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1.4  STUDY PERIOD 
In Arrow Reservoir, set line sampling for white sturgeon was conducted in October, November, and December 1999 

(Table 1.1). Boat-based tracking of sonic-tagged fish was conducted from May to September 1999 as well as 

opportunistically during the adult capture program. Sampling for white sturgeon eggs was conducted from 28 July to 

1 September 1999. 

 

Table 1.1 Sampling periods for the Arrow Reservoir white sturgeon study, 1999. 
 

Activity Session Date 

Adult Sampling (Fall)  mid-October to early December 1999 

Sonic Tracking Weekly/bi-weekly (Spring) early May to mid-June 1999 

 Weekly/bi-weekly (Summer) late June to early September 1999 

Egg Sampling Weekly (Spawning Season) late July to early September 1999 

 

 

In the lower Columbia River, tracking of sonic-tagged fish was conducted from May through July 1999 with additional 

tracking conducted in February 2000 (Table 1.2). Sampling for white sturgeon eggs was conducted from 15 June to 

3 August 1999. 

 

 

Table 1.2 Sampling periods for the lower Columbia River white sturgeon study, 1999-2000. 
 

Activity Session Date 

Sonic Tracking Weekly (Spawning season) early May to late July 1999 

 Opportunistically (Winter)  February 2000 

Egg Sampling Semi-weekly (Spawning Season) mid-June 1999 to early August 1999 
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2.0  METHODOLOGY 
 

2.1  CAPTURE TECHNIQUES 

2.1.1  Set Lines 

Set lines were used to capture white sturgeon in Arrow Reservoir. This method provides the greatest catch-rate of white 

sturgeon and is less selective than other sample gear (Elliot and Beamesderfer 1990). A medium line configuration was 

used which consisted of a 40 m mainline with eight hooks. Each set line generally consisted of a 1.3 cm diameter 

mainline rope with circle halibut hooks attached at approximately 5.0 m intervals. The hook lines consisted of a 0.64 cm 

swivel snap and a 0.5 m long dropper line tied between the swivel and the hook. The only hook size used during the 

1999 sampling season was 16/0. This large hook size was selected to reduce the incidental by-catch of smaller 

non-target species such as burbot (Lota lota). 

 

During the early fall session, all hooks were baited with kokanee obtained from Meadow Creek Hatchery. During the 

late fall session, hooks were baited with kokanee or pickled squid. To ensure the set line remained in position and the 

hooks rested on the bottom, 4.5 kg anchors were attached to each end of the set line during deployment. Buoys were 

attached to the anchors to facilitate retrieval. 

 

Set lines were deployed from a boat and set overnight in the Beaton Flats area. White sturgeon that had previously been 

equipped with ultrasonic tags were located and the set lines were deployed immediately upstream from these fish 

(Figure 2.1). Six or seven set lines were deployed each day. The UTM coordinates at sample sites were measured using 

a Garmin 12 handheld GPS unit. Coordinates at sample locations represent averaged values, with an expected accuracy 

of ±5 m. Summaries of set line sampling times and catch-rates are provided in Appendix A, Table A1. 

 

During the late fall session, two lines were set vertically with two 4.5 kg anchors at the bottom end and a buoy at the 

surface. In this way, the bait was distributed throughout the water column. This method was tested because “targets” 

(observed on the sonar and during the underwater scanning exercise) suspected to be white sturgeon were observed in 

mid-water areas of the water column and sampling with bottom sets had met with limited success. 

 

Data recorded at each set line included: date, location, set duration, water temperature, minimum and maximum depth, 

number of hooks, and catch. Catch-per-unit-effort (CPUE=no. fish/100 hook-hours) was calculated for each set. 

 

Captured white sturgeon were handled and processed in the same manner as previous studies (R.L. & L. 1999). 

Incidental captures of other fish species were removed from the set lines, identified, and measured for length. Incidental 

captures in good condition after processing were marked with a Floy tag and released. 
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2.1.2  Investigation of Sonar Imaging Technology 

In late April 1998, R.L. & L. learned of a technology called sonar imaging that was being used in Arrow Reservoir to 

locate sunken logs for subsequent salvage. On 8 March 1999, the feasibility and possible application of this technology 

to locate, identify, and observe white sturgeon were investigated. R.L. & L. provided the biological expertise and local 

experience to locate an aggregation of white sturgeon while a crew from Deepwater Scanning Service (Nanaimo, B.C.), 

provided the boat, scanning and imaging equipment, and equipment operators. The technology uses state-of-the-art 

sonar processing and sonar transducers that are combined to produce real time images at depths up to 300 m. 

 

Beaton Flats was selected as the best location to conduct the study based on the presence of numerous sonic-tagged 

white sturgeon in this area. The exact location of several tagged fish was determined using an ultrasonic receiver and 

directional hydrophone (see Section 2.3.3). When a fish was located, the sonar imaging equipment was deployed. When 

“objects” believed to be white sturgeon were recorded by the sonar imaging, the ultrasonic receiver was used to confirm 

the presence of a tagged white sturgeon in the immediate area. 

