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ABSTRACT 

To estimate annual salmon escapement in to the Copper River, the Miles Lake hydroacoustic project 
was begun in 1978. Studies conducted during 1997 and 1998 used Bendix Corporation single beam 
side-scanning sonar equipment deployed on the north and south banks of the Copper River near the 
outlet of Miles Lake, approximately 53 krn upriver fiom the commercial fishing district. In 1997, 
salmon escapement was estimated to be 1,148,079 during the t i e  period of May 16 through August 
3. In 1998, salmon escapement was estimated to be 866,957 during the time period of May 18 
through August 4. Escapement in 1997, was the largest since the projects inception. Although it has 
not been possible to collect information at the site on species composition, most of the salmon passing 
the site are assumed to be sockeye salmon Oncorhynchus nerka since this species comprises more than 
95 percent of the salmon harvest in Copper River subsistence, commercial, recreational and personal 
use fisheries. 

KEY WORDS: Copper River, hydroacoustics, migration, Miles Lake, Oncorhynchus nerka, 
Pacific salmon, riverine sonar, sockeye salmon, side-scanning sonar, spawning 
escapement 



INTRODUCTION 

The Copper River drainage (Figure 1) has supported a commercial fishery since the early 1890's and a 
subsistence life style for the residents of this drainage for many years before that. Five species of 
Pacific salmon spawn in the Copper River. The most abundant species is sockeye salmon, which 
makes up more than 95 percent of the total run. Coho salmon Oncorhynchs kisutch comprise 
approximately five percent and chinook salmon 0. tshawytscha makes up about three percent of the 
total run. Populations of pink 0. gorbuscha and chum 0. keta salmon are not abundant. 

There are three major sockeye salmon spawning components in the Copper River system. The most 
abundant component, referred to as upper Copper River stocks, spawn in Copper River tributaries 
above Miles Lake. The second component, derived fiom upper Copper River stocks, is an artificially 
propagated Gulkana River hatchery stock. The hatchery, which has operated since the early 19701s, 
produces approximately 350,000 returning adult sockeye salmon. The third component, referred to as 
lower delta stocks, spawn in systems below the Chugach Mountains, between Eyak Lake and Katalla 
River. 

Management of Copper River salmon resources is difficult due to several factors. The Copper River is 
a cold turbid system draining extensive glaciers originating in the Alaska, Chugach, Wrangell, and St. 
Elias mountain ranges. Enumerating the escapement within this drainage has been difficult since the 
main stem Copper River is too turbid to allow visual counting of salmon. While it is possible to survey 
clear tributary streams, sockeye and chinook salmon reach these months after they have passed through 
the commercial fishery. Such surveys have little value for inseason management decisions and make it 
impossible to ensure that minimum escapement levels are achieved. However, post season escapement 
estimates do provide data to forecast subsequent runs and to establish escapement goals. 

Inseason escapement estimates first became possible in 1978, with the deployment of a single side 
scanning sonar salmon counter on the south bank of the Copper River at the outlet of Miles Lake (Mile 
49 of the Copper River Highway) approximately 53 km upstream fiom the commercial fishtng zone. 
In 1979 an additional side-scanning unit was installed on the north bank of the river. Information from 
this project has been used for real time management of both the commercial and personal use fisheries. 
During the winter of 1996 the Board of Fisheries made significant changes to The Copper River 
management plan, 5AAC 24.360 (State of Alaska, 1997). Emergency order regulation of the multi- 
million dollar commercial fishery as well as subsistence, personal use, and sport fisheries is based on 
escapement information collected at the Miles Lake sonar site. 



METHODS 

To estimate total escapement, the sonar system must be placed in an area of the river where salmon do 
not mill and all salmon traveling upriver have a high probability of passing through the sounding beam. 
An area of the river with a single channel, uniform slope, smooth bottom and adequate current velocity 
is most desirable. The most suitable location, closest to the river mouth, was found just downstream of 
Miles Lake. This site is 53 km above the upper commercial district boundary. This section of the river 
is influenced by two glaciers: Childs Glacier, which is below Miles Lake, and Miles Glacier, which is on 
the eastern shore of Miles Lake (Figure 2). Although the Copper River Highway provides access to 
the site, deep snowdrifts historically have rendered the highway impassable well into June most years. 
Since 1994, the Department of Transportation (DOT) has opened the road for vehicle travel to the 
sonar site, however, in 1998 snow depth prevented DOT fiom opening the road and the United States 
Coast Guard deployed gear and personnel to the site via helicopter. 

