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ABSTRACT 

Studies were conducted to determine the effects of pulsed direct current 
electrofishing on all species of fish for which electrofishing was being used 
as a method of sampling by the Alaska Department of Fish and Game. Species 
studied were rainbow trout Oncorhynchus mykiss, Arctic grayling Thymallus 
arcticus, northern pike Esox Iucius, humpback whitefish Coregonus pidschian, 
and least cisco Coregonus sardinella. Rainbow trout sustained high rates of 
mortality (13.9 percent) and injury (40.9 percent) and electrofishing has been 
discontinued as a method of sampling for this species. Northern pike 
sustained a moderate rate of injury (12.5 percent) which was significantly 
higher than that sustained by a control sample. Additional research is being 
conducted to determine the effects of these injuries. Several experiments 
were conducted with Arctic grayling and injury rates varied from 0 percent to 
18.3 percent. Although variable, virtually all of these injuries were minor 
and it was concluded that electrofishing does not have a substantial detrimen- 
tal effect on grayling populations. Neither species of whitefish sustained 
injury due to electrofishing. Because of the problems of objectively assess- 
ing the degree and impact of injury, it was recommended that the most useful 
method of assessing the effects of electrofishing is at the population level, 
by testing for differential sunrival and growth over time between test and 
control groups of fish. 

KEY WORDS: electrofishing, pulsed direct current, rainbow trout, Oncorhynchus 
mykiss, Arctic grayling, Thymallus arcticus, northern pike, Esox 
lucius, humpback whitefish, Coregonus pidschian, least cisco, 
Coregonus sardinella, injury, mortality. 
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INTRODUCTION 

The Alaska Department of Fish and Game (ADFG) has employed pulsed direct 
current electrofishing gear (hereafter referred to as electrofishing gear) as 
a primary tool for the capture of rainbow trout Oncorhynchus mykiss, Arctic 
grayling Thymallus arcticus, northern pike Esox Lucius, humpback whitefish 
Coregonus pidschian, and least cisco Coregonus sardinella. Sharber and 
Carothers (1988) determined that a large portion (44% to 67%) of large rainbow 
trout received spinal injuries (determined through X-ray and autopsy) as a 
result of exposure to pulsed DC current and that such injury rates could bias 
estimates of age, growth, and abundance based on mark-recapture techniques; 
and potentially pose a threat to the population if sampled intensively. 

Publication of the work of Sharber and Carothers (1988) provided the impetus 
for initiation of this research. Since their work spoke directly to large 
rainbow trout, our initial research was limited solely to the only Alaskan 
situation where rainbow trout were being captured with electrofishing gear: 
the Kenai River. Experimentation with Kenai River rainbow trout was designed 
only to provide a quick answer as to whether the results of Sharber and 
Carothers (1988) were applicable to Kenai River electrofishing conditions for 
rainbow trout. As a result, the study contained no controls and only provided 
estimates of mortality and injury for fish exposed to electrofishing 
(Table 1). In addition, the electronic configuration and settings at use at 
the time (see Boat Descriptions) were rigorously tested to estimate threshold 
power necessary to stun rainbow trout for capture. Upon learning that large 
Kenai River rainbow trout also sustained high rates of injury due to capture 
with electrofishing gear and that these rates were similar to those reported 
by Sharber and Carothers (1988), additional research was designed to investi- 
gate the possibility of severe injury and/or mortality for other species of 
fish in Alaska that were commonly sampled with electrofishing gear (Figure 1). 
A more complete approach was taken with these studies and they provided for 
comparisons of mortality and injury with other gear types, and, in some 
instances, provided comparisons of long term mortality (Table 1). Additional 
threshold power experimentation was not attempted during these studies since 
the Kenai River experiment demonstrated that the standard electrofishing gear 
at use at the time was correctly set for threshold power. 

The objective was to determine if detrimental effects of electrofishing 
(mortality rates, injury rates, or growth rate changes) were of such severity 
as to cause ADFG to discontinue the use of electrofishing gear. Specific 
study objectives were to: 

1. estimate the rate of immediate and short term mortality; 

2. estimate the rate of electrofishing-caused injury; 

3. estimate the rates of long term survival and growth of the species 
in question captured with electrofishing and control gears; and, 

4. determine the threshold power needed to sufficiently stun rainbow 
trout for capture. 
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Table 1. Summary of parameters measured for: (a) treatment groups (fish 
captured with electrofishing gear) ; and (b) control groups 
(fish captured with other gear types), 1988-1989. 

Parameter Duration of 
Species Location Measured Control Experiment 

Rainbow Kenai 
Trout River 

Arctic Chatanika 
Grayling River 

Gulkana 
River 

Delta 
River 

Fielding 
Lake 

Humpback Chatanika 
Whitefish River 

Least 
Cisco 

Chatanika 
River 

Northern Minto 
Pike Flats 

Immediate Mortality 
Short Term Mortality 
Threshold Power to 

Capture 

Immediate Mortality 
Short Term Mortality 
Electrofishing-caused 

Injury 
Cumulative Effect 

Immediate Mortality 
Short Term Mortality 
Electrofishing-caused 

Injury 
Cumulative Effect 
Long Term Survival 

Immediate Mortality 
Electrofishing-caused 

Injury 
Long Term Survival 
Long Term Growth 

Long Term Survival 
Long Term Growth 

Immediate Mortality 
Short Term Mortality 
Electrofishing-caused 

Injury 
Cumulative Effect 

Immediate Mortality 
Short Term Mortality 
Electrofishing-caused 

Injury 
Cumulative Effect 

Immediate Mortality 
Electrofishing-caused 

Injury 
Long Term Survival 
Long Term Growth 

None 
None 
None 

During Sampling 
4 Days 
During Sampling 

Seine and 
Hook & Line 

Hook & Line 
Hook & Line 
Hook & Line 

Seine and 
Hook 6 Line 

Trap 

Seine 
Seine 
Seine 

Seine 
Seine 
Seine 

Trap, 
Gill-net, 
Hook & Line 

During Sampling 
7 Days 
7 Days 

7 Days 

During Sampling 
7 Days 
7 Days 

7 Days 
1 Year 

During Sampling 
2 Days 

1 Year 
1 Year 

1 Year 
1 Year 

During Sampling 
7 Days 
7 Days 

During Sampling 
7 Days 
7 Days 

During Sampling 
During Sampling 

1 Year 
1 Year 
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This report is organized with a general discussion of methods followed by 
chapters devoted to individual studies. Each chapter contains a specific 
summary of methods, and a results and discussion section. A conclusions 
section at the end of the report provides a summary of findings from all 
studies. 

GENERAL METHODS 

For the evaluation of injuries, immediate mortality, and short term mortality, 
the following general sampling sequence was followed: 

1. a sample of fish to serve as a control was collected using a gear 
other than electrofishing (beach seine, trap net, gill net, or hook 
and line as required); 

2. another sample of fish (hereafter referred to as the test group) was 
collected using electrofishing gear (a boat-mounted, pulsed-DC 
electrofishing unit using the minimum voltage required for efficient 
capture); 

3. initial capture mortality by gear was recorded, and all fish killed 
during sampling were measured and retained for autopsy and X-ray; 

4. all live sampled fish were measured to the nearest millimeter of 
fork length (FL), given an adipose finclip, tagged with FD-67 Floy 
anchor type tags, and placed in a holding pen(s); 

5. dead fish were counted daily and placed in a freezer for later 
autopsy and X-ray; 

6. after 7 days, samples of test fish and control fish were killed by 
placing them in a cooler containing a large concentration of MS-222 
(in several experiments, all captured fish were used, while in other 
experiments, subsamples of fish were randomly selected, X-rayed, and 
autopsied to evaluate hemorrhaging associated with the spine, spinal 
dislocation, or spinal compression fractures (all mortalities were 
sampled in a similar manner); and, 

7. data were analyzed using contingency table analysis with correction 
for continuity (Steel and Torrie 1980) to test the hypothesis that 
there were no significant differences in immediate mortality, short 
term mortality, and injury rate between test and control groups. 
Differences in mortality, injury, survival, and growth rates were 
considered significant if a test resulted in a probability level of 
0.05 or less. 

Boat DescriDtions 

Three separate boats were used for various portions of the electrofishing 
study. All boats were similar in design. Each was a 6.1 m long flat bottom 
river boat with a jet powered outboard motor. Power to the electrofishing 
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system was supplied by a 2.5 to 3.5 kw gasoline powered generator. A Coffelt 
WP-15 was used to control voltage and pulse rate for sampling performed on 
the Kenai and Gulkana rivers (Boat A) and the Delta River and Minto Flats 
(Boat B). An old (22 years) Coffelt WP (no model number) was used to control 
voltage and pulse rate for sampling performed on the Chatanika River (Boat C). 
This WP accepted 115 volt input and was capable of 300 volt maximum output. 
Pulse rate and voltage output varied by species, water body, and water condi- 
tions and are presented for each study. Current was passed into the water 
through three (Boat A) or four (Boats B & C) anodes located on a boom extend- 
ing approximately 2 m beyond the bow of the boat. Anodes were 1.5 to 3 m long 
and were made of 9.5 mm (Boat B & C) or 19.1 mm (Boat A) diameter steel cable. 
Electrodes on Boat C were modified with a shield composed of 19.1 mm flexible 
conduit. Electrodes on Boat A were modified with a shield composed of 
101.6 mm diameter plastic pipe. Anodes extended into the water approximately 
1 to 2 meters. The aluminum hull served as the cathode on all boats. Stunned 
fish were removed from the water by dip net and placed immediately into a 
plastic live well. 