 

The first instrument deployed was a side scanning transducer. This device is towed through the water, covering the area 

on both sides of the scanner. “Objects” observed were examined using the processor to determine their distance to port 

or starboard, their position in the water column, and their length. Although the “objects” ascertained to be white 

sturgeon did not appear recognizable as fish, they were discernible from logs. This process was repeated twice more for 

further support of the observations. At this point, the side scanning sonar head was removed and replaced with a sector 

scanning sonar head. With the boat in a fixed position, the sector scanner was rotated such that the processor displayed a 

visual output similar to that of a radar screen. With each rotation, the image location was updated and this allowed the 

determination of whether the object was stationary or in motion. The detection of movement was the best way to 

confirm that an “object” was a fish. 

 

These images were observed on the on-board processor needed to view the real-time images captured by the sonar 

equipment. Still images of interest were then transferred to floppy disk for later review and analysis. 

 
2.1.3  Substrate Mats 

In the present study, the behaviour of several of the sonic-tagged reproductively mature white sturgeon in Arrow 

Reservoir was suggestive of pre-spawning activity. Five mature white sturgeon (three males and two females), moved 

upstream to the flowing section of the Columbia River below Revelstoke Dam (Figure 2.2). Since habitat conditions in 

the immediate area were potentially suitable for use by spawning white sturgeon (i.e., high velocities, depths greater 

than 3 m, cobble/boulder substrates), an egg capture program was initiated. 

 

In the lower Columbia River, the reproductively mature female white sturgeon undertook a minor upstream movement 

into the HLK tailrace area during the white sturgeon spawning season (Figure 2.3). Since habitat conditions in this area 

were considered potentially suitable for spawning, a white sturgeon egg capture program was initiated in this area. 
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In both potential spawning areas, artificial substrate mats were deployed to capture white sturgeon eggs. This technique 

has been successfully used to identify white sturgeon spawning areas, and to monitor spawning intensity and success in 

the Columbia and Kootenay rivers (R.L. & L. 1994; Marcuson et al. 1995). A summary of substrate mat sampling times 

and sampling frequencies are provided in Appendix B, Tables B1 and B2. The UTM coordinates of substrate mat 

sampling locations are provided in Appendix B, Table B3. 

 

2.2  HABITAT 

2.2.1  Temperature and Discharge 

Water temperature data for the Columbia River below Revelstoke Dam were obtained from thermistors deployed during 

the white sturgeon spawning period (Figure 2.2). Water temperature data for the Columbia river below HLK were 

obtained from continuously recording thermistors deployed throughout 1999 (Figure 2.3).  

 

Discharge data for Revelstoke Dam and HLK for 1999 were provided by BC Hydro. 

 

2.2.2  Bathymetry 

A bathymetric profile of the white sturgeon spawning area in the Columbia River below Revelstoke Dam was obtained 

from a series of cross-sectional depth transects conducted using a Lowrance X-16 chart recorder mounted on a 6.4 m jet 

drive river boat. The area mapped included the section of river channel used by mature white sturgeon for holding and 

where the substrate mats were deployed (Figure 2.2). 

 

2.3  SEASONAL MOVEMENT AND POPULATION ESTIMATES 

2.3.1  Fish Marking 

In 1999, the one white sturgeon captured was marked with a numbered Floy T-anchor tag, a Passive Integrated 

Transponder (PIT) tag from Biosonics Inc., and by the removal of a section of the left pectoral fin (i.e., used for ageing 

purposes). The Floy tag and fin clip marking techniques used during the 1999 sampling program have been in use on 

the Columbia River system since 1990. PIT tags were introduced as a marking system in 1992, and have since been a 

standard component of the fish marking program. 

 

2.3.2  Population Estimate 

A white sturgeon population estimate was derived from mark-recapture data using the Modified Schnabel estimation 

technique described in Krebs (1989). Confidence Intervals (CI) were calculated at the 95% levels (using a Poisson 

distribution). Assumptions and systematic errors associated with this technique are outlined in Krebs (1989). 
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2.3.3  Sonic Telemetry 

To assist in assessing the extent and purpose (e.g., home territory, dispersal, spawning behaviour, habitat utilization) of 

white sturgeon movements, internally implanted sonic transmitters were used. The one white sturgeon captured during 

the 1999 sampling program was implanted with a sonic transmitter. 