Sonar Operatr'ons 

The basic adult salmon counter system consists of four main elements: an electronic counting unit, a 
transducer, an artificial bottom substrate, and an oscilloscope for calibration. The system is powered by 
a 12-volt battery continuously recharged by a solar panel. 

Electronic counting units used on this project varied within and between years. Two 16 sector, 1985 
Bendix units with adjustable hit criteria by sector are currently used. Two 12 sector 198 1, Bendix units 
with rock inhibiting fbnctions are available to replace 16 sector units which malfbnction or are 
damaged. 

Transducers operate at 515 kHz and have alternating beam widths of 2 and 4 degrees. Each 
transducer is mounted on an underwater stand near the riverbank and aimed horizontally across the 
river so that the beam is perpendicular to the current and slightly off the bottom. This allows 
monitoring of that portion of river most frequently used by migrating sockeye salmon. On the south 
bank the transducer is aimed over an artificial bottom substrate with a smooth straight surface. On the 
north bank the natural river bottom is used where the slope is smooth and uniform. The south bank 
permanent artificial substrate is constructed of concrete with a steel rail embedded in the concrete to 
form a uniform surface along the river bottom. The rail also serves as a guide along which the 
transducer stand is moved in response to water level fluctuations. Through 1995, a minimum water 
level of 40.1 m above mean sea level was needed for use of the permanent substrate. When water levels 
are lower, a portable tripod is used to hold and aim the transducer. However, during the high water 



period in 1995 the lower portion of the rail was damaged by an iceberg and the required water level to 
move to the permanent substrate is now 40.9 m above sea level. 

Each transducer stand has an adjustment wheel at the top that is manually turned to aim the sonar beam 
along the river bottom or substrate. To position the beam up- or down river, the entire tripod must be 
shifted in the desired direction (Morstad 1992). These manually adjustable stands are less prone to 
damage by large pieces of ice and debris than remote controlled pan and tilt rotator units. 

Calibrations 

Each year, eequent adjustments of transducers have been required on both riverbanks because of large 
fluctuations in river level, wave action caused by strong winds, and periods of heavy ice passage. The 
north bank sonar unit was calibrated every four hours for 30 minutes or until 100 salmon were counted 
Do to the low frequency of fish passage calibrating the north bank during most instances is diflicult. 
Low fish passage less than 10 fish per hour is common and makes sonar adjustments diicult. 

Since 1994, when the south bank unit was on permanent substrate, calibrations were conducted every 
three hours for 30 minutes or until 100 salmon were counted (Morstad 1992). When the south bank 
transducer was mounted on the tripod, visual counting with the aid of the oscilloscope were conducted 
every hour for 30 minutes and then expanded to obtain a cumulative hourly count. During this period, 
the firing rate of the sonar counter was increased, aiding in visual counting. There were no adjustments 
to the sonar counter and all hourly printouts from the counter were discarded when the transducer was 
attached to the tripod. The basis for visual counting versus the sonar counts while using the tripod is 
that during the low water periods in May and early June large amounts of shore, lake and glacial ice are 
drifting down river on the surface causing high counts in the inshore sectors. Interpolations of the 
inshore sectors were constant thereby producing data based on averages (Morstad 1992). 

Species Apportionment 

Test fishing programs using gill nets and beach seines were attempted in the vicinity of the sonar site 
from 1985 through 1987, but lack of good sampling locations and small catches indicated that this was 
not a viable way to collect data on species composition (Morstad 1992). No species apportionment 
information was collected at the site in either 1997 or 1998. However, based on information fi-om 
subsistence, commercial, recreational and personal use harvests, as well as aerial surveys, most salmon 
migrating up the Copper River are sockeye salmon. Therefore, it was assumed that most sonar counts 
could be attributed to this species. 



RESULTS and DISCUSSION 

In 1997, the sonar project operated from 16 May to 3 August. Estimated escapement during that time 
period was 1,148,079 salmon, nearly double the escapement goal of 592,000 (Table 1). This is by far 
the largest recorded run of sockeye salmon to the Copper River system. Daily passage was below the 
anticipated level from May 15 through May 23 and then surpassed the dailies for most of the season. 
The cumulative escapement surpassed the cumulative projected on May 25 and never dropped below 
for the rest of the season (Figure 3). The south bank transducer was mounted on a tripod fiom 16 
May until 7 June (Tables 2-4) when water level dropped below 40.1 m (Figure 4). 