X-ray Techniaue 

X-rays of fish were taken using a Bowie portable X-ray unit on 14 X 17 in 
DuPont high speed film. Exposure times were from 0.10 to 0.15 sec. From one 
to 10 fish fit on each cassette. Both lateral and dorsal/ventral views were 
taken of each fish sampled from the Chatanika River and Minto Flats. Only a 
lateral view was taken of fish sampled from the Kenai, Gulkana, and Delta 
rivers. Vertebral abnormalities were designated as minor compression 
fractures (minor reduction in the amount of intervertebral space), moderate 
compression fractures (five or fewer vertebrae with no visible intervertebral 
space), major compression fractures (more than five vertebrae with no discern- 
able intervertebral space), and dislocations. Vertebral abnormalities were 
further characterized as naturally occurring (those with more densely fused 
vertebral sections than seen with electrofishing-induced injuries; Sharber and 
Carothers 1988), old injuries that had healed (those injuries without associ- 
ated hemorrhages), and new electrofishing-induced injuries (those injuries 
with associated hemorrhages), Injury locations were identified by vertebrae 
number with the atlas designated as vertebrae one. 

Autopsv Technioue 

Autopsies of all sample fish were performed immediately after X-rays were 
taken. External condition of each fish was noted prior to autopsy. Some fish 
captured with electrofishing gear exhibited dark bands of discoloration, 
usually across the back of the fish. These marks were termed "brands." The 
left side of the fish was filleted to expose the spinal column. The location 
of any hemorrhage was noted. Each hemorrhage was subjectively rated as minor, 
moderate, or major. Each autopsied fish was photographed for future evalua- 
tion. Locations of hemorrhages were designated (vertebrae number) by compar- 
ing photographs with X-rays. During autopsies, the laboratory personnel did 
not know whether individual fish were from test or control samples. 
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Measured Parameters 

Immediate and short-term mortality were measured from the entire population of 
captured test and control fish in each study. Injury rates were measured 
either from: (1) the entire population of test and control fish, or (2) a 
random sample of test and control fish. In either case, estimates of injury 
are irrespective of fate (sampling mortality or survivor), except for the 
Delta River grayling study, in which only survivors were randomly sampled. 
The cumulative short-term effect of sampling for test and control gears was 
estimated as total mortality plus electrofishing-caused injury to survivors. 
Long-term effects of electrofishing were measured from estimates of: (1) 
survival of tagged fish 1 year later, and (2) growth (millimeter length) of 
tagged fish 1 year later. 

CHAPTER 1 - RAINBOW TROUT 

Introduction 

In 1986, the Department initiated a study on rainbow trout in the Kenai River. 
Currently, the sport fishery for rainbow trout in the Kenai River is among the 
largest in the State for this species and the fishery is known for its large 
fish. The objective of this study was to determine stock structure, and then 
to estimate sustainable yield for the appropriate population units. A tagging 
study was identified as the means by which these objectives were to be accom- 
plished. During the first year of study, various methods of capture were 
investigated including: hook and line, electrofishing, traps, nets, and 
weirs. Electrofishing was identified as the most efficient means of sampling 
these fish in their mainstem habitat. Mark-recapture surveys were conducted 
in 1987 with the use of a boat-mounted pulsed DCelectroshocker and this work 
was to be continued in 1988. After Sharber and Carothers (1988) demonstrated 
that electrofishing could cause a high rate of Injury to large rainbow trout, 
sampling was suspended in 1988 until the effects of electrofishing could be 
evaluated. 

Methods 

Short term mortality and the incidence of internal injury were measured for 
the electronic configuration as described in Chapter 4 of this report 
(Boat A). To summarize: 101.6 mm (4 inch) diameter shields were placed 
around each of five 19.1 mm (3/8 inch) electrodes, and output voltage was kept 
at 250 volts which produced a current of approximately 1 to 1.5 amps. At the 
time of capture, conductivity was 70 pmho/cm at 6.3 OC. 

For this study, short term mortality was defined as mortality that occurred 
within 96 hours and was measured by simply holding fish in a pen. For this 
study, we elected to only sample the larger fish; defined here as fish greater 
than 400 mm FL. The rational for this is as follows. Capture of fish with 
electricity is known to be selective for larger fish (Sullivan 1956). We 
hypothesized that the greater susceptibility of larger fish to electrified 
water would also make them more susceptible to injury from the electricity. 
Therefore, evaluation of mortality and injury to the larger fish provides a 
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"worst-case" answer since smaller fish may be affected to a lesser degree. In 
addition, rainbow trout greater than 400 mm FL comprised over 50% of all 
samples captured with electrofishing during 1987 (Lafferty 1989). 

A single hypothesis was tested: the cumulative effects of short term mortal- 
ity and serious internal injury for large fish occur in less than 15% of the 
sampled fish. A sample of 45 large rainbow trout were to be captured and held 
in net pens for 96 hours. Rainbow trout less than 400 mm were also held in 
the pen, but were not to be sacrificed. No control sample was taken. 

The desired sample was obtained, but unfortunately, a large number of fish 
escaped from the pens during the holding period when water levels rose above 
the top of the holding pen. The pens were covered with a tarpaulin, but were 
not sealed to prevent escape. Water levels did not rise until at least 
48 hours after capture. Confidence in results is compromised due to the 
escape of a large part of the sample. However, we have attempted to offer an 
interpretation of how this loss could have affected each conclusion. 

Results 

Short term mortality was noted and internal injury was examined in test fish 
remaining in net pens after 96 hours from the time of capture. 

Short Term Mortality: 

Seventy-two rainbow trout were captured and put into the pens. At the end of 
96 hours, a total of 41 rainbow trout were still accounted for, either through 
mortalities or at large in the pens. Ten fish, or 14% of the total sample of 
72 fish, died within 96 hours (Table 2). Mortalities were not related to size 
(D - 0.25, P - 0.55; Figure 2) although sample sizes were small and mortali- 
ties do not appear to be evenly distributed over all size categories. Mortal- 
ity declined over time and 70% of the mortality occurred within 48 hours 
(Figure 3). 

Twenty-four percent of the rainbow trout had brands at the time of capture. 
The incidence of brands was not related to fish size (D - 0.22, P - 0.45; 
Figure 4) although again, sample sizes were small. No brands were evident at 
the end of the 96-hour holding period. Of the fish that remained alive in the 
pens, a total of three rainbow trout (of the original 17) were recorded as 
having brands at the time of capture. 

All of the fish that remained alive in the pens at the end of the 96-hour 
holding period appeared lively and in good condition. The holding pens were 
placed in the river with a slight current and all of the fish were actively 
holding their position. Fish that escaped over the top of the pens when the 
water rose can be assumed to be actively swimming. 

Internal Injury: 

Thirty-two rainbow trout were examined for internal injuries (Table 2). This 
sample included the 10 mortalities and the 22 fish greater than 400 mm that 
remained alive in the pens. 
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From X-rays, 15 of the 22 fish that were sacrificed (68%) showed some evidence 
of spinal abnormality. Of these, 7 (32%) were major or moderate. From the 
autopsies, 16 of the 22 fish that were sacrificed (73%) showed some evidence 
of injury. Of these, 11 (50%) were major or moderate. 

Injuries described from the X-rays did not always occur in the same areas as 
those apparent in autopsies. Fifty-nine percent (13 fish) of the fish that 
did not die (22 fish) sustained some type of major injury (apparent in X-rays 
or autopsies). Of these 14 fish, four showed no evidence of a spinal 
hemorrhage. The appearance of these injuries and the lack of spinal 
hemorrhages associated with the structural defects suggest that these injuries 
may have been old. Therefore, 41% of the fish that did not die sustained a 
major injury that involved a hemorrhage. Including the mortalities greater 
than 400 ram FL, (lo%), a total of 53% of the sampled fish greater than 
400 mm FL either died or received a recent major injury (Figure 5). 

It is possible that the fish that escaped may have been in "better" shape than 
the fish that remained. However, even if all fish that escaped were free from 
internal injury, the estimated rate of internal injury that resulted in some 
level of hemorrhaging would have been 26%; and the rate of major internal 
injury that involved a hemorrhage would have been 14%. In combination with 
the short term mortality (14%), the total effect of death or injury would be 
28% and we would still reject our hypothesis: that the cumulative effects of 
short term mortality and serious internal injury for large fish occur in less 
than 15% of the sampled fish. 

Discussion 

Since fish did not escape until at least 48 hours into the experiment, and no 
recent mortalities were found of the fish that remained in the pens, we do not 
believe that these conclusions are seriously compromised by the loss of fish. 
Observations indicate that the fish that remained in the pen were lively 
enough to have escaped and we doubt that the escaped fish were injury-free. 
Sharber and Carothers (1988) saw no behavioral cues that would indicate spinal 
damage. 

These results are similar to those of Sharber and Carothers (1988). However, 
several major questions remain unanswered. First, to what extent are spinal 
aberrations the result of causes other than electrofishing (i.e. natural, hook 
and line, handling)? The lack of a control group in this experiment does not 
allow us to answer this question. While we doubt that spinal hemorrhaging is 
caused to any degree by factors other than electrofishing, it is possible that 
some of the hard tissue damage is the result of other factors. For instance, 
Sharber and Carothers (1988) present an example of vertebral compression which 
they attribute to natural causes. Vertebral compression without associated 
hemorrhages comprised 20% of the observed injuries of fish that did not suffer 
short term mortality. 

To what extent are these results applicable to other populations of rainbow 
trout? Since our results primarily pertain to fish greater than 400 mm, we 
suspect that our results are applicable to populations of rainbow trout that 
are comprised of a significant proportion of large fish. This conclusion is 
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supported by the work of Sharber and Carothers (1988). We are unable to 
determine if populations of smaller rainbow trout would be similarly affected. 

