of 

juveniles has been located, angling should be conducted to assess the efficiency of this method as compared to gill 

netting, to rapidly obtain numerous specimens for life history analysis. This type of angling would also provide 
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information on the potential susceptibility of juveniles to the existing recreational fishery. Angling could also be 

attempted in areas where the ability of other gears to sample effectively is limited, but use by juveniles is suspected. 

One such area is downstream of Fort Shepherd rapids, where in the early 1990s, angling guides reported capturing low 

numbers of juvenile white sturgeon (L. Hildebrand, Golder Associates Ltd., Castlegar, pers. comm., 2002). Angling 

conducted during the 2004 broodstock collection program and resulted in the capture of 17 hatchery and 3 wild (under 1 

m FL) juveniles (Golder, unpublished data). 

 

5.1.4  Boat Electroshocking 

During a study conducted by Holliman and Reynolds (2002) on electroshock-induced injury in juvenile white sturgeon, 

fish exposed to 60 Hz pulsed DC were seven times more likely to be injured (hemorrhage) than fish exposed to non-

pulsed DC. The researchers indicated that if 60 Hz pulsed DC is used, at least half of juvenile white sturgeon 

immobilized by the electrical field will be injured. This study recommended that if pulsed DC must be used to maintain 

acceptable catch-rates, the pulse rate should be reduced to 20 to 30 Hz and voltage should be decreased to levels that 

elicit galvanotaxis rather than tetany. These settings would likely decrease capture efficiency of juvenile white sturgeon 

in the present study area because of increased difficulty in immobilizing and netting the fish. These factors reduce the 

potential suitability (see Section 3.2.4) and effectiveness of boat electroshocking as a suitable indexing method for 

juvenile white sturgeon.  

 

The effectiveness of boat electroshocking at capturing juvenile white sturgeon will be assessed further during the 

planned 2004 LCRFIP. If juvenile white sturgeon are captured during the 2004 LCRFIP, some specimens should be 

sacrificed and examined for electroshocking induced injuries. 
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6.0  RECOMMENDATIONS FOR FUTURE STUDIES 
 

The suggested Phase 3 indexing program should be based primarily on the use of gill nets and LBV surveys. Use of 

these methods should continue to incorporate sampling stratification (e.g., spatial, temporal, and depth) and to distribute 

sample effort between strata, which would provide further data on distribution and habitat selection trends. Sampling 

should also be conducted as systematically as possible to allow for statistical comparisons and further attempts at 

density estimates (e.g., number of fish per 100 m2 of suitable rearing habitat) to be developed for juvenile white 

sturgeon in specific areas (e.g., Waneta Eddy and HLK Eddy) as well as over the entire study area. Gill nets of different 

mesh sizes (5.1, 10.2, and 15.2 cm stretched measure) should continue to be used to ensure the efficient capture of 

juvenile white sturgeon of larger size (i.e., age-3 and wild fish).  

 

During the May 2004 release, 52 juvenile white sturgeon implanted with sonic nano-tags were released. Half of these 

fish were released below HLK and half at Beaver Creek. The movements of these fish will be tracked as a component of 

a separate adult white sturgeon telemetry study currently underway by Golder Associates. The results of this study, 

however, should be incorporated into the Phase 3 report to assist in the development of an indexing program.  

 

The final plan for the Phase 3 indexing program should be developed following review of this document by the 

UCWSRI Recovery Team and acceptance in principle of the primary indexing methods selected. This approach will 

ensure the Phase 3 indexing program is adequately funded and that indexing efforts in the Keenleyside Reach can be 

coordinated with similar efforts in the Roosevelt Reach.  

 

In addition to the development of the stratified sample plan described above, additional data needs related to juvenile 

white sturgeon releases and subsequent survival were identified. Specific studies and recommendations to address these 

deficiencies and supplement existing data are: 

 
• Implement summer and late-winter-early spring sampling to verify that the late fall period represents the 

optimal period for indexing juvenile white sturgeon. LBV surveys should be conducted in the summer of 
2004 to determine if aggregations of juveniles are present in HLK and Waneta eddies during the summer, 
or if this represents an overwintering behaviour. Kootenay Eddy should be included in these seasonal 
assessments to determine if juvenile sturgeon use this area during other periods of the year. 

 
• Continue diel comparisons (to assess the efficiencies of day and night catch-rates) of gill net sampling in 

areas of low juvenile white sturgeon use and in HLK and Waneta eddies in a manner that reduces the risk 
of injury and death to white sturgeon (i.e., low numbers of smaller nets). 

 
• Collect and archive 10 pectoral fin clips from each of the 2001, 2002, and 2003 brood years to obtain 

physical examples of early growth patterns for future ageing needs. 
 

• Use the LBV to determine juvenile white sturgeon use of areas such as Fort Shepherd Eddy, continue 
attempts to obtain density estimates, and use systematically as an indexing method. 

 



 GOLDER ASSOCIATES LTD. 
 
 
 
 

 
 
 
 

Upper Columbia River Juvenile White Sturgeon Monitoring Phase 2 Investigations, Fall 2003 Draft Report Page 42 

• Consider use of the LBV in selected areas of the Roosevelt Reach (use telemetry data to monitor 
movements of juveniles to overwintering areas where larger aggregations are more likely to be found) to 
observe juvenile white sturgeon behaviour and habitat use. 

 
• Continue to determine the relative weight of juvenile white sturgeon captured within the study area, but 

more as a basis for comparisons between years for the transboundary population than for comparisons 
with other populations. 

 
• Conduct seasonal diet analysis studies. 

 
• Continue to monitor the frequency and severity of deformities and the impacts on short and long term 

growth and survival. 
 

• Assess the effectiveness of set line sampling and angling as potential indexing or fish collection methods 
via the broodstock collection program. 

 
• Continue investigations of boat electroshocking (by examining the results of other projects) as an 

alternative method to provide additional information on juvenile white sturgeon habitat use and 
distribution. This method may become more useful as hatchery juveniles increase in size and number 
within the study area and start to disperse out of the main holding areas. The LCRFIP is scheduled to 
occur again in the fall of 2004, which will allow the effectiveness of boat electroshocking as a juvenile 
white sturgeon capture method to be assessed further. 

 
• Assess injury rates in juvenile white sturgeon captured by boat electroshocking during the 2004 LCRFIP. 

 
• Obtain stomach samples from juvenile white sturgeon sacrificed during the 2004 LCRFIP to determine if 

shallow water habitat use by these fish is for feeding purposes, and if so, what they are feeding on in these 
habitats. This will also allow for comparisons with the stomach contents of fish captured by gill net. 

 
• Use 10.2 and 15.2 cm stretch measure gill nets in addition to 5.1 cm stretch measure nets during future 

sampling in the Roosevelt Reach. 
 

• Continue consultation and information exchange with agencies involved in juvenile white sturgeon 
research, including the Spokane Tribe of Indians, Colville Confederated Tribes, Washington Department 
of Fish and Wildlife, Bonneville Power Administration (Columbia Basin Fish and Wildlife Authority), and 
the Canadian Columbia River Intertribal Fisheries Commission. Work towards the complete amalgamation 
of sampling, data, and reporting to obtain a better overall understanding of the transboundary population 
of juvenile white sturgeon. 
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