In 1998, the sonar project operated from 18 May to 4 August. Estimated passage during that time 
period was 866,957 salmon, 40 percent above the goal (Table 5) Daily passage rates were below 
anticipated values at the start of the project but surpassed anticipated values on 28 May and remained 
above them the rest of the season (Figure 5). The south bank sonar was mounted on the tripod fiom 
18 May through 1 June (Tables 6-8) (Figure 6). 
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TABLES 



Table 1 .  Daily sockeye salmon escapement estimates at Miles Lake sonar, 1997 

Estimated Daily Escapement Escapement 
Water North South Objective 0600 Projected 

Date Level ' Bank Bank Daily Cumulative Daily Cumulative Count Daily 



Table 1. (page 2 of 2) 

Estimate Escapement 
Water North South Objective 0600 Projected 

Total 43,350 1,104,729 1,148,079 

a Meters above sea level. 

South bank transducer was deployed on the tripod 

North bank tripod was deployed. 

South bank transducer was deployed on the permanent substrate at midnight. 

" North Bank counter was pulled at 12:00 midnight. 



Table 2. The number of minutes each hour the oscilloscope was monitored on the south bank tripod, Miles Lake sonar, 1997. 

HOUR 16-May 17-May 18-May 19-May 20-May 21-May 22-May 23-May 24-May 25-May 26-May 27-May 28-May 29-May 30-May 31-May Ol-Jun 02-Jun 03-Jun 04-Jun 05-Jun 06-Jun 

30 30 30 30 30 30 30 30 20 20 20 20 20 20 20 20 20 20 

TOTAL 720 720 720 720 720 720 720 720 720 708 690 680 480 480 480 480 480 480 480 480 480 480 



Table 3 .  The number of fish observed passing the south bank tripod during visual monitoring of the oscilloscope, Miles Lake sonar, 1997. 

HOUR 16-May 17-May 18-May 19-May 20-May 21-May 22-May 23-May 24-May 25-May 26-May 27-May 28-May 29-May 30-May 31-May 01-Jun 02-Jun 03-Jun 04-Jun 05-Jun 06-Jun 

TOTAL 32 44 68 84 243 232 871 1.372 6.098 13,101 13.124 15,059 15.394 15.515 12.518 15.400 10,519 10.248 6.026 5,854 5.396 6.606 



Table 3. Expanded hourly and daily counts from the south bank tripod , Miles Lake sonar, 1997. 

HOUR 16-May 17-May 18-May 19-May 20-May 21-May 22-May 23-May 24-May 25-May 26-May 27-May 28-May 29-May 30-May 31-May Ol-Jun 02-Jun 03-Jun 04-Jun 05-Jun 06-Jun 

Total 64 88 136 168 486 464 1,742 2.744 12.196 26,923 26.248 31.978 46,182 46.539 37.554 46,197 31.557 30,744 18.078 17.562 16,188 19.818 

Dally 64 88 136 168 488 464 1,742 2.744 12,196 26,923 27,389 31,978 46,182 46,539 37,554 46.197 31,557 30,744 18,078 17,562 16,188 19,818 





Table 5 .  (page 2 of 2) 

Estimate Escapement 
Water North South Objective 0600 Projected 

Date Level ' Bank Bank Daily Cumulative Daily Cumulative Count Daily 

01-Jul 42.65 m 13,374 13,646 597,911 6,585 380,981 3.189 12,756 

02-Jul 42.90 259 11.173 11.432 609,343 6,812 387,793 4,203 16,812 

03-Jul 43.16 110 10,926 11,036 620,379 7,804 395,597 2,347 9.388 

Meters above sea level. 

South bank transducer was deployed on the tripod 

North bank tripod was deployed 

South bank transducer was deployed on the permanent substrate at midnight. 



Table 6. The number of minutes each hour the oscilloscope was monitored on the south bank tripod, Miles Lake sonar, 1998. 

HOUR 18-May 19-May 20-May 21-May 22-May 23-May 24-May 25-May 26-May 27-May 28-May 29-May 30-May 31-May 
0000-01 00 0 0 0 0 30 30 30 30 30 30 30 22 30 30 

TOTAL 171 270 530 550 710 710 710 710 710 710 710 567 710 710 



Table 7. The number of fish observed passing the south bank tripod during visual monitoring of the oscilloscope, Miles Lake sonar, 1998. 

HOUR 18-May 19-May 20-May 21-May 22-May 23-May 24-May 25-May 26-May 27-May 28-May 29-May 30-May 31-May 

0000-01 00 59 23 32 92 105 226 207 133 348 411 

TOTAL 19 47 64 573 627 657 1,768 2,881 2,784 4,430 5,056 4,513 9,093 11,385 





FIGURES 



Figure 1.-The Copper River and Copper River delta area. 