Finally, to what extent do these internal injuries affect long term survival 
and growth? To fully evaluate this question, it would be necessary to tag and 
sample a large number of fish by electrofishing and some other capture method 
in a given year, and then estimate survival and growth of these fish the 
following year. We were able to obtain a preliminary answer to the question 
of survival from voluntary returns of sport-caught fish. In 1987, sampling 
occurred with both electrofishing and hook and line in the same section of 
river in which the 1988 sampling occurredl. A total of 994 fish were caught 
with electrofishing and 412 fish were caught with hook and line. The distri- 
bution of lengths from these two samples were not significantly different 
(a - 0.05, D - 0.07). A total of 27 tagged fish from these samplings were 
voluntarily returned by anglers during 1988 of which 18 were originally caught 
by electrofishing and 9 were originally caught by hook and line. These rates 
of return are not significantly different (x2 - 0.216; P > 0.975). Similarly, 
we compared the rate of voluntary tag returns by gear type that were recovered 
during 1989; 2 years after tagging. A total of 15 tagged fish were recovered 
of which 9 were originally caught by electrofishing and 6 were originally 
caught by hook and line. Again, these rates of return are not significantly 
different (x2 - 0.837; P > 0.75). Since it was not possible to obtain 
accurate measurements of length from voluntary angler returns, we were unable 
to assess growth. However, we did compare the length distribution of the fish 
that were voluntarily returned in 1988, as measured in 1987 at the time of 
tagging, to the original length distributions by gear type. While small 
sample sizes preclude a definitive analysis, the length distributions of 
returns were evenly distributed around the modal lengths for both gear types 
and it does not appear that survival to the creel for either gear type was a 
function of length. Despite the alarming conclusions regarding the immediate 
and short term effects of electrofishing in this experiment, the cumulative 
effects of mortality and injury on survival, both 1 and 2 years after 
sampling, were not obviously different between electrofishing and hook and 
line. 

CHAPTER 2 - ARCTIC GRAYLING 

Introduction 

Arctic grayling (hereafter referred to as grayling) support the largest 
fisheries on native species in interior Alaska. Electrofishing gear has been 
used by ADFG as the major sampling tool for grayling since 1968. Electro- 
fishing has proven to be the most effective method by which large numbers of 
grayling can be captured during the summer months. Electrofishing is employed 
on an annual basis for population monitoring, abundance estimation, and 
estimation of various dynamic rates of grayling in several rivers and lakes in 
central Alaska. Because of the widespread use of electrofishing, the 

1 This section of river is a sampling site established by Lafferty (1989), 
16 km in length, and bounded by Jim's Landing and the confluence of the 
Russian River. 
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possibility of harmful effects are greater for grayling than for any other 
species. Thus ) studies were designed to evaluate immediate mortality, short 
term mortality, injury rates, and long term mortality rates. 

Methods 

Experiments to evaluate the effects of electrofishing on grayling were 
conducted in four locations: the Chatanika, Gulkana, and Delta rivers and 
Fielding Lake (Table 1, Figure 1). The Chatanika River flows southwesterly to 
the Tanana River (Figure 6) and is typical of clear runoff streams in which 
much of the Department's electrofishing sampling occurs. ADFG has monitored 
the grayling population of the Chatanika River since 1983. The Gulkana River, 
currently the largest grayling fishery in Alaska (in terms of harvest), flows 
south from Summit and Paxson lakes and drains into the Copper River 
(Figure 7). Tagging studies were initiated in 1986 to evaluate grayling stock 
status and migration patterns. The Delta River serves as the primary outlet 
of the Tangle Lakes system. It flows north and drains into the Tanana River 
(Figure 6). The Delta River was chosen as a study site because prior sampling 
(Baker 1989) showed that large numbers of grayling could be captured using 
control gear (hook and line and seine) and because no electrofishing had been 
conducted on the Delta River since 1974. Fielding Lake is an alpine lake 
located in the Alaska Range near the Delta River (Figure 8). It supports a 
grayling sport fishery and ADFG has conducted mark-recapture population 
experiments there since 1986. 

Experiments were conducted to estimate: (1) short term mortality and injury 
rates, and (2) long term survival and growth. In each experiment, these 
parameters were estimated for fish caught with electrofishing and tested 
against a control group. 

Short Term Mortality and Injury: 

Four hypotheses were tested (Table 1): 

1. immediate mortality rate of grayling caught with electrofishing gear 
equals immediate mortality rate of grayling caught with control 
gears (either hook and line, seine, or fyke traps); 

2. short term mortality rate (O-7 days) is equal between grayling 
caught with electrofishing and control gears; 

3. the rate of electrofishing caused injury (defined as spinal injury 
combined with spinal hemorrhage at the same location) is equal 
between grayling caught with electrofishing and control gears; and, 

4. cumulative effect (defined as mortality plus electrofishing caused 
injury) is equal between grayling caught with electrofishing and 
control gears. 

Short term and injury experiments were conducted in three locations: the 
Chatanika, Gulkana, and Delta rivers. In the Chatanika River, a total of 85 
control fish were captured, primarily with beach seine (Table 3). A total of 
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103 test fish were captured downstream from the area where sampling for 
controls was conducted (Tables 3 and 4). Grayling larger than 195 mm FL were 
placed in a holding pen located in the Chatanika River. Sixty each of test 
and control group fish were randomly selected within 50 mm length classes to 
be X-rayed and autopsied. In addition, three control and two test sampling 
mortalities were also X-rayed and autopsied. X-rays and autopsies were 
conducted on a daily basis starting on 22 August 1988 (7 days after the first 
samples were taken) and ending on 31 August 1988. 

In the Gulkana River, 88 grayling were captured with electrofishfng gear and 
11 grayling were captured with hook and line (lures were the terminal tackle) 
(Tables 3 and 4). Electrofishing was conducted downstream from the area where 
sampling for controls was conducted. Captured grayling were placed in a 
holding pen located in Sourdough Creek, approximately 100 m upstream from its 
confluence with the Gulkana River. All fish were held through 30 June 1988 (7 
to 8 days) at which time they were all sacrificed for X-rays and autopsies. 

In the Delta River, controls were captured with seine gear (132 fish) and hook 
and line gear (494 fish; Table 3). A total of 616 fish were captured with 
electrofishing gear (Tables 3 and 4). All captured fish were placed in a 
holding pen, then sampled and released at the end of the experiment. On the 
last day of sampling a random sample of 60 test and 61 control fish was sacri- 
ficed for X-rays and autopsies. In addition, 11 control and eight test 
sampling mortalities were also X-rayed and autopsied. Only the hypotheses 
concerning immediate sampling mortality (hypothesis 1) and electrofishing 
caused injury (hypothesis 3) were tested during this experiment. Fish were 
not held in pens for more than 2 days which did not allow us to test the 
hypothesis concerning short term mortality (hypothesis 2). Because fish were 
only randomly sampled from among survivors, the hypothesis concerning cumula- 
tive effect (hypothesis 4) could not be tested. 

Length distributions for test and control group fish were tested for all three 
sites and were not significantly different (Figure 9). The length distribu- 
tions of hook and line and seine captured control fish from the Delta River 
were significantly different (Figure 9). However, since only 13 seine 
captured fish were included in the Delta River control group, and since the 
analyses of test versus control group fish did not differ if these 13 fish 
were included or excluded, the length frequency differences between control 
gear types were ignored. 

Long Term Survival and Growth: 

Two hypotheses were tested: 

1. the proportion of tag recoveries after 1 year for grayling captured 
with electrofishing gear equals that of fish captured with control 
gears; and, 

2. average growth (after 1 year) of fish captured with electrofishing 
gear equals that of fish caught with control gears. 
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Long term survival and growth experiments were conducted in three locations: 
the Gulkana River, Delta River, and Fielding Lake. During 1987, a total of 
1,557 grayling were captured in the Middle Fork reach of the Gulkana River 
with electrofishing gear (Figure 7). In addition, 460 grayling were captured 
with hook and line gear from the same reach and time frame (Table 3). All 
captured fish greater than 200 mm FL were measured, tagged, and released. The 
length distributions of test and control fish were significantly different 
(Figure 10); however, sample sizes were large and the differences were minor. 
Fish were recovered in May 1988 at a weir in Poplar Grove Creek, a tributary 
to the Gulkana River that supports a run of spawning grayling. We assumed 
that the contribution of Poplar Grove fish to the test and control groups in 
1987 was equal. 

In the Delta River, the 554 control and 548 test fish that were tagged, 
measured, and released in August 1988 were available for recapture 1 year 
later (Table 3). In August 1989, sampling was conducted in the same area 
using both hook and line and electrofishing. Length frequency distributions 
of test and control fish were significantly different (Figure 10); however, 
sample sizes were large and the differences in length frequencies appear to 
consist of only a 10 mm shift in average size. Stratifying at various lengths 
failed to eliminate the significant differences in length-frequency. Because 
test fish were (on average) larger than control fish, they would be more 
likely to be affected by electrofishing. Also, any bias in survival or growth 
due to size differences between test and control fish would favor control fish 
(since they were smaller, and therefore younger). Therefore, if size bias 
influenced any conclusions regarding survival and growth differences between 
gear types, the bias would make the conclusion more conservative, and favor 
control gear types. 

In Fielding Lake during June 1987, a total of 443 grayling were tagged and 
released into the lake (Table 3). Of these, 222 were captured in fyke traps 
set off the mouths of spawning creeks and 221 were caught with electrofishing 
gear (Table 4) operated along the shore of the lake at night. Sampling was 
conducted for recaptures during June 1988 using the same capture gears. 
Length distributions of fish marked with control and test gears were signifi- 
cantly different (Kolmogorov-Smirnov Two Sample Test D - 4.24, P - 0.00). 
When stratified into two length classes, the length frequencies were no longer 
significantly different (D - 0.20, P - 0.31 for grayling greater than 
299 mm FL; D - 0.13, P - 0.17 for grayling less than 300 mm FL, Figure 10). 
To eliminate the bias due to gear selectivity, all comparisons of recapture 
rates and growth were made within these two length strata. 

Results 

Short term mortality, injury and cumulative effect, and long term survival and 
growth of test and control fish were examined for the study areas. 

Mortality: 

There was no immediate mortality in either the Chatanika River or Gulkana 
River experiments (Tables 5 and 6) and only minimal immediate mortality for 
both test (1.3%) and control (1.8%) groups in the Delta River experiment 
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(Table 7). There was no significant difference in mortality between gear 
types. 

