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Abstract:

Spinal injury rates as high as 67% have been reported in large (>300 mm long) rainbow trout
(Oncorhynchus mykiss) collected with pulsed direct current. This study was designed to evaluate how
incidence and severity of electrofishing-induced spinal injury in wild rainbow trout affects long term
growth and mortality. Three test groups of 241, 309, and 316 fish were collected from the Gallatin
River using three waveforms: smooth (SM), 60-Hz half pulse (HP), and 60-Hz full pulse direct current
(FP). Spinal injury rates were highest in fish collected with FP (54 %), followed by HP (40 %) and SM
(12 %), while class 3 spinal injury (fracture of one or more vertebrae) levels were similar in all three
test groups (6% SM, 6% HP, 10% FP). Fish from the three test groups were placed into a 0.61 hectare
pond for approximately 1 year where they were subsampled after 100 days and all remaining fish
removed after 1 year. Growth and mortality were compared by test group and by severity of
electrofishing-induced spinal injury. There was no significant difference in short-term (100 days) or
long-term (1 year) growth between the three test groups. However, spinally injured fish exhibited lower
growth, less weight gain, and lower condition factor increase than uninjured fish. Test group and
severity of spinal injury did not appear to influence overall survival at the termination of the study (54
% SM, 58 % HP and 60 % FP). Although specimens collected with FP and HP exhibited higher total
spinal injury rates than those collected with SM, the long-term impacts of this injury were not
manifested in decreased growth and survival.
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. ABSTRACT

Spinal injury rates as high as 67% have been reported in large (>300 mm long) rainbow
trout (Oncorhynchus mykiss) collected with pulsed direct current. This study was
designed to evaluate how incidence and severity of electrofishing-induced spinal injury in
wild rainbow trout affects long term growth and mortality. Three test groups of 241, 309,
and 316 fish were collected from the Gallatin River using three waveforms: smooth (SM),
60-Hz half pulse (HP), and 60-Hz full pulse direct current (FP). Spinal injury rates were
highest in fish collected with FP (54 %), followed by HP (40 %) and SM (12 %), while
class 3 spinal injury (fracture of one or more vertebrae) levels were similar in all three test
groups (6% SM, 6% HP, 10% FP). Fish from the three test groups were placed into a
0.61 hectare pond for approximately 1 year where they were subsampled after 100 days’
and all remaining fish removed after 1 year. Growth and mortality were compared by test
group and by severity of electrofishing-induced spinal injury. There was no significant
difference in short-term (100 days) or long-term (1 year) growth between the three test
groups. However, spinally injured fish exhibited lower growth, less weight gain, and
lower condition factor increase than uninjured fish. Test group and severity of spinal’
injury did not appear to influence overall survival at the termination of the study (54 % SM,
58 % HP and 60 % FP). Although specimens collected with FP and HP exhibited higher
total spinal injury rates than those collected with SM, the long-term impacts of this injury
were not manifested in decreased growth and survival.




INTRODUCTION

Electrofishing has been proven to be directly responsible for spinal and soft tissue
injuries in fish. Injuries are thought to occur when fish intercept the electric field which
elicits powerfu} contractions of the body musculature. These contractions are believed to
occur simultaneously on both sides of the body, thus generating opposing forces which can
compress, misalign or fracture vertebrae (Cowx and Lamarque 1990). Sharber and
Carothers (1988) determined that spinal injury was found in 44% to 67% of 1arée (>300
mm long) rainbow trout (Oncorhynchus mykiss) electrofished with pulsed direct current
(PDC). That study provided the impetus for further investigations dealing with the
magnitude and impacts of electrofishing-induced injury on growth and mortality in several
freshwater fishes. The Alaska Department of Fish and Game (ADFG) conducted a study

on the Kenai River which provided estimates of short-term mortality and injury for large

rainbow trout exposed to electrofishing with PDC (Holmes et al. 1990). Forty-one perceﬂt

spinal injury rate and 14% short-term (96 hours) mortality was. observed, thus prompting
ADFG to place a moratorium on electrofishing in all waters in Alaska containing trophy
rainbow trout (Reynolds undated). .A study by the Montana Department of Fish, Wildlife
and Parks (MDFWP) on the Missouri River in 1988 to assess. electrofishing-induced injury
revealed 50 - 70 % spinal injury rates in large rainbow trout (Fredenberg 1992). In his
follow-up study involving trout collected from across the state, Fredenberg (1992) found |