 

The sonic transmitters (manufactured by Sonotronics) used in the study were 65 mm in length and 18 mm in diameter, 

weighed 8 g in air, and had either a 48-month rated life span (Model CT-82-3-M) or an 18-month life span (high output 

tags, Model CHP-87-L/M). The high output tags (n=2) were used in an attempt to increase signal reception during the 

thermally stratified late summer period when transmitter detection ranges are greatly reduced. All sonic transmitters had 

unique codes and operated within a frequency range of 730 kHz (48-month tags) or 760 kHz (18-month tags). Surgical 

procedures used to internally implant the transmitters followed those described in Hildebrand and English (1991). 

 

Tracking efforts in Arrow Reservoir were concentrated in the area upstream of Km 170.0. In 1999, boat-based tracking 

surveys to locate sonic-tagged fish were conducted on a monthly basis until May. Once evidence of potential spawning 

related movements was observed, monitoring of these movements became the primary focus of the movement 

component of the study and tracking frequency increased to weekly intervals and continued until all tagged fish had 

moved out of the spawning area. On 4 August 1999, four night tracking surveys were conducted in the Revelstoke Dam 

tailrace area (between the dam and Big Eddy) to investigate the possibility of nocturnal spawning movements upstream 

from the area where the fish were recorded during the day. Tracking was also conducted opportunistically during the 

early fall and late fall adult capture programs. 

 

Tracking of the mature female white sturgeon (sonic tag #3-6-5) located in Columbia River below HLK was conducted 

at least weekly, and in some instances more frequently. 

 

2.4  LIFE HISTORY DATA 

2.4.1  Length and Weight 

White sturgeon were measured for fork length (FL), snout to post-opercular edge length (SL), and total length (TL) to 

the nearest 0.5 cm. Girth was measured behind the pectoral fins to the nearest 0.5 cm. Weight was determined using a 

135 kg capacity spring scale accurate to ±2.3 kg. 
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2.4.2  Growth Characteristics 

A section from the leading left pectoral fin ray was removed from the captured white sturgeon for ageing purposes. A 

fin ray section was obtained by making two cuts with a sterilized hacksaw blade or sidecutter pliers; the first cut was 

made approximately 5 mm distal from the point of articulation (knuckle) of the pectoral fin and the second was made 

approximately 10 mm distal from the first. The section was then separated from the fin with a sterilized surgical knife 

and pliers and placed in an envelope marked with the appropriate information. Care was taken not to sever the artery 

close to the articulation of the fin ray. If there was any bleeding from the area of the removed fin section, the area was 

swabbed with an antiseptic and pressure was applied to seal the wound. 

 

Four to six transverse sections (0.3 to 0.6 mm thickness) were obtained from the fin ray using a jewellers saw. The 

sections were permanently mounted on glass microscope slides using a synthetic-mounting medium. Fin ray sections 

were examined with a dissecting microscope using transmitted light. The age of the fish was determined by counting 

translucent zones (i.e., annuli) in the basal cross-sections using the methods described by Beamesderfer et al. (1989) and 

Rien and Beamesderfer (1994). 

 

2.4.3  Sex and Maturity 

Sex and maturity of the white sturgeon was determined by surgical examination. Surgical procedures were similar to 

those developed for white sturgeon in the United States and described by Beamesderfer et al. (1989). The descriptions 

of maturity stages generally followed the qualitative histological classifications described by Conte et al. (1988) and are 

outlined in Appendix C, Table C1. Subjective assessments were used when the maturity stage was intermediate relative 

to the classification system. The surgical procedures used followed those described in Hildebrand and English (1991) 

and R.L. & L. (1998). 

 

2.4.4  Genetic Analysis 

A sample of soft tissue was collected for molecular genetic DNA analysis from the one white sturgeon sampled in 

Arrow Reservoir in 1999. A small section of the distal end of the pectoral fin was removed, cut into thin sections using 

surgical scissors, and preserved in labelled vials containing 99% ethanol. The DNA samples were forwarded to 

B.C. Ministry of Fisheries, Victoria for genetic analyses. 
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3.0  RESULTS 
 

3.1  ADULT CAPTURE 

3.1.1  Sonar Imaging 

The feasibility of underwater scanning using sonar imaging equipment as a method of identifying and enumerating 

white sturgeon was tested in the Beaton Flats area of Arrow Reservoir. This area was considered a good location for the 

trials based on concentrations of white sturgeon, a uniform substrate that facilitated “seeing” white sturgeon, and a low 

incidence of submerged logs that could be mistaken for white sturgeon. 

 

A concentration of white sturgeon previously equipped with ultrasonic tags was located at Beaton Flats. A transect 

through the area with the side scanning device located a concentration of “objects” tentatively identified as white 

sturgeon (Figure 3.1). Tracking with the ultrasonic receiver confirmed that the boat had passed over a group of tagged 

white sturgeon (five to eight individuals). This transect was replicated in the opposite direction with the same result. At 

this point, the sector scanning device was deployed, and with this equipment, movement of the “objects” was 

confirmed. This was interpreted as further support of their identification as white sturgeon. The “objects” identified as 

white sturgeon were located in 15 to 20 m of water depth. Most were recorded in the water column from 3 to 5 m off the 

bottom. Several smaller “objects” identified by the sonar operator as smaller fish were also observed at this time. 