Short term mortality was only measured for the Chatanika and Gulkana experi- 
ments (Tables 5 and 6). In the Chatanika River, a total of 13 control and 
four test fish had died 7 days after capture. The rate of short term mortal- 
ity for the control group (16.5%) was significantly higher than that of the 
test group (3.9%; Table 5). However, an inspection of mortalities demon- 
strated an inordinately high mortality rate for the control fish captured on 
17 August (nine of 11 fish died; Appendix Al). This suggests that fish 
captured on 17 August underwent an additional stress not experienced by other 
fish in the control group. After capture, these fish were held in a live well 
for the majority of a day, and it is suspected that the water was not kept 
properly aerated. This conclusion is further supported by comparison of rates 
of injury among controls. There was no significant difference in rate of 
spinal injury or spinal hemorrhages of control fish whether fish caught on 
17 August are included or excluded from the analysis (Table 5). However, if 
the control fish sampled on 17 August are removed from the analyses, the short 
term mortality rate for the control drops to 5.6% and is no longer signifi- 
cantly higher than the mortality rate of fish caught using electrofishing gear 
(Table 5). 

Further evidence that sampling stress was the primary cause of death for both 
test and control fish in the Chatanika experiment is found in the temporal 
pattern of mortalities (Figure 11). Of the 13 control mortalities, 11 died on 
the last day of the holding experiment. All four test fish mortalities 
occurred on the last day of the 7-day holding experiment. This most likely 
occurred because of cumulative stress associated with crowding in the holding 
pens. Many of the fish developed fungal infections. These infections were 
more common in the control group (28%) than the test group (11.7%); 
(x2 - 4.21, p - 0.04). The extra handling associated with hook and line 
capture and scraping of fish along the river bottom associated with seining 
probably explains the higher infection rate for control group fish, and may 
also explain the somewhat higher mortality rate suffered by the control group. 
There was no significant difference in incidence of hook caused injuries 
(defined as any injury associated with the mouth) between control fish (16.6%) 
and test fish (13.2%; x2 - 0.27, DF - 1, p - 0.06). Thus, hook injuries were 
probably not a major factor in the slightly higher rate of mortality suffered 
by the control group. No fish, from either control or test groups, had 
external brands. 

Short term mortality in the Gulkana River experiment was similar to that of 
the Chatanika River experiment in that the rate of mortalities was low (3.4% 
in the test group and 0% in the control group) and was not significantly 
different (x2 - 0.00, p - 1.00; Table 6). The three mortalities from the test 
group were probably due to the test (as opposed to handling and holding in a 
pen as seen above) since all three fish died within 4 hours of capture. 

The cumulative effects of all mortality were low for both test and control 
groups in all experiments (Figure 12). The rate of mortality for the test 
group was not significantly different from that of the control group for any 
of the experiments. 
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Injury and Cumulative Effect: 

The rate of spinal injury of survivors varied considerably across the three 
experiments (Appendices Al-A3, Tables 5-7, and Figure 12). In the Chatanika 
River, seven of 60 control fish (11.6%) had some type of spinal abnormality. 
The rate of spinal injuries apparent in X-rays of test fish was considerably 
less (3.4%; Table 5). Hemorrhaging associated with the spine was also more 
common in control (10%) than test fish (5%); however, these differences were 
not significant (Table 5). Not all hemorrhages were associated with the 
spinal column and none occurred in fish that had spinal abnormalities 
(Table 5; Appendix Al). These injuries could have occurred during any state 
of the handling, however, they probably are an indication of the stress 
associated with sampling by each method. 

Only two of the control fish with spinal injuries also had spinal hemorrhages 
(Appendix Al). However, in each case, the hemorrhage was located in a differ- 
ent area of the spine from where the X-ray abnormality occurred. None of the 
three test fish that had spinal injuries had an associated hemorrhage. The 
lack of associated hemorrhages in both test and control fish indicates that 
spinal injuries were either natural deformities or the result of past injuries 
that had healed. Examination of X-rays indicated that five spinal injuries in 
the control group were naturally occurring deformities while two spinal 
injuries of test fish were natural deformities. These injuries were excluded 
from analysis. Because there were no associated hemorrhages, the other 
abnormalities were considered old injuries that have healed. The autopsy data 
on spinal hemorrhages, in combination with an associated spinal deformity, are 
considered the best measure of injury due to electrofishing (Figure 12). 

In the Gulkana River, varying degrees of spinal compression were observed in 
the X-rays on 55 of the 88 test fish (62.5%), while three of the 12 control 
fish (18.2%) had spinal injuries. The difference in these injury rates was 
significant (Table 6), although sample size for the control group was very 
small. Two of the control fish with spinal injuries had been captured in 1987 
using electrofishing gear (tag recoveries) and may have received the injuries 
at that time. Three other control fish were also recaptures from the 1987 
study (captured with electrofishing gear); they had no spinal injuries. The 
majority of spinal injuries were rated as minor and usually occurred from the 
area between the posterior attachment of the dorsal fin to the adipose fin. 

Test fish also had a significantly higher rate of spinal hemorrhages than did 
control fish (Table 6). Twenty-four test fish (27.3%) had spinal hemorrhages 
(all rated as minor), while no hemorrhages were observed in the control fish. 
Eight additional test fish had hemorrhages associated with the dorsal muscula- 
ture (AppendLx A2). While the spinal hemorrhages were small and localized, 
two of the musculature hemorrhages extended over a large area. Twenty of the 
spinal hemorrhages occurred in fish with observable spinal injuries (from 
X-rays), and 15 of these hemorrhages occurred in the same area of the spine as 
the spinal injury. The injuries of these 15 fish, 17% of the sample, are 
assumed to have been caused by electrofishing. These fish averaged 230 mm FL 
(SE - 9.1). The entire sample of fish caught by electrofishing averaged 
251 mm FL (SE - 4.7). These lengths were not significantly different 
(t - 1.88; P > 0.05). 
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Four test fish (4.6%) showed external signs of spinal curvature (scoliosis) 
while no similar physical changes were obsenred for the control fish; however, 
these differences were not significant (x2 - 0.57, df - 1, P - 0.50). Scolio- 
sis was observed in the X-rays of 10 (11.5%) test fish while one fish (8.3%) 
in the control group showed spinal curvature. These differences were not 
significant (X2 - 0.11, df - 1, P - 0.75). 

Brands were observed on 14 test fish (16.1%) when placed in the holding pen 
but all brands had disappeared by the end of the experiment. All 14 fish had 
associated spinal injuries which is significantly more than would be expected 
(x2 - 6.65, df - 1, P - 0.01). 

In the sample from the Delta River, spinal abnormalities apparent in X-rays 
occurred in three of 61 control fish (4.9%) and in 37 of 61 test fish (61.7%). 
The rate of injury in test fish was significantly higher than that in control 
fish (Table 7). All but two of the spinal injuries of test fish were rated as 
minor (Table 6). Hemorrhages associated with the spine occurred in 13.1% of 
control fish and 25% of test fish. All eight hemorrhages of control fish were 
rated as minor whereas four of the 15 hemorrhages of test fish were rated 
moderate, and one was considered major (Table 7). However, the overall 
occurrence of hemorrhages associated with the spine was not significantly 
different for control and test fish (Table 7). 

Eleven of the 15 test fish with spinal hemorrhages had associated spinal 
injuries that were apparent in X-rays (Table 7). Four of the test fish with 
spinal hemorrhages and all of the hemorrhages of control fish had no associ- 
ated spinal injury (Table 7). Only one fish (test group tag number 84397) had 
a major spinal injury (dislocation at vertebrae 21-23). This same fish was 
also the only one to have a major spinal hemorrhage (vertebrae 20-24). Not 
all hemorrhages were associated with the spinal column and many did not occur 
in fish that had spinal abnormalities (Appendix A3). Injuries to the 11 fish 
with both spinal hemorrhages and spinal abnormalities (18.3% of the sample) 
were assumed to be caused by electrofishing (Figure 12). The average length 
of fish with injuries (304 mm FL; SE - 7) did not differ significantly from 
that of the entire sample (310 mm FL; SE - 4; t - 0.71; P < 0.40). 

One hundred sixty-three test fish (26.5%) had a "brand" (no control fish had 
brands). Eighteen of 47 test fish with spinal injuries had associated brands 
(38.3%). This is significantly higher than would be expected from the popula- 
tion as a whole (x2 - 3.04, df - 1, P - 0.08), again indicating that branding 
is an external indicator of possible spinal injury due to electrofishing. 

Long Term Survival and Growth: 

Eleven of the 12 grayling recaptured in Poplar Grove Creek in 1988 were origi- 
nally captured in the Middle Fork reach in 1987 using electrofishing gear 
(0.71% recapture rate); one of the recaptures was collected in 1987 using hook 
and line gear (0.22% recapture rate). The difference in these recapture rates 
was not significant (2 - 1.44, df - 1, P - 0.23) although sample sizes were 
small (Figure 13). Too few fish were recaptured to compare growth rates 
between the two capture techniques. 
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In Fielding Lake, 11 of 29 grayling (> 299 mm FL) recaptured in 1988 were 
originally captured in 1987 using electrofishing gear (9.6% of those 
originally marked with electrofishing gear); 18 were captured in 1987 using 
fyke nets (or 8.6% of those originally marked with fyke traps). The differ- 
ence in these recapture rates was not significant (2 - .O.Ol, df - 1, 
P- 0.92) which indicates that survival of large fish (> 299 mm FL) over a 
period of 1 year was not significantly different between fish caught using the 
two gear types (Figure 13). Because of gear selectivity, only five recaptures 
were obtained for fish that were less than 300 mm FL when tagged. The rates 
of return for fish marked with electrofishing gear (3.3%) and those marked 
with fyke nets (3.2%) are virtually identical. 