that among 693 electrofished trout, there were 769 hemorrhages and 2,647 injured

. vertebrae. Present information suggests that electrofishing injury of rainbow trout depends

on waveform and pulse shape, rate, duration, and intensity (Gatz et al. 1986).
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High injury rates of fish collected with several different PDC waveforms led the
MDFWP to issue electrofishing guidelines recommending the use of pulse frequencies of
20 pulses per second or less, short pulse duration (5 msec.), and the lowest possible
voltages to minimize injury (Fredenberg 1992). Several studies have observed increased
injury rates as a function of the pulse shape and frequency (Spencer 1967; Sharber and
Carothers 1988; Cowx and Lamarque 1990; Taube 1992). Fredenberg (1992) (;bserved
that increasing pulse frequencies increased incidence of spinal injury and hemorrhage. The
lowest iﬁjury rate was with smooth DC, followed by half pulse DC (intermediate injury),
and full pulse DC (highest overall rates). The use of direct current (as opposed to AC or
PDC) is recommended to reduce incidence of injury by Reynolds (undated). In his review
of electrofishing, Snyder (1993) also states that when direct current is used, it should be as
smooth as possible to minimize the risk of spinal injury.

The long-term effects of electrofishing injury on the growth and survival of wild
rainbow trout populations remain largely unknown (Reynolds undated). While several
studies have assessed the effects of electrofishing on growth and survival of hafchery
rainbow trout and other species (Spencer 1967; Hudy 1985; Gatz et al. 1986; Gatz and
" Adams 1987; Roach 1992; Taube 1992), investigations to date have not examined the fate
of injured wild fish over the long-term (1 year or greater). Furthermore, the potential

healing of electrofishing-induced spinal injuries has yet to be investigated.
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Based on the need for better information 6n the long-term effects of electrofishing-
induced injury on fishes, this study was designed to:
(1) determine the short-term and long-term growth and survival of wild rainbow trout
electroshocked with three diffefent DC waveforms;
(2) compare the relative growth and suryivgl rates of spinally injured and non-injured
electroshocked fish; and

. (3) evaluate healing of electrofishing-induced spinal injuries.

T il




STUDY AREA

The growth and survival portion of this study was conducted in an irrigation
storage pond located on the campus of Montana State University (MSU). This manmade
pond is 0.61 hectare with a maximum depth of 4.5 m, a mean depth of 3.5 m, a storage .
capacity of approximately 19,000,000 L and a regular bottom composed of mud and
gravel. The pond is fed by diverted Hyalite Creek water. No surface outflow exists as
watér is pumped for campus irrigation. The inlet was screened to prohibit any fish
movement out of the pond. Water levels fluctuated slightly during summer irrigation
months but remained constant throughout the rest of the year. The pond perimeter is
secured with a 3 m barbed wire and chain link fence to discourage access.

Prior to introduction of test fish into the pond, existing fish were removed with gill
nets. Sixteen brook trout (average length 40.1 cm, average weight of 1.1 kg) were
captured the first night, but none the following two nights. These fish were likely
transients from Hyalite Creek that were diverted with irrigation water and became trapped
in the pond when the ditches were shut down. Freshwater shrimp (Gammarus iacustris)
were abundant in the littoral areas of the pond. Plankton tows were run on August 10,
1992 yielding abundant Daphnia sp. and Diaptomus sp.. Dissolved oxygen and water
temperature measurements recorded during winter months ranged from 8-11.5 ppm and
1.2-5 OC -with no apparent stratification. Summer temperatures ranged from 10 to 26 9C

with the peak temperature recorded on August 1, 1992.
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METHODS
Fish Collection

I tested the hypothesis that there is no difference in growth and survival of fish
collected with three different DC waveforms by collecting 1,036 wild rainbow trout (153 -
388 mm fork length) via single pass, mobile electrofishing (Fredenberg 1992).
Conventional wattage settings on the shocker box were selected as these typica]iy produce
high fish collecting efﬁcienéy for rivers in the region (Wayne Black, MDFWP, pers.
. comm.) (Table 1). Fish were collected from a 14 km reach of the Gallatin River, Montana
on July 27 and 28, 1992. The sequence of waveforms was smooth (SM), half pulse (HP)
and full pulsev (FP) (Figure 1). Shocking with each waveform used continued downstream
until the target number of fish for each group (330) was captured. This reach of the
Gallatin was seleéted due to a high density of rainbow trout and it had not been
electrofished for several years, thus eliminating the possibility of collecting fish that may
have electrofishing-induced injury from previous electrofishing operations.