CHILDS 
GLACIER do 

ADF&G 
CAMP 

MILES LAKE 

: Fiqure3. North and south bank sonar sitestMiles Lake area,~oppz? River. 

20 



1997 MILES LAKE SONAR COUNTS 

DAILY 
50 

CUMULATIVE 

I ..*..- ANTICIPATED 

Figure 4. Anticipated versus actual daily and cumulative salmon 
escapement, Miles Lake sonar, 1997. 
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Figure 6. Anticipated versus actual daily and cumulative salmon 
escapement, Miles Lake sonar, 1998. 
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APPENDICES 



Appendix 1.  Daily salmon escapement estimates, Miles Lake sonar, Copper River, 1978-1998. 



Appendix 1. (page 2 of 4) 

06-Aug 103 877 1,170 533 416 

07-Aug 76 615 192 

08-Aug 166 33 

09-Aug 239 47 

Total 107,011 237,173 276,538 535,263 467,306 545,724 536,806 436,313 508,600 483,478 488,098 

-Continued- 



Appendix 1. (page 3 of 4) 

Date 1989 1990 1991 1 992 1993 1994 1995 1 996 1997 1998 Avcrsgc 

15-May 49 1 

16May 468 64 

17-May 732 448 532 88 1.195 

18-May 3,- 686 522 84 136 158 1.723 

21-Jm 7.169 10,292 8,750 16,882 3.536 11.699 15.430 7.570 8.389 12276 7,212 

22-Jrm 8.868 10.157 7,830 9,452 2,864 13,305 9.862 10,851 17.553 10.788 7,490 

23- Jun 5,850 10,166 6,358 7,234 5.069 18.686 5,320 15.544 7,705 10.907 7.451 



Appendix 1. (page 4 of 4) 

Date 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Average 

09-Aug 143 

Total 607,797 581,859 579.435 601.952 833,387 715.577 599.267 906.239 1,148,079 866,957 



Appendix 2. Cumulative daily salmon escapement estimates, Miles Lake sonar, Copper River, 1978-1998. 



Appendix 2. (page 2 of 4) 

Date 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 
01-Jul 87,131 161,458 186,824 369,645 358,667 398.131 413,087 307,163 406,743 355,803 344,750 
02-Jul 89,664 163.982 190,189 372,251 363.087 404,244 420,641 309,771 409,895 359,209 349,430 
03-Jul 92191 166,841 194,293 374,799 368,838 410,270 429,222 311,590 412,206 363,305 353,652 



Appendix 2. (page 3 of 4) 

Date 1989 1990 1991 1 992 1993 1994 1995 1596 1997 1998 Average 

15-May 49 1 0 0 

16May 959 64 0 

17-May 732 448 1.491 152 0 1,195 

I &May 4.392 1,134 2013 84 288 I58 2,919 



Appendix 2. (page 4 of 4) 

Date 1989 1990 1991 1 992 1993 1994 1995 1996 1997 1998 Avcrsgc 

01-Jul 357.345 419.169 389.351 417.493 599,066 440.686 393.204 612508 838.678 597.91 1 413.193 



Appendix 3. Daily water levels in meters above sea level, at Mile 49 Bridge, Copper River, 1982 - 1998. 

Elevation Ahve Sea Level 

Dale 
1 1-May 
12-May 
13-May 
lCMay 
15-May 
16-May 
17-May 
1 &May 
19-May 
20-May 
2 1-May 
22-May 
23-May 
24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
3 1-May 
01-Jun 
02-Jun 
03-Jun 
OCJun 
05-Jun 
06-Jun 
07-Jun 
08-Jun 
09-Jun 
10-Jun 
1 1-Jun 
12-Jun 
13-Jun 
lCJun 
15-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
20-Jun 
2 1-Jun 
22-Jun 
23-Jun 
24-Jun 
25-Jun 
26-Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 

Average 

39.87 
39.81 
39.58 
39.62 
39.65 
39.70 
39.82 
39.88 
39.92 
39.94 
39.99 
40.07 
40.16 
40.23 
40.30 
40.41 
40.48 
40.52 
40.68 
40.74 
40.78 
40.86 
40.93 
41.01 
41.10 
41.12 
41.13 
41.17 
41.23 
41.35 
41.47 
41.61 
41.73 
41.82 
41.86 
41.86 
41.85 
41.88 
42.0 1 
42.12 
42.2 1 
42.27 
42.29 
42.25 
42.22 
42.25 
42.33 
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Elevation Above Sea Level 

Date 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
1983-96 

1997 1998 Average 
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