~11 fish recaptured using fyke nets were greater than 270 mm FL; fish 
recaptured using electrofishing gear ranged from 215 to 382 mm FL. To compare 
the average growth increment of fish captured by the two gear types, similar 
length frequencies are required. The length structure of fish larger than 
300 mm FL caught using the two gear types was not significantly different 
(Figure 10). Therefore, average growth of only fish larger than 300 mm was 
compared. Between June 1987 and June 1988, the 16 recaptured fish originally 
caught using fyke nets grew an average of 10 mm (SE - 2); 10 recaptured fish 
originally caught using electrofishing gear grew an average of 8 mm (SE - 2). 
The difference in these average growth rates is not significant (t - 0.98, 
P > 0.2). 

Of the 554 control fish tagged in 1988 on the Delta River, 51 (9.2%) were 
recaptured in 1989, and of 548 test fish, 45 (8.2%) were recaptured. This 
rate of return was not significantly different between gear types (x2 = 0.23, 
DF - 1, p - 0.63). The average amount of growth between test and control fish 
was also not significantly different (t - 0.32, DF - 1, p - 0.75). 

Discussion 

Results were not entirely consistent across~ all locations (Table 8) and 
sampling problems, particularly small sample sizes, compromised some results. 
Never-the-less, the preponderance of evidence indicated that the effects of 
electrofishing were not significantly different from control gears. Immediate 
and short term mortality was negligible, and did not differ among test and 
control fish. Conflicting and equivocal results were realized for 
electrofishing-caused injuries. However, long term survival and growth did 
not differ between treatment and control groups. 

Mortality: 

Immediate mortality did not occur for either test or control gear types in the 
Chatanika or Gulkana studies. Immediate mortality was low for both gear types 
in the Delta River study, and there was no significant difference in the rates 
of immediate mortality between gear types (Table 7). The first hypothesis 
regarding immediate mortality was therefore accepted. 

Short term mortality was also low in the study areas in which it was measured. 
In the Gulkana River, there was no significant difference in short term 
mortality between test and control gears. In the Chatanika River, short term 
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mortality was significantly higher for control fish (Table 5). No significant 
difference in short term mortality between gear types was found in the 
Chatanika study if control fish captured on 17 August were excluded from 
analysis. Because mortalities among control group fish were probably due to 
post-capture handling stress, and because no significant differences between 
gear types were found if the 17 August control fish were excluded, the second 
hypothesis regarding short term mortality was accepted. 

Many previous studies include some indication of mortality to fish due to 
electrofishing. Several studies (Barrett and Grossman 1988, Hudy 1985, Horak 
and Klein 1967, Maxfield et al. 1971) report no significant differences in 
mortality rates between electroshocked and control fish. Hauck (1949) 
reported that 26% of rainbow trout electroshocked "died as a result of 
electroshocking or subsequent handling"; however, no control group was used in 
the study. Comparisons between this study and earlier studies cited must be 
made with caution, since the methods used and species and size of fish used in 
all of these studies are different. For Arctic grayling captured with 
electrofishing gear normally used by the ADFG, immediate and short-term 
mortality rates were low, and did not differ from other commonly used gear 
types (hook and line or seine). Immediate mortality data from the Delta River 
(Table 7, Figure 12) and short-term mortality data from the Chatanika River 
(Table 5) further suggested that post capture handling stress made a substan- 
tial contribution to immediate and short-term mortality, and this was also 
suggested by Barrett and Grossman (1988). 

Injury and Cumulative Effect: 

Rates of spinal injury (determined from X-rays) were significantly higher for 
test versus control gears in both the Delta River and Gulkana River (Tables 6 
and 7). The rate of spinal injury (determined from X-rays) on the Chatanika 
River was not significantly different between gear types (Table 5). Rates of 
spinal hemorrhage (determined from autopsy) were not significantly different 
between gear types in any of the study areas. 

The rate of electrofishing caused injury (defined as spinal injury determined 
from X-rays combined with spinal hemorrhages determined from autopsy at the 
same location on the spine) was zero for both test and control groups from the 
Chatanika River. The rate of electrofishing caused injury was significantly 
higher for the test group in the Delta River study (Figure 12). Therefore the 
third hypothesis regarding electrofishing caused injury was accepted for the 
Chatanika and Gulkana rivers, but rejected for the Delta River. 

The rate of cumulative effect of electrofishing (defined as mortality plus 
electrofishing caused injury to survivors) was not significantly different 
from the rate for test group fish from the Chatanika River if control fish 
captured on 17 August were excluded (Table 5, Figure 12). The rate of cumula- 
tive effect was not significantly different among gears on the Gulkana River. 
Hypothesis (3) regarding cumulative effect was accepted for the Chatanika 
River and Gulkana River; cumulative effect was not determined for the Delta 
River. 
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Previous studies have found highly variable rates of spinal injury from 
electrofishing. McCrimmon and Bidgood (1965) reported that 7.6% of rainbow 
trout captured by electrofishing had abnormal vertebrae, but concluded that 
these abnormalities were natural and not a result of electrofishing. Spencer 
(1967) found spinal injury (dislocated vertebrae or spinal hemorrhage) in 1.5% 
of bluegills Lepomis macrochirus exposed to direct current electroshocking. 
Hudy (1985) exposed rainbow trout and brook trout Salvelinus fontinalis to 
high-voltage alternating current. He reported that 21% of sampling mortali- 
ties had fractured or dislocated vertebrae and that 77% of fish appearing 
abnormal (burned or erratic swimming) had such injuries. However, he found 
that only 1% of normal fish had spinal injuries, and that less than 2.5% of 
fish exposed had visible abnormality. Sharber and Carothers (1988) reported 
that between 44% and 67% of rainbow trout captured with direct current 
electrofishing had damaged vertebrae. 

Sharber and Carothers (1988) found that spinal injury caused by electrofishing 
was always accompanied by spinal hemorrhage. In this study we have defined 
electrofishing caused injury as spinal injury combined with spinal hemorrhage 
at the same location on the spine. The rates of electrofishing-caused injury 
for test fish varied from 0% from the Chatanika River to 18.3% from the Delta 
River. The high end of this range is substantially lower than reported by 
Sharber and Carothers (1988), but higher than reported by other previous 
studies (McCrimmon and Bidgood 1965, Spencer 1967, Hudy 1985). Comparisons 
must be made with caution, since capture gear and definitions of injury of all 
cited studies (except Sharber and Carothers 1988) varied substantially from 
those used in this study. 

It is unclear why injury rates differed so much between the Chatanika River 
and the other two study areas. The only variable that differed a great deal 
between sites was the type of WP box used on the Chatanika (Table 4). 
Sharber and Carothers (1988) found that different wave forms caused signifi- 
cantly different injury rates, It is possible that this WP unit produces a 
substantially different wave form than the WP units used on the Delta and 
Gulkana rivers. WP unit wave forms were not examined in a laboratory. 

The rates of electrofishing-caused injury from the Delta and Chatanika rivers 
could be cause for concern, except that most of the spinal injuries and almost 
all of the spinal hemorrhages found were minor injuries, and both immediate 
and short-term mortality was very low. Sharber and Carothers (1988) did not 
report mortality, nor did they describe the severity of the injuries they 
reported. The spinal injuries among control fish found in this study were 
probably old electrofishing injuries that have healed. Spencer (1967) 
reported that many fish had spinal injuries that had appeared to have healed 
completely. Horak and Klein (1967) reported that 39% of the fish 
electroshocked had burn marks, but only 5% died after a 35 day period. The 
best indication of the effect of electrofishing on fish populations is 
probably long term survival and growth. 

Long Term Survival and Growth: 

Recapture rates for test and control fish were not significantly different 
from any of the study areas .(Figure 13). The recapture rate was very low for 
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the Gulkana River, despite reasonably large initial sample sizes. Fish 
captured by different gear types from the Delta River had significantly 
different length frequency distributions (Figure 10). Because fish captured 
with control gear type were (on average) smaller, any bias introduced due to 
size differences would tend to favor control fish. This is because shorter 
(therefore younger) fish should have lower natural mortality and greater 
growth than longer fish, and because longer fish are probably affected by 
electrofishing more than shorter fish (Ellis 1975). Long term survival does 
not appear to differ between test and control groups, and the first hypothesis 
regarding long term survival was accepted. 

Growth after 1 year also did not differ between test and control fish in the 
areas where sample sizes permitted testing (Figure 13). Therefore, the second 
hypothesis regarding long term growth was accepted. Previous studies of the 
effects of exposure to electroshock on growth of fish have produced varying 
results. Several studies (Maxfield et al. 1971, Ellis 1974, Kynard and 
Lonsdale 1975) found no effect on growth from a single exposure to 
electroshocking. Gatz et al. (1986) reported that rainbow trout exposed to 
repeated electroshocking had significantly lower growth rates. This suggest6 
that the exposure to electroshocking that fish receive during normal mark- 
recapture experiments conducted by the ADFG probably does not adversely affect 
fish growth. 

CHAPTER 3 - WHITEFISH 

Introduction 

The fastest growing sport fishery in interior Alaska is a spear fishery for 
whitefish, primarily humpback whitefish and least cisco. This fishery takes 
place during the whitefish spawning run on the Chatanika River during 
September and October. In 1986, ADFG initiated a population monitoring 
program that involved mark-recapture experiments for each of these species. 
Through this program, whitefish were captured using electrofishing gear. 
Separate experiments to evaluate the effects of electrofishing (injury, 
immediate mortality, and short term mortality) were conducted on humpback 
whitefish and least cisco. These experiments were conducted in conjunction 
with the grayling experiment on the Ghatanika River. 

Methods 

Experiments were conducted to estimate short term mortality and injury rates. 
Four hypotheses were tested for each species (Table 1): 

1. immediate mortality rate of fish caught with electrofishing gear 
equals immediate mortality rate of fish caught with control gear 
(beach seine); 

2. short term mortality rate (O-7 days) is equal between fish caught 
using electrofishing gear and those caught using beach seine gear; 
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3. electrofishing-caused injury (defined as spinal injury with spinal 
hemorrhage at the same location on the spine) rate is equal between 
fish caught with electrofishing gear and those caught using a beach 
seine; and, 

4. cumulative effect (defined as mortality plus electrofishing caused 
injury to survivors) is equal between fish caught using electro- 
fishing gear and those caught using beach seine gear. 