The type of equipment, electrode array design, electrofishing setting, water
temperatures, and conductivitieg associated with test fish collection are summarized in
Table 1. Peak voltages were measured at seven measured intervals (Figure 2) from the
anode using a set of metal contacts 1 cm apart mounted on a probe and connected to an
oscilloscope. These measurements were recorded in order to differentiate power gradients
(v/cm) of the three waveforms at specified distances from the anode where the majority of
fish netting within the electrical fields occurs. Documentation of electrical and physical
variables in this study was conducted to further standardize the reporting of these variables

in electrofishing experiments as recommended by Reynolds (undated).
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Follovﬁng collection, fish were transported by hatchery truck to raceways at the
U.S. Fish and Wildlife Service Fish Techhology Cénter in Bozeman, Montana. Transport

water was tempered for approximately 30 minutes prior to fish being released into outdoor

raceways where test groﬁps were held separately.

Table 1. Physical parameters and equipment specifications associated with the collection of
wild rainbow trout from the Gallatin River on July 27 - 28, 1992.

Water Temperature (°C)

13 -16

Conductivity (umhos/cm)

1260

Water Clarity

Approximately 1 m visibility

Boat

3.6m Fiberglass Drift

Generator

3,000 Watt Gillette - -

Anode Configuration

25.4 cm Aluminum Triangle (2.54 c¢m)

Cathéde - Configuration

Shockér Box Type

1.2 m? Stainless Steel Plate

Leach Box, 220 Volt

Shocker Setting

1,000-1,500 Watt Output
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Table 2. Number of wild rainbow trout collected with the three waveforms from the
Gallatin River and dates of release into the MSU pond. .

DATE SM HP FP

# COLLECTED 7127192 325 ) 294 , —_
# COLLECTED 7/28/92 —_— 34 | 379
# RELEASED 7/29/92 158 284 —_
# RELEASED 7/30/92 - 83 s 316
TOTAL IN POND 7130092 241 309 ' 316

" Survival and Growth

The pond was monitored for mortalities twice daily (0900 and 1800) by walking the
pond perimeter. All mortalities collected were frozen for later analysis. After the number
of mortalities had declined to near zero (Nov,. 1992), the pond was monitored fhree to five
times per week.

" To document short-term growth rates, a sample of 13-14% of each test group was
removed from the pond approximately 100 d post-release (7 Nov 1992) using box traps
and short-term gill net sets:. All fish collected were sacrificed with an overdose of MS-222
followed by the collection of weight and length data, tést groilp identification, and x-rayiné
of those fish containing a VI tag. Several of the more severely iﬁj ured fish were necropsied
to determine the extent of healing. |

The growth and survival study was terminated on July 1, 1993 by introducing
rotenone (5% formulation) at a concentratic;n of 1mg/L into the pond. Due to thé lack of
aquatic vegetation, water visibilities of approximately 1.5_ m, and favorable water quality

criteria, it was determined that rotenone treafment would be the most efficient means of total

T Py T T N T T
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fish removal. Fish were collected from the pond for seven days post-rotenone treatment
after which they were weighed, measured, and x-rayed if the VI tag was still present.

Trout age classes were assigned using age data from 425 scale samples collected
from wild rainbow trout from the lower Gallatin River in September 1984 and 1989 by
MDFWP (Mark Lere, MDFWP, pers. comm.). These two age class estimates were
averaged to estimate the age of rainbow trout used in this experiment. Six age classes of
fish were collected with age class I individuals averaging 14.5 cm, age class IT at 18.9 cm,
age class III at 24 cm, age class IV at 28.7 cm, age class V at 32.8 cm and age class VI at
35.7 cm.

Growth of ra.inbéw trout in the pond was éompared with that of rainbow &out in
more natural conditions of the Gallatin River. Growth data from the Gallatin River were
obtained from a 1983 - 84 population survey conducted by the MDFWP. This estimate
was collected on the 3.5 km Jack Smitﬁ Bridge section of the Gallatin River (Mark Lere,
MDFWP, pers. comm.).

Incidence and Healing of Spinal Injury

Spinal injury to fish after electrofishing was quantified with x-rays. Severity of
spinal injury was rated by the standardized evaluation ranking criteria that was proposed by
Reynolds (undated) (Table 3).