 

Still images of the data captured by the on-board processor were transferred to floppy disk for examination at a later 

date. These images were of poor quality compared to images displayed on the processor, although in neither case could 

the “objects” be visually identified as white sturgeon. This was the initial attempt by Deepwater Scanning Services to 

use this technology for this application. Improved images were later delivered and it was explained that the technique 

for applying this technology was still being improved. 

 

The use of sonar imaging as a technique to locate, identify, and enumerate white sturgeon showed promise, although at 

this point the main use would be to provide high resolution images of bottom topography selected by white sturgeon. 

The technique does not presently allow for the rapid, accurate, on-screen identification of white sturgeon, and requires 

the use of two methods (side scan and sector scan) to identify fish, with this identification also dependent upon the fish 

being in motion at the time of the survey. As such, the technique is not able to distinguish a white sturgeon at rest from 

a log. In addition, there is no way to distinguish between different species and thus between juvenile white sturgeon and 

other fish of similar size. Further developments and refinements are required before wider application of this technique 

is recommended. 
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3.1.2  Catch-Rates and Distribution 

In the present study, two sample sessions were conducted, one in the early fall (19 to 21 October 1999) and one in late 

fall (30 November to 2 December 1999). Adult capture efforts in both sessions were restricted to the Beaton Flats area. 

 

White sturgeon were not caught during the early fall session despite the expenditure of 3595.1 hook-hours of effort. In 

the late fall session, one white sturgeon was captured during 4189.3 hook-hours of effort in the Beaton Flats/Galena Bay 

area (Figure 2.1; Appendix A, Table A1). The total sampling effort expended in 1999 was 7784.4 hook-hours. 

 

Surface water temperature in the early fall sampling session was approximately 9.5°C. In the late fall, surface 

temperature was approximately 6.0°C. Due to equipment malfunction, sample depths were not recorded during the early 

fall session. During the late fall session, the depths sampled ranged between 15.5 and 34.0 m. The one white sturgeon 

captured was taken at a depth of 25.0 m. This fish was captured on a hook baited with kokanee. 

 

3.1.3  Life History 

The white sturgeon captured in Arrow Reservoir during the 1999 sample session measured 200.5 cm FL, was 85.0 cm 

in girth, and weighed 85.9 kg (Appendix C, Table C2). This specimen was aged at 36 years. 

 

Upon capture, this white sturgeon was surgically examined to determine sex and maturity. This fish was a male in an 

early reproductive sexual developmental stage. The fish was equipped with a sonic tag (#3-5-5) and released. 

 

One bull trout was incidentally captured during the 1999 sampling session. This fish measured 76 cm FL and appeared 

to be in excellent condition when released. 

 

3.1.4  Population Estimate 

Mark-recapture data from the four years of sampling were used to generate a preliminary population estimate for white 

sturgeon in the upper section of Arrow Reservoir (Table 3.1). Using the Modified Schnabel Method (Krebs 1989) and 

the data presented in Table 3.1, the white sturgeon population (adults) was estimated at approximately 70 fish (95% 

CI=40 to 590). Using a recapture of three fish (i.e., adding the one fish captured in 1998 that may have been originally 

captured in 1995), the estimate changed to 50 fish (95% CI=30 to 440). 

 

This estimate is considered preliminary as the sample size (four mark periods, three recapture periods) is near the 

minimum required to derive a population estimate using this technique. The confidence in this estimate is further 

reduced by the small number of fish marked (n=22) and recaptured (n=2) in the four years of study. 
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Table 3.1 Mark-recapture data used to estimate white sturgeon population size in the upper section of Arrow 
Reservoir, 1995-1999. 

 
Sample Year Number Caught Number Recaptured Number of New Marks Number of Marks at Large 

1995 5 -
a
 5 - 

1997 9 0 9 5 

1998 10 2
b
 8 14 

1999 1 0 1 15 

Total 25 2
b
 - 23 

 
a
 Not applicable. 

b Does not include one fish that was captured in 1998 with evidence of a possible previous capture (pectoral fin ray scar). 
 

 

3.2  SONIC TELEMETRY 

3.2.1  Arrow Reservoir/Upper Columbia River 

In 1997 and 1998, 17 white sturgeon were equipped with sonic transmitters. Sixteen of these fish were located in the 

Beaton Flats area during the 1999 winter tracking surveys (Figure 3.2). One early reproductive male white sturgeon 

(sonic tag #2-7-5) has not been located since July 1998. Movements of all individual fish are plotted in Figure 3.2 and 

described in Appendix D, Tables D1 to D3. 