Humpback Whitefish: 

From 15 to 17 August, 108 humpback whitefish were captured with beach seines, 
comprising the control group (Table 9). From 17 to 19 August, 278 fish were 
captured with electrofishing gear, comprising the test group. On the first 
day of electrofishing (17 August), sampling was performed only after all beach 
seining was completed. Water conditions and WP setting were the same as 
those listed in the chapter on grayling (Table 4). All humpback whitefish 
captured during sampling on a given day were placed in a holding pen located 
in the Chatanika River (grayling and least cisco were placed in the same pen). 
A sample of 60 each of test and control fish was selected to be X-rayed and 
autopsied. Overall length distributions of control and test fish were signif- 
icantly different (x2 - 8.25, df - 2, p < 0.03), with larger fish being more 
common in the electrofishing sample. Therefore, equal numbers of test and 
control fish to be autopsied and X-rayed were randomly sampled within 50 mm 
length classes (Figure 14). X-rays were taken and autopsies conducted on a 
daily basis starting on 22 August 1988 (7 days after the first samples were 
taken) and ending on 31 August 1988. 

Least Cisco: 

From 15 to 17 August 1988, 48 least cisco were captured with beach seines, 
comprising the control group. From 17 to 19 August 1988, 118 fish were 
captured with electrofishing gear (Table 9), comprising the test group. 
Electrofishing on 17 August was conducted only after all beach seining was 
completed. All least cisco captured during sampling on a given day were 
placed in a nylon holding pen located in the Chatanika River. No difference 
in the length distribution of control and test fish was noted (x2 - 3.45, 
df - 3, p > 0.25; Figure 15). All 48 control fish and a random sample of 83 
test fish were X-rayed and autopsied. X-rays were taken and autopsies 
conducted on a daily basis starting on 22 August (7 days after the first 
samples were taken) and ending on 31 August. 

Results 

Immediate and short term mortality, injury, and cumulative effects in test and 
control fish were examined. 

Mortality: 

All 108 control group and 278 test humpback whitefish were captured alive. 
Therefore, there was no difference in immediate mortality between the two 
groups (Table 10). Seven days after capture, 13 control and 15 test fish had 
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died. The rate of short term mortality of control fish (12.0%) was signifi- 
cantly higher than that of test fish (5.4%; Table 10). 

Daily mortality between test and control humpback whitefish was quite differ- 
ent (Figure 16). All 13 mortalities from the control group died during the 
last 3 days of the holding experiment. On the other hand, only four of the 15 
mortalities of test fish occurred on the last 3 days, while nine fish died on 
the first day of the holding experiment. If mortality is associated with 
sampling injuries (rather than stress associated with crowding in the holding 
pens) a decline in numbers of fish dying over the course of the holding 
experiment (such as occurred with the test fish) would be expected. By 
redefining the length of the holding experiment to only 3 days, the rates of 
mortality are 4.0% for test and 0% for control fish. These rates of mortality 
are no longer significantly different (x2 - 3.09, df - 1, P - 0.08). 

Further evidence that mortality of controls was due to holding stress is 
provided by comparing rates of fungal infection. Ten of the 60 humpback 
whitefish from the control group (16.7%) developed fungal infections; only one 
fish (1.6%) from the test group developed a similar infection. The rate of 
fungal infection was significantly higher for fish from the control group 
(x2 - 6.41, df - 1, P - 0.01). 

Four of 48 least cisco from the control group (8.3%) and 12 of 118 from the 
test group (10.2%) died immediately during sampling (Table 11). These rates 
of capture mortality were not significantly different (x2 - 0.01, df - 1, 
P - 0.93). Seven days after capture, 20 least cisco from the control group 
and 18 least cisco from the test group had died. The rate of short term 
mortality of controls (41.7%) was significantly higher than that of the test 
fish (15.3%; Table 11). 

As with humpback whitefish, the patterns of mortality for least cisco during 
the holding experiment differed between test and control groups. All but five 
test fish died during sampling or on the first day after sampling (Figure 17). 
For controls, the number of fish dying increased throughout the holding 
experiment. This indicates that stress associated with holding caused 
increased mortality among the controls. This is further supported by the much 
higher rate of fungal infection suffered by control fish (22.9%) versus test 
fish (0%). Controls also had a higher rate of external hemorrhaging (41.7%) 
than test fish (29.9%), although the rates of external hemorrhaging suffered 
by the two groups were not significantly different (x2 - 1.71, df - 1, 
P - 0.19). If mortality is associated with major injuries (rather than stress 
associated with crowding) a decline in numbers of fish dying over the course 
of the holding experiment would be expected. By redefining the length of the 
holding experiment to only 3 days, the rates of total mortality (immediate and 
short term) for controls (12.5%) and for test fish (11.1%) are no longer 
significantly different (Table 11). 

Injury and Cumulative Effect: 

Five of 60 humpback whitefish from the control group (8.3%) had some type of 
spinal abnormality apparent on X-rays; only two of 60 fish from the test group 
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(3.3%) had spinal injuries (Table 10). These rates of injury were not 
significantly different (x2 - 0.61, df - 1, P - 0.44). Rates of hemorrhages 
associated with the spine were also not significantly different between 
humpback whitefish from control (5.0%) and test groups (6.7%; Table 10). None 
of the fish with spinal injuries had associated hemorrhages (Appendix A4). 
This indicates that all spinal injuries were the result of natural deformities 
or past injuries that had healed, and that the rate of electrofishing-caused 
injury was zero for both test and control gears. Five of the randomly sampled 
control humpback whitefish (8.3%) and four of the randomly sampled test fish 
(7.7%) suffered some cumulative effect of sampling; these rates of cumulative 
effect were not significantly different (Table 10). 

Only one of 48 least cisco in the control group (2.1%) had some type of spinal 
abnormality; four of 83 least cisco from the test group (4.8%) had spinal 
injuries (Table 11). These rates of injury were not significantly different 
<x2 - 0.10, df - 1, P - 0.75). Hemorrhages associated with the spine occurred 
in nine control (18.8%) and nine test least cisco (10.8%; Table 11). Only one 
fish with a spinal injury also had a hemorrhage (test group fish tag number 
92484)) but the two injuries were located in different areas of the spine 
(Appendix AS). This indicates that all spinal injuries apparent on X-rays in 
both control and test group least cisco were the result of natural deformities 
or past injuries that had healed, and that the rate of electrofishing-caused 
injury was zero for both test and control fish. Twenty of 48 (41.7%) control 
least cisco suffered some cumulative effect of sampling, and only 13 of 83 
(15.7%) test least cisco suffered some cumulative effect. The rate of cumula- 
tive effect of sampling was significantly higher for control fish than for 
test fish (Table 11). 

Discussion 

Total mortality was higher in control fish than for test fish. No difference 
in spinal injury was noted among test and control fish. 

Mortality: 

Total mortality (immediate and short term) was higher for both species of 
whitefish caught with the control gear than for fish caught with electro- 
fishing gear (Figure 18). The higher mortality for control group fish was 
probably related to a combination of injury suffered during seining and stress 
associated with crowding in holding pens. The increased incidence of fungal 
infections and external hemorrhaging among the controls was apparently caused 
by abrasions suffered during capture in a beach seine. These injuries were 
undoubtedly exacerbated by the crowded conditions in the holding pen. If the 
effect of holding was controlled for (by comparing only mortalities that 
occurred during the first 3 days of the holding experiment) the resultant 
mortality rates were not significantly different between fish caught with 
control and electrofishing gear. The first and second hypotheses regarding 
mortality rates between gear types were therefore accepted. 

Although rates of immediate and short term mortality were not significantly 
different between gear types when only mortalities that occurred during the 
first 3 days of holding were compared, the rates of total mortality for least 

-5o- 





cisco for the entire holding period were somewhat high (15.3% for 
electrofishing, 41.7% for seining, Figure 18). The mortalities for control 
least cisco were probably mostly due to post capture stress, since only 8.3% 
died immediately after capture. Barrett and Grossman (1988) indicated that 
post-capture handling stress was a greater determinant of mortality than 
electrofishing for mottled sculpin Cottus bafrdi. The rate of immediate 
mortality for least cisco captured by electrofishing was 10.2%, which suggests 
that most of the mortality suffered by least cisco captured by electrofishing 
was capture-related, rather than a result of post-capture handling. While 
this immediate mortality rate was higher than that seen for humpback 
whitefish, the total mortality rate was lower for fish captured by 
electroshocking than for fish captured by seine, for both species. 

Injury and Cumulative Effect: 

Observed rates of spinal injury or spinal hemorrhage for humpback whitefish 
and least cisco were not significantly different between control and test fish 
(Figure 18). In no case was there a test or control fish with a combination 
of a spinal abnormality and hemorrhage located in the same area of the spine. 
Thus ( no injuries were attributable to electrofishing, and the hypothesis 
regarding electrofishing-caused injury was accepted. The rates of spinal 
injury were low when compared with those for grayling (from this study, 
Chapter 2), and with the rate reported for rainbow trout by Sharber and 
Carothers (1988). Whitefish have a substantially different cross-sectional 
shape than Arctic grayling or rainbow trout, and this could be one reason that 
injury rates for whitefish were lower than for grayling. 

The rate of cumulative effect did not differ significantly for test and 
control groups of humpback whitefish, but was significantly higher for least 
cisco captured with control gear (Figure 18). Rate& of cumulative effect were 
not significantly different between test and control fish of either species if 
only fish that died within 3 days holding time are considered. Since mortal- 
ity was the only component of cumulative effect for both species of whitefish, 
and since most of the mortality to least cisco was probably related to post- 
capture stress, the hypothesis regarding cumulative effect was accepted. 
Since rates of mortality, electrofishing-caused injury, and cumulative effect 
were not significantly different between gear types, we conclude that 
electrofishing is preferable over seining for sampling humpback whitefish and 
least cisco. 