X—rays. were develop'ed, shuffled and randomly selected to eliminate any bias in
rating the spinal injuries due to prior knowledge of thé general injury rates of a particular
waveform. Naturally occurring spinal abnormalities, identified by calcification and fusing
of vertebrae (Sharber and Carothers 1988; Fredenberg 1992), were ﬁot ranked or included
in the analysis. For each fish, the maximum spinal injﬁry rating of any single vertebrae

was designated the maximum injury rating. Evaluation of electrofishing-induced
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hemorrhage was conducted on a small group of FP and HP fish as per the protocol
established by Fredenberg (1992). These fish were sacrificed with an overdose of MS-222
and frozen until necropsies were condﬁcted.

Incidence of spinal injury was the percentage of fish collected with each waveform
that exhibited any level of séinal injury. Sevefity of injury was calculated as a percentage
of each of four injury classes.

Healing of spinal injuries was evaluated at the end of the study‘for 38 ﬁsﬁ
exhibiting spinal injuries. These fish were randomly chosen and x-rayed and rated using
the same criteria that was used at the start of the study. X-rays were first rated without
knowledge of initial injuries; then degree of healing was determined by comparing

individual vertebrae between the two x—réys.

Table 3. Spinal and soft tissue injury evaluation ranking criteria used to evaluate spinal
damage as determined from x-rays and necropsies (after Reynolds undated).

X-RAY CRITERIA

0 No spinal damage apparent.

1 Compression (distortion) of vertebrae only.

2 Misalignment of vertebrae, including compression.

3 Fracture of one or more vertebrae or complete separation of two or more vertebrae.
HEMORRHAGE NECROPSY CRITERIA

0 No hemorrhage apparent.

1 Mild hemorrhage; one or more wounds in the muscle, separaté from the spine.

2 Moderate hemorrhage; one or more small (< width of two vertebrae) spinal wounds.

3 Severe hemorrhage; one or more large (> width of two vertebrae) spinal wounds.
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Data Analysis

The incidence and severity of spinal injury was compared by test group (waveform
treatment) and by age class using the log-likelihood ratio (G-statistic; Zar 1984). Growth
and survival of wild rainbow trout was compared By test group-and by severity of spinal
injury. Growth was analyzed as the change in length, weight and coﬁdition
(K=W/L3*105) over short-term (100 d) and long-term (1 yr) intervals. Only data from fish
that retained the VI tag were used in the analysié; poor retention of VI t.ags (50 %) reduced :
sample sizes. Differences in growth and condition by test group and injury class were
analyzed by Kruskal-Wallis nonparametric analysis of variance and by a multiple
comparison test for unequal sample sizes (Zar 1984). Long-term survival was determined
as the original number released minus the number of fish in each test group remaining in
the pond at the end of the study. Fish collected as mortalities and the sample removed for
the short-term growth analysis were subtracted from the original number released.

All statistical testing was considered signiﬁcant at the P < 0.05 level. STATVIEW
SE + GRAPHICS® (1991) and STATGRAPHICS® (1989) statistical packages were used

to perform all statistical calculations.
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RESULTS

Injury Rates

Spinal injury rating was achieved through the systematic evaluation of x-rays,
based on established criteria (Table 3), for the 866 fish used in this study. The evaluation
process was very precise as the criteria were found to be unambiguous (S. Dalbey, pers.
obser.). Less than one percent of the 866 fish x-rayed were difficult to read due to.fish
being too small (small vertebrae) or due to obscured x-rays from fish movement during x-
ray photography.

Initial spinal injury rates differed significantly between the three test groups in both
incidence (G = 115.71, 2 d.f., P = 0.0001) and severity (G = 49.85, 6 d.f., P =0.0001).
The SM test group had the lowest incidence of injury (12%); of these, 2% were class "1"
spinal injury, 4% class "2", and 6% class "3". The HP test group had 40% injury rate,
with severity of 10% class "1", 24% claés "2", and 6% class "3". The FP group exhibited
the highest rate of spinal injury (54%); pf these 14% were class "1", 30% class "2" and
10% class "3" (Figure 4). There was no s'ignificant difference in the incidence of class "3"
injury among the three test groups, but there were significant differences in class "1" and
"2" among the three test groups (Figure 4; G = 45.06, 5 d.f., P =0.0001).

The overall incidence of spinal injury did not vary significantly between age classes
when fish from all test groups were combined (Figure 5; G = 8.389, 5 d.f., P = 0.1489).
Age class I fish exhibited the lowest injury rate (25%) while age III fish had the highest
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