 

Of the 16 white sturgeon successfully located during the 1999 tracking surveys, one female, expected to spawn in 1998, 

has not been located since last tracked at Beaton Flats in March 1999 (sonic tag #3-5-6). Two other white sturgeon, both 

male, have not been tracked in any location other than the Beaton Flats area during this study. One of these (early 

reproductive male; sonic tag #3-8-3) has never shown any appreciable movement since originally tagged; this fish may 

have either shed its internal tag or has died. The other (maturing male; sonic tag #2-9-3) was last located in June 1999 at 

Beaton Flats. 

 

Of the 14 fish that exhibited movement during 1999, only one, an early reproductive male (sonic tag #2-6-6), had not 

demonstrated movement from Beaton Flats by 10 June. This fish along with two other early reproductive males (sonic 

tags #2-4-8 and #4-6-8) and one female (likely early vitellogenic; sonic tag #3-7-4) were located upstream during the 

summer between Km 187.5 (near Cranberry Creek) and Km 216.0 (1 km downstream of Begbie Creek). All four of 

these fish returned to Beaton Flats by the winter. 

 

One early reproductive male white sturgeon (sonic tag #3-3-3-5) moved from Beaton Flats into Beaton Arm in May and 

again in July. This fish had returned to Beaton Flats by the fall. 

 

Two early vitellogenic female white sturgeon (sonic tags #8-8 and #4-5-9) also moved into Beaton Arm in May 1999, 

prior to moving upstream to Km 189.5 and 190.5, respectively. One of these fish (sonic tag #8-8) was located in Beaton 

Arm again in July. Both had returned to Beaton Flats by mid-October. 
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Two mature female white sturgeon (sonic tags #3-4-6 and #2-4-4-4) and three mature male white sturgeon (sonic tags 

#2-5-7, #4-4-6, and #6-10) exhibited distinct upstream movements during the late spring and summer of 1999. These 

movements were interpreted as being related to spawning activities. The two females left the Beaton Flats area where 

they were located on 19 May, and moved upstream to Km 193.0 where they were located on 26 May. One female (sonic 

tag #2-4-4-4) subsequently moved back downstream into Beaton Arm and was located on 11 June before again 

returning upstream. Of the three males, fish #2-5-7 was located at Beaton Flats in March, and in Beaton Arm in late 

May before beginning an upstream movement. Fish #4-4-6 was located at Beaton Flats on 19 May. By 27 May, this fish 

had moved 22.5 km downstream to near Ann Point, and by 10 June, had returned to Beaton Flats before beginning an 

upstream migration. Fish #6-10 was at Beaton Flats on 11 June and had begun an upstream movement by 24 June. The 

three mature males were located on 28 July along with one female (#3-4-6) in the Revelstoke Dam tailwater area at 

Km  229.5. On the same day, the other female (#2-4-4-4) was located 7 km downstream near the mouth of the 

Illecillewaet River. By the following day, this female was with the other four fish at Km 229.5. Of these five fish, only 

one male (#2-5-7) was not subsequently located back at Beaton Flats in 1999. 

 

One female white sturgeon (sonic tag #5-6-9) which was in a pre-vitellogenic maturity stage when captured in 

October 1998, was last tracked in the Beaton Flats area in late May 1998. In late July 1999, the fish was located in 

Keenleyside Eddy, immediately downstream of HLK. This represents a downstream movement of 182.8 km in less than 

two months. As of February 2000, this fish was still located in this area. Whether the fish came through the boat lock at 

the dam or through the discharge facilities (spillways or low level ports) is unknown. Attempts to pinpoint the location 

of this fish within the eddy have suggested slight movements indicating that the fish is still alive; however, until larger 

scale movements are recorded, this assumption remains unconfirmed. This fish is not expected to spawn in 2000 but 

may spawn in 2001. 

 

A white sturgeon that was originally tagged at Beaton Flats in 1995 by Kootenay Wildlife Services (sonic tag #2-4-9) 

was located at Km 224.8 in August 1999. This is the only time that this fish has ever been located since release. The 

signal was very weak which suggested the tag battery was nearly depleted. The fish was located in a slough across from 

the Revelstoke boat launch and when the crew attempted to pinpoint the location within the slough, this fish left the area 

and returned to the main river channel where the signal was lost. 

 

3.2.2  Lower Columbia River 

The main objective of the Columbia River sonic tracking program was to monitor movements of a female white 

sturgeon (sonic tag #2-3-6) located below HLK. This fish was in a late vitellogenic state when initially captured in 

April 1998 and could potentially spawn in 1999. This female was located in the Robson area (Km 4.3) throughout 

February and March 1999 and by May, had moved upstream to the Keenleyside Eddy area (Km 0.3). She was then 

located in the tailrace area of HLK twice in June before returning to the eddy for the remainder of the summer. 
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During tracking surveys to monitor this female, eight other white sturgeon with active sonic tags were located. None of 

these fish were located further than 8.0 km downstream of HLK. 