CHAPTER 4 - NORTHERN PIKE 

Introduction 

Northern pike are the second most sought after native sport fish species in 
interior Alaska. Concern about overharvest of the state's largest northern 
pike fishery (Mint0 Flats) prompted ADFG to begin a stock monitoring program 
there in 1986. Electrofishing was one of the sampling gears employed. This 
study was designed to evaluate the rates of electrofishing-induced injury and 
possible effects of electrofishing on long term mortality and growth of 
northern pike. 
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Methods 

Two separate experiments were designed to evaluate the effects of electro- 
fishing on northern pike. Both experiments were conducted in Minto Flats, 
which is composed of a myriad of lakes, sloughs and rivers, located about 
50 km southwest of Fairbanks (Figure 19). Hypotheses tested by each experi- 
ment and methods (where they differ from those listed in the general methods 
section) follow. 

Experiments were conducted to estimate: (1) injury rates; and (2) short term 
mortality, long term survival, and growth. In each experiment, these parame- 
ters were estimated for fish caught with electrofishing gear and tested 
against a control group. 

Experiment 1 (Injury Rates): 

One hypothesis was tested (Table 1): electrofishing-caused injury rate is 
equal between northern pike caught with electrofishing and control gears. 

The test of this hypothesis was conducted as follows. Northern pike caught 
with control gears (February 1988-May 1989) were frozen for X-ray and autopsy 
analysis. Thirty control fish were caught during each of three separate sam- 
pling periods: 6 February through 16 March (all fish were caught on hook and 
line); 13 May (15 fish each were caught in fyke and gill nets); and 3 June 
through 15 June (all caught in gill nets; Table 12). Thirty-two test fish 
were caught using electrofishing gear (Boat B) on 20 September 1988. Water 
conductivity in Goldstream Creek (where all electrofishing samples were 
obtained) was 210 pmho/cm. WP settings were: voltage 150 to 180; 60 hertz; 
and 50% pulse width. Output current ranged between 3.5 and 4.0 amperes. All 
test and control fish were killed immediately and frozen. Only fish longer 
than 400 mm were sampled, since previous data indicate that the average length 
at maturity for northern pike in Alaska is at least 400 mm. Overall length 
distributions of control and test fish were significantly different 
(x - 12.60, DF - 3, p < O.Ol), with larger fish being more common in the 
control sample (Figure 20). X-rays (lateral view only) were taken of a random 
sample of 69 of the control and all 32 test fish. Fish were frozen when 
X-rayed. Autopsies were performed the following day, after samples had thawed. 

Experiment 2 (Immediate Mortality, Long Term Survival, and Growth Rates): 

Three hypotheses were tested (Table 1): 

2. immediate mortality rate of northern pike caught with electrofishing 
gear equals immediate mortality rate of northern pike caught with 
control gears (gill nets, trap nets, and hook and line); 

3. the rate of tag recoveries after 1 year for northern pike captured 
with electrofishing gear equals that of fish caught using control 
gear; and, 

4. average growth of northern pike captured with electrofishing gear 
equals that of northern pike caught with control gears. 
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It was not possible to estimate the cumulative short term effect of sampling 
(total mortality plus injury) because: (1) short term mortality was not 
estimated, and (2) the mortality and injury rate experiments were conducted at 
different times on different fish. 

The test of hypotheses (2), (3), and (4) was conducted as follows. During 
1 August through 13 October 1987, 368 fish were caught using three control 
gears; gill nets, trap nets, and hook and line gear (Table 12). In addition, 
527 fish were caught using electrofishing gear (Boat B). The length distribu- 
tion of control fish was not significantly different from that of test fish 
(x2 - 5.03, df - 3, p - 0.17; Figure 21). Fish that were killed by the 
sampling gear were noted and others were tagged and released. The rate of 
immediate mortality between fish caught using control and test gears was 
compared using chi-square contingency table analysis. During May through 
October 1988, 59 of the fish tagged and released in 1987 were recaptured. 
Relative growth and survival between control and test fish tagged and released 
in 1987 were evaluated. 

Results 

Injury rates, immediate mortality, long term survival, and growth rates were 
examtned for test and control fish. 

Experiment 1 (Injury Rates): 

X-rays revealed that only one of 69 fish from the control group (1.4%) had 
some type of spinal abnormality; five of 32 fish from the test group (15.6%) 
had spinal injuries (Table 13). The rate of injury of fish caught using 
electrofishing gear was significantly higher than that suffered by fish caught 
using control gears (x2 - 5.53, DF - 1, p - 0.02). Hemorrhages associated 
with the spine occurred significantly more frequently in the test group 
(18.8%) than in the control group (2.9%) (x2 - 5.52, DF - 1, p - 0.02). 
Injuries were more severe among test fish. Two of the injuries to test fish 
were dislocations involving three vertebrae and three were compression 
fractures involving two to four vertebrae (Table 13). Autopsies revealed that 
none of the control fish had electrofishing-caused injuries and four (12.5%) 
of the test fish had electrofishing-caused injuries. The rate of 
electrofishing-caused injury was significantly higher for test fish than for 
control group fish (x2 - 5.99, DF - 1, p - 0.01). 

The four test fish that received spinal injuries ranged from 540 to 720 mm. 
They averaged 625.0 mm (SE - 38.8), while the 28 test fish that were not 
injured averaged 536.3 mm (SE - 21.4). Even though these values are not 
significantly different (t - 1.62, P < O.lO), it is an indication that larger 
northern pike are more susceptible to injury by electrofishing. Thus, the 
higher rate of injury of fish from the test group as compared to controls 
should be evaluated in light of the larger average size of the control fish 
(632.8; SE - 13.0). 
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Experiment 2 (Immediate Mortality, Long Term Survival, and Growth Rates): 

Immediate mortality of fish caught using control gears was significantly 
higher than mortality of fish caught by electrofishing (Table 14). Of 368 
fish caught with control gear, 17 were killed (4.6%). Twelve of these (71%) 
were fish that were gilled in the mesh of the trap nets. Only one of 527 test 
fish was killed immediately. No holding experiment was performed, so delayed 
mortality was not evaluated. 

The rate of recapture of fish originally caught using control gears (9.4%) was 
significantly higher than that of fish originally caught using test gear 
(4.9%; Table 14). length distributions of the recaptured fish were not 
significantly different (x2 - 6.04, DF - 3, p - 0.11). The average monthly 
growth of fish caught using electrofishing gear was 3.30 mm (SE - 1.08 mm); 
the average monthly growth of control fish was 2.72 mm (SE - 0.53 mm). These 
growth rates are not significantly different (t - 1.08, p > 0.25). 

Discussion 

Results of the experiments on northern pike indicate that severe injuries may 
be caused by electrofishing and that electrofishing may have adverse long term 
effects on northern pike. The rate of electrofishing-caused injury for test 
fish was significantly higher than that of controls (Figure 22). The first 
hypothesis regarding injury rates was therefore rejected. The magnitude of 
these injuries was relatively severe (similar to that observed for large 
rainbow trout). As with other species (Ellis 1975), larger fish tended to 
suffer more severe injuries. Since the average size of the control fish was 
significantly larger than that of the test group, our estimate of injury rates 
due to electrofishing is probably conservative. 

Immediate survival of northern pike was higher with test than control gears 
(Figure 22). This resulted mainly because numerous small northern pike were 
killed when they became gilled in the leads of hoop traps. If these mortali- 
ties are excluded from the analysis, the rate of immediate mortality between 
test and control fish is no longer significant. The second hypothesis regard- 
ing immediate mortality was therefore accepted. 

The estimate of long term survival of test fish was significantly lower than 
that of controls (Figure 22). The third hypothesis regarding long term 
survival was therefore rejected. There was no significant difference in 
growth of northern pike captured with test or control gears, and the fourth 
hypothesis regarding growth was therefore accepted. These results indicate 
that electrofishing may cause severe injury to northern pike and may adversely 
affect the survival of northern pike. Thus, it is recommended that 
electrofishing be avoided as a sampling tool for northern pike until such time 
as the methodology is sufficiently advanced to assure minimum injury rates and 
maximum survival. 
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CHAPTER 5 - THRESHOLD POWER 

Jntroductioq 

As part of the electrofishing evaluation for rainbow trout in the Kenai River, 
we evaluated the threshold power needed to stun rainbow trout for capture. We 
felt that rigorous estimation of threshold power was important in that sampled 
fish could sustain unnecessary mortality or injury as a result of excessive 
power usage. 

Methods 

Our experimentation to define threshold power was limited only to the 
electronic and logistic hardware that we had on hand. We made no attempt to 
reduce threshold power by substantially changing our existing equipment. Boat 
design is described in the general methods section. Duty cycle and pulse rate 
were kept at 70% and 100 pulses/second throughout the experiment. 

Two experiments were conducted. Since our existing electrofishing equipment 
employed cables as the anodes, we first investigated the field properties of 
two different sets of anodes: 9.5 mm (3/8 inch) and 19.1 mm (3/4 inch) 
cables. The WP was set at 400 volts and the voltage gradient was measured 
along several axes from one of the anodes. Voltage gradients were measured 
with a probe attached to an oscilloscope. The plateaus of the pulsed direct 
current were then read from the oscilloscope. 

In the second experiment, we estimated threshold power to stun rainbow trout 
for capture under controlled conditions. Fish were captured in the wild by 
electroshocking, and then placed in a 1 x 1 x 2 m net pen in slow water. The 
electroshocking boat was then anchored at one end of the pen with the anodes 
just outside of the pen. One fish at a time was placed at the opposite end of 
the pen so that they were approximately 2 m away from the anodes. The fish 
were positioned so that they were facing either away from or toward the anodes 
and subjected to a 3-second shock at each of one to four voltage settings. 
Output voltage was systematically increased until the fish was stunned. A 
period of at least several minutes elapsed between electric shocks. Voltage 
was measured at the WP box and ranged from 100 to 400 volts in SO-volt 
increments. The reaction of the fish to each of these tests was subjectively 
classified as one of the following: no reaction (NONE, fish exhibited no 
visible reaction to the test); mild reaction (TWITCH, fish visibly responded 
to the test); attempt to escape the field (ESCAPE, fish attempted to swim away 
from the anodes); or narcosis (STUN, fish was rendered unconscious and lost 
equilibrium). 