 

As previously mentioned, on 20 July 1999, one pre-vitellogenic female white sturgeon, originally captured at Beaton 

Flats in Arrow Reservoir, was located below HLK in Keenleyside Eddy. This fish has apparently remained in this area 

and was last located in February 2000. 

 

3.3  SPAWNING INVESTIGATIONS 

3.3.1  Arrow Reservoir/Upper Columbia River 

The arrival of five, mature white sturgeon (three males and two females) in the flowing portion of the Columbia River 

below Revelstoke Dam on 28 July 1999 was interpreted as a spawning movement. Substrate mats were therefore 

deployed in the area to detect spawning by this group of fish. The fish were located in a tight group adjacent to the 

Revelstoke Golf Course. Artificial substrate mats were deployed on 28 July in the same area the fish were holding. 

These mats were checked on a weekly basis until 1 September 1999. In total, 82 white sturgeon eggs were captured 

during 4156.4 mat-hours of sampling. Developmental staging of the eggs indicated two separate spawning events 

(Appendix B, Table B4). Based on egg stages and back-calculation of egg development rates, the first spawning event 

was estimated to have occurred on 30 July while the second event occurred on 20 August 1999. 

 

Water temperatures at the spawning area during this time ranged from 8.5 to 10.6°C (Figure 3.3). These temperatures 

were substantially lower than temperatures recorded during the white sturgeon spawning season in the Columbia-

Pend d’Oreille spawning area (R.L. & L. 1998), but were similar to those recorded during the white sturgeon spawning 

season on the Kootenay River (Paragamian et al. 1997). 

 

The east bank of river channel adjacent to where the eggs were collected had banks about two meters high that were 

treed and stabilized with coarse rip-rap. Instream substrates within the thalweg area of the channel were not assessed. 

The channel thalweg in the area follows the east bank (Figure 3.4). The fish most often appeared to hold in the area 

where this channel widened out. Eggs from the first spawning event were collected downstream of this channel, 

whereas eggs from the second spawning event were collected in the channel, as well as downstream of the channel. At 

the time of egg collection, surface velocities in the sampling locations ranged from 1.75 to 2.45 m/s. Load factoring 

operations at Revelstoke Dam resulted in substantially reduced flow periods (generally at night) during most days prior 

to and during the July spawning event (Figure 3.3). Surface velocities during these low flow periods were greatly 

reduced (visual estimate greater than 1 m/s). The backwater influence from the high reservoir levels prevented 

significant dewatering of eggs during the nighttime low flow periods. By the late August spawning event, flows from 

Revelstoke Dam had stabilized at higher discharge levels. 
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On the morning of 30 July 1999, both of the females located in the Revelstoke spawning area (sonic tags #3-4-6 and 

#2-4-4-4) exhibited upstream movements of approximately 2.0 and 4.0 km, respectively. This date corresponds to the 

first spawning event which suggested these movements may have been related to spawning. On 4 August 1999, four 

tracking surveys were conducted throughout the night (from 00:20 to 06:31) between Revelstoke Dam and Big Eddy in 

an attempt to identify possible nocturnal spawning movements (Appendix D, Table D3). One female (sonic tag #3-4-6) 

had moved downstream 0.8 km between 00:55 and 02:36, by 04:16 had moved 1.3 km back upstream, and by 06:31 had 

moved downstream 2.3 km. The other female (sonic tab #2-4-4-4) exhibited a gradual, continuous downstream 

movement of 0.9 km between the first and last tracking surveys. None of the three males exhibited substantial 

movements over the survey period. The differences in movements between the males and females suggested the 

movements observed were not related to spawning. 

 

3.3.2  Lower Columbia River 

Artificial substrate mats were deployed in the tailrace of HLK in response to the movement of the suspected 

pre-spawning female white sturgeon (sonic tag #2-3-6) into the tailrace area. Substrate mats were deployed on 15 June 

and remained in place until 3 August 1999. The fish was present in the general area throughout the substrate mat 

sampling program. In total, 6481.9 mat-hours of sampling were expended but white sturgeon eggs were not collected 

(Appendix B, Table B2). Water temperatures through this period ranged from 8.5 to 10.6°C (Figure 3.2). 
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4.0  DISCUSSION 
 

4.1  DISTRIBUTION AND CATCH 
Evidence obtained in the 1999 study supported previous findings that suggested white sturgeon originally caught and 

tagged in the upper section of Arrow Reservoir continued to remain in this area. Since 1995, all white sturgeon captured 

have been caught upstream of Km 177 (Galena Bay). Of the 17 fish presently equipped with sonic tags, 16 were located 

within the Galena Bay area at some time during the 1999 study. Only two fish were located downstream of Galena Bay. 