In addition to measuring voltage at the WP and voltage gradients with the 
probe and oscilloscope, we also estimated power densities (pwatts/cm') as 
follows (Kolz and Reynolds 1989): 

P - E2c (1) 
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where: 

P power densities; 

E voltage gradient (v/cm), and 

C - water conductivity (@/cm) 

Results 

The electrofishing field was mapped and threshold power required to stun 
rainbow trout was noted. 

Electrofishing Field: 

Water temperature and conductivity at the time of the experiment were 6.6'C 
and 67 pmho/cm, respectively. 

The voltage gradient was uniform in all directions from the anodes. There- 
fore, we mapped the voltage gradient curve in only one direction: from the 
center anode back 4 m toward the bow of the boat. Voltage gradients for both 
the 9.5 mm and 19.1 mm cables were fairly uniform from 0.4 m to 2.0 m from the 
anodes (Table 15 and Figure 23). Voltage gradients were highest within 0.2 m 
and extreme voltage gradients existed within the first few centimeters around 
the anodes. Voltage gradients quickly dissipated at distances greater than 
0.2 m. 

Differences in voltage gradients between the different diameter cables 
occurred only in the area immediately adjacent to the electrodes: average 
18.4 volts/cm and 12.1 volts/cm for the 9.5 mm and 19.1 mm cables, respec- 
tively. At 0.4 m distance and beyond there was little difference in voltage 
gradient between the two electrode diameters. 

Threshold Power: 

Water temperature and conductivity at the time of the experiment were 7.5'C 
and 80 pmho/cm, respectively. 

Two meters from the anode, rainbow trout were usually stunned at 200 volts 
(0.35 volts/cm voltage gradient or 10 pwatts/cm3 power density) and all fish 
were stunned at 300 volts (0.53 volts/cm voltage gradient or 22 pwatts/cm3 
power density; Table 16). 

Discussion 

To reduce the area of extreme voltage gradient immediately adjacent to the 
electrodes, we fabricated electrode shields made from 100 mm (4 inch) diameter 
PVC pipe (Figure 24). We field tested these shields for practical use in the 
strong currents of the Kenai River and found them acceptable in terms of being 
able to still handle the boat and effectively fishing the electrodes. 

-64- 











The only difference in the configuration of the electrical field between the 
9.5 mm and 19.1 mm cables was the severity of the voltage gradient immediately 
adjacent to the anode. Since this area was not available to the fish with the 
use of the shields, we chose the 9.5 mm cables due to their ease of use. We 
also measured the field produced by the three anode cables as opposed to five 
anode cables and concluded that the five cables were necessary to produce a 
field of sufficient size to efficiently capture fish. 

Most rainbow trout were put into a state of narcosis (stunned) at voltages 
greater than 200 volts (10 pwatts/cm3); and all rainbow trout were stunned at 
300 volts (22 pwatts/cm3). Therefore, we chose 250 volts (15 pwatts/cm') as 
the optimum setting for capturing rainbow trout in these water conditions with 
this equipment. This produced a current of 1 to 1.5 amperes as measured at 
the WP. 

This configuration was used to conduct the experiments described in Chapter 1 
of this report and clearly resulted in a high rate of Internal injury for 
rainbow trout. Although the shields effectively prevented fish from being 
subjected to the highest voltage gradients and power densities, they still 
experienced levels that were excessive for that species. The field mapping 
shows that power densities at 1.0 m from the electrode were approximately 4.5 
times the level required to stun these fish. 

The power densities at which rainbow trout were stunned (8 to 22 pwatts/cm3) 
are low in comparison to other species. For example, experimental results for 
goldfish Carassius auratus show that they are stunned at approximately 
125 pwatts/cm3 (Kolz and Reynolds 1989) which is almost an order of magnitude 
greater than for rainbow trout. Some experimentation was also accomplished 
for Dolly Varden Salvelinus malma in conjunction with the experimentation for 
rainbow trout. Dolly Varden required approximately 20 pwatts/cm3 before 
succumbing - approximately two times that for rainbow trout. These compar- 
isons, in addition to the direct estimates of short term mortality and 
internal injury discussed elsewhere in this report, illustrate the high 
susceptibility of large rainbow trout to electrical energy. 

CHAPTER 6 - CONCLUSIONS 

While these experiments were conducted to estimate the impact of electro- 
fishing as a capture gear, it was clear in several experiments that the 
control gears (here seines and hoop traps) had a greater detrimental impact as 
measured by mortality rates on some species of fish than did the electro- 
fishing gear in question. Other methods of capture for non-destructive 
sampling of fish, notably hook and line, have been shown to have detrimental 
impact in some instances (Mongillo 1984). We think it important to note that 
any method of capture probably has some negative effect on fish and successful 
non-destructive sampling involves, in part, usage of gears which are least 
detrimental. 
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In order to make comparisons between different species and study sites, 
capture methods, sampling protocols, and sample tests must be as uniform as 
possible. Because the sampling for some of the different experiments that 
comprised this study were undertaken in conjunction with other studies, 
sampling protocols differed somewhat between species and study sites. This 

resulted in different hypotheses being tested for different populations or 
species. Despite these inconsistencies, this study is one of very few in 
which test and control fish were captured under true field conditions, and 
systematically examined for effects of sampling-caused injury. 

The other problem encountered in attempting to compare results among different 
studies relates to the definitions of injuries. Most other studies of injury 
to fish from electroshocking used X-rays and autopsy to examine fish for 
injury, but some studies only examined fish using X-rays. Results from this 
study show that injuries apparent from X-rays are often not accompanied by 
hemorrhage, and are therefore probably either natural deformities or old 
injuries that have healed. In this study, electrofishing-caused injury was 
defined as spinal injury (apparent from X-ray) combined with spinal hemorrhage 
(apparent from autopsy) at the same location on the spine. This definition 
was similar to that of Sharber and Carothers (1988). Because of the problems 
of objectively assessing the degree of injury, we feel that the best method of 
assessing the effects of electrofishing are at the population level, by 
testing for differential survival and growth over time of test and control 
groups of fish. 

Rainbow Trout 

Total short-term mortality to large electrofished rainbow trout was 13.9%, 
which is probably high enough by itself to raise serious questions about using 
electrofishing as a capture method for large rainbow trout. Major spinal 
injuries were found in 40.9% of the survivors, which is an injury rate similar 
to that reported by Sharber and Carothers (1988). The combined rate of 
mortality and major injury of 53.1% found in this study is sufficient evidence 
to conclude that electrofishing should not be used for non-destructive 
sampling of large rainbow trout. Despite the high rate of mortality and 
in.j -7, survival to the creel 1 and 2 years later, as measured from voluntary 
angler returns, was not significantly different from that for fish caught by 
hook and line. Additional study should be conducted to determine if electri- 
cal parameters can be adjusted to reduce rates of mortality and injury while 
still providing for an efficient means of capture. 

Arctic Gravlinz 

Results from the studies on grayling were somewhat mixed, but total mortality 
for test fish was below 3.5% for all study areas, and was not significantly 
different from total mortality for control fish in any study area. The rates 
of electrofishing-caused injury in test fish were somewhat high for the 
Gulkana River (17%) and Delta River (18.3%), and were significantly higher for 
test fish compared to control fish in the Delta River. However, the majority 
of these injuries were minor. Rates of survival were not significantly 
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related to capture method in any study area, and average growth was not 
significantly related to capture method in the one area where average growth 
was measured. Because rates of mortality were low and not related to capture 
gear, and because most injuries from electrofishing were minor, and particu- 
larly because long-term survival was not related to capture gear, we believe 
that the sampling of grayling by electrofishing normally done by ADFG does not 
have a substantial detrimental effect on grayling populations. 

Whitefish 

Results from the study on whitefish indicate that whitefish are not seriously 
affected by electroshocking. Rates of total mortality were significantly 
higher for control fish if mortality was calculated for 7 days holding time, 
but were not related to capture gear when mortality was calculated for 3 days 
holding time. This shows that post capture handling was probably a greater 
determinant of mortality than capture method. This is further supported by 
the zero rate of electrofishing caused injury to either species. Cumulative 
effect of sampling was only related to capture gear for least cisco, and 
again, only if mortality was calculated for 7 days holding time. Because of 
these results, we feel that sampling whitefish using electrofishing is no more 
detrimental, or in fact less detrimental, than other gear types that ADFG has 
available. Further study is not recommended. 

Northern Pike 

The rate of immediate mortality for test northern pike was quite low (0.2%), 
and was significantly lower than for control fish. Test fish had a signifi- 
cantly higher rate of electrofishing-caused injury than control fish. 
Estimated survival of test fish was significantly lower than for control fish. 
Because the injuries seen in northern pike were relatively severe, and because 
the estimated survival of test fish was lower than for control fish, we 
recommend that electrofishing only be used as a capture method for northern 
pike when it is not possible to use other gear types. Also, we recommend that 
a study be initiated to assess electrical-induced stress and injury in 
northern pike, involving controlled experiments to isolate stress and injury 
thresholds. 

Threshold Power 

It may be possible to modify the present system used in these experiments to 
reduce the level of mortality and injury, particularly for large rainbow 
trout, and still maintain an efficient means of capture. An increase in the 
surface area of the anodes should reduce the extreme voltage gradients that 
exist around the cables currently in use. This might be accomplished through 
the use of a metallic sphere as the anode. It may also be possible to modify 
the form of electrical energy transmitted into the water. Any modification 
will also have to be tested for efficiency of capture. 
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