One was a mature male that moved back upstream after a short period. The other fish was at Beaton Flats in May 1999 

and was next located in Keenleyside Eddy downstream of HLK in July 1999. The reasons for this large-scale movement 

are unknown. Within several days of when this female moved through HLK, three dead white sturgeon (all males) were 

found immediately below the dam spillways. These fish may have died from injuries sustained during downstream 

passage through the dam outlet structures. None of the three males were tagged. Assuming these fish originated from 

Arrow Reservoir, their presence suggests that the population in the reservoir may be larger than estimated and that some 

movements between the reservoir and mainstem Columbia River populations do occur. 

 

Based on previous capture rates and known movement information, sampling for white sturgeon should be most 

efficient during the period of time when fish are actively feeding and concentrated in relatively small geographic areas, 

as has been recorded for the Beaton Flats area between mid-October and mid-May. Past sampling results suggested that 

fish were actively feeding in the late October period when temperatures were in the 7 to 10°C range. Sampling 

conducted in the Beaton Flats area, however, during October and December 1999, resulted in very low capture success 

(one fish captured) despite the fact that 12 previously sonic tagged fish were known to be present in close proximity to 

the set lines during the sampling period. Reasons for this lack of success are unknown. 

 

Incidental captures of fish other than white sturgeon were limited to one bull trout. In contrast to previous years when 

burbot were commonly caught, the absence of this species in the by-catch reflects the use of only large sized (16/0) 

hooks during the current study set line program. 

 

4.2  POPULATION ESTIMATE 
The 1999 population estimate of 50 fish (95% CI=30 to 440) was derived using the conservative approach of assuming 

three fish have been recaptured to date. This estimate is considered very preliminary given the low numbers of fish 

marked and recaptured and would be improved with additional sampling. 
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An alternative approach was investigated to enumerate white sturgeon in the reservoir, or at least those individuals that 

congregate in Beaton Flats during the winter period. This approach involved the use of sonar imaging technology that 

has been developed by Deepwater Scanning Services; the technique uses continuous underwater sonar scans in clear 

water systems to obtain real-time images of objects on the bottom and in the water column. Objects that move, such as 

fish, can be differentiated from stationary images, such as logs. Given the large size of white sturgeon in the system 

(i.e., that separates them from other fish species), it may be possible to use this technique to enumerate white sturgeon 

in the area. Deepwater Scanning Service and R.L. & L. conducted a preliminary test of this technique on 8 March 1999.  

 

Results of this trial indicated that although the methodology had potential for this application, the equipment needs 

further development before larger scale use is feasible. Present limitations identified with the technique included: 

 
• low visual resolution of the scan image that does not allow rapid positive identification of white sturgeon; 
 
• requirement of two scanning modes to verify target identification; 
 
• requirement that the target be moving in order to verify it is a fish; 
 
• an inability to differentiate juvenile white sturgeon from other species of a similar size; and 
 
• the possibility that fish may move and therefore be counted more than once. 

 

4.3  LIFE HISTORY DATA 
All white sturgeon captured in the last four years of sampling were adults (based on size and age) and were older than 

the 1966 year-class, suggesting that these fish have been in the reservoir since construction of HLK in 1968. Although 

evidence of spawning was obtained in the present study, evidence of successful recruitment to this population since 

HLK was constructed has not been obtained to date. Insufficient numbers of fish were captured in 1999 to warrant 

re-analysis of the life history data provided in the 1998 report (R.L. & L. 1999). 

 

4.4  MOVEMENTS 
The importance of the Beaton Flats area and the nearby Galena Bay area for use by white sturgeon as overwintering and 

feeding habitats was reconfirmed by the 1999 study results. All but one sonic-tagged white sturgeon has been located in 

Beaton Flats during every winter period since their original capture. The one exception, a fish that has not been located 

since July 1998, was located in the Beaton Flats area during the first winter after its capture (1997-1998). 

 

In the 1999 study, monitoring of movements indicated a dispersal out of the Beaton Flats area in the spring to upstream 

areas of the flowing Columbia River and into Beaton Arm. For some individuals, these movements were likely related 

to feeding activities. The presence of two pre-spawning female white sturgeon and three mature males in the flowing 

section of the Columbia River below Revelstoke Dam, however, was interpreted as being related to spawning activity. 

As a result, subsequent movement monitoring and capture programs in the reservoir were abandoned and the remaining 

program focussed mainly on documenting spawning activity in the Revelstoke area. 
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In the fall 1998 sampling program, high output sonic transmitters were applied to two of the white sturgeon captured. 

The high output tags were used to test differences in reception characteristics between these and the standard 

transmitters. Under the thermally stratified conditions experienced in the reservoir during the late summer period, the 

standard transmitters have been difficult to locate in previous years. The reception characteristics of the two tag signal 

strengths were not tested in the present study during the summer period due to the diversion of the majority of the 

survey effort to the monitoring of spawning activity below Revelstoke Dam. During tracking surveys conducted during 

non-stratified periods or in relatively shallow-water areas, the signal strength from the high output tag was noticeably 

stronger and could be detected at a greater distance than the regular tags. 

 

4.5  SPAWNING 
For the reasons indicated in the previous section, the majority of the 1999 study program was dedicated to monitoring 

white sturgeon spawning activity in the Columbia River below Revelstoke Dam. The presence of pre-spawning females 

and mature males in a localized area below Revelstoke Dam led to the deployment of substrate mats and the subsequent 

recovery of fertilized white sturgeon eggs. This resulted in the confirmation of only the second white sturgeon spawning 

area in the Columbia River within Canada. Spawning in the Revelstoke area occurred on at least two occasions, on or 

about the 31 July and the 20 August. The later spawning event represents the latest documented spawning for wild 

white sturgeon as recorded in the available literature. Spawning occurred during water temperatures that ranged 

between 9.2 and 11.6°C. These temperatures are approximately 4.0°C colder than the lowest temperatures at which 

spawning occurs in the Waneta area in the Columbia River but are within the range of temperatures reported for white 

sturgeon spawning in the Kootenay River. Spawning in the Kootenay River, however, occurs in April and May. 

 

The pre-spawning white sturgeon tended to hold in a deep-water area (5 to 6 m depth) adjacent to a steep riprap bank 

along the Revelstoke golf course. Surface water velocities in the area ranged between 1.8 to 2.5 m/s and bottom 

substrates were primarily large cobble. Eggs from the first spawning event were recovered downstream from the area 

where the fish were holding; however, the eggs from the second spawning event were collected from both above and 

below the holding area. Based on this distribution of egg recoveries, the actual spawning (i.e., egg release) location was 

not determined. The 31 July spawning event occurred during a period of load-factoring operations from Revelstoke 

Dam when flows ranged from 1545 to 711 m3/s. For most of the month prior to this date, however, flows fluctuated 

daily between 0 and 1650 m3/s. During the 20 August spawning event, daily flows were more stable and ranged between 

approximately 1300 and 1650 m3/s. Considering only two spawning events were recorded, the implications of these 

types of flow fluctuations on spawning activity are unclear. During the zero discharge events that occurred on 2 and 

3 August (i.e., following the July spawning event), the incubating eggs remained wetted due to the backwater effect 

from Arrow Reservoir although water velocities in the egg deposition area decreased substantially.  
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Movements of the potentially pre-spawning female white sturgeon in the HLK tailrace area were suggestive of a 

spawning related movement. The failure to capture white sturgeon eggs in this area, however, suggested: 

 
• the potentially pre-spawning female did not spawn in the area due to unsuitable physical spawning 

conditions (i.e., resorbed her eggs); 
 
• spawning did occur but the egg sample program failed to capture spawned eggs; or 
 
• this female did not undergo vitellogenesis in 1999 and may therefore, not spawn until 2000.  
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5.0  RECOMMENDATIONS 
 

The present study was the fourth year of white sturgeon studies on Arrow Reservoir. Based on results from this and 

previous year’s studies, the following should be considered for inclusion in future studies: 

 
• Conduct further mark-recapture sampling to improve the population estimate for white sturgeon in Arrow 

Reservoir as a means to determine whether the population is large enough to be reproductively viable. 
 

• Conduct further sampling in an attempt to capture the two white sturgeon equipped with archival tags in 
1997; the information on these tags will provide data on depth and temperature preferences of the 
individual tagged white sturgeon. 

 
• Consider purchasing CHAT (Communicating History Acoustic Transponders) tags as an alternate to 

archival tags since use of the CHAT technology does not require recapture of the fish to recover the data. 
 

• Increase tracking frequency between May and July, and focus tracking efforts on the potential 
pre-spawning female expected to spawn in 2000 to determine where this individual goes to spawn.  

 
• Conduct egg sampling in the Revelstoke dam tailwater area to provide a second year of information on 

spawning use of this area. As part of this program, obtain more detailed information on physical habitat 
characteristics in the spawning area.  

 
• Continue monthly tracking of sonic-tagged white sturgeon until late October to verify return movements 

to the Beaton Flats area; tracking during the winter period should not be required since significant winter 
movements by fish in the upper reservoir do not occur. 

 
• Conduct comparisons of signal detection characteristics of the high output versus the regular sonic tags 

under stratified conditions in the reservoir. 
 

For the white sturgeon in the Columbia River below HLK the following should be considered if studies are conducted 

in this area: 

 
• Monitor the movements of pre-spawning female white sturgeon (i.e., potentially three or four fish) that are 

presently located below the dam and are equipped with sonic transmitters. 
 

• If movements of these individuals is suggestive of spawning behaviour in the HLK tailwater area, 
implement an egg sampling program in an attempt to document spawning at this location. 
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