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ABSTRACT

A nunmber of recent studies suggest that electrofishing injuries conmonly
occur with methods and equi pment used by biologists today. In this study, |
docunent the incidence of electrofishing injury in an |daho stream using typical
in-state sanpling nethods and provide short-term guidelines for nininizing
el ectrofishing injuries. | sanpled fish during a single day of electrofishing
on the Big Wod R ver in Southcentral |daho. The crew sanpled fish with straight
direct current (DC) at 275-375 volts while drawing about 5 amps with two positive
nmobil e probes. A subjective rating schene neasured both spinal injury and
i nternal henorrhaging from electrofishing. Only 4% of a 50 fish sanple had
detect abl e spinal damage; these were relatively mld vertebral conpressions.
Henorrhaging was detected in four fish or 8% of the sanple. This data is
consistent with the literature which suggests that electrofishing with straight
DC current will mnimze injury rates. If pulsed current is needed for adequate
gal vanot axi ¢ response, the frequency should be kept as low as possible to
mnimze injuries. This study and others do not address the possible effects of
el ectrofishing at the population |level. Research addressing the potential for
popul ati on inpacts is reconmended.

Aut hor :

Dan Schill
Princi pal Fisheries Research Biol ogi st
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INTRODUCTION

El ectrofishing, as we know it today, originated in eastern Gernmany in the
early 1930's (Hartley 1990). Haskell (1940) first enployed the technique in the
United States. Prototype electroshockers consisted of two electrodes wired to
an AC generator, sonetimes with a device permtting voltage variation. A post-
war boom in electronics aided the devel opnent of alternative, portable types of
current including DC and pulsed DC. Hectrofishing quickly becane a popul ar
sanpling technique for a variety of species in nunerous countries.

Early biologists recognized the potential for fish injuries to occur and
conducted a nunber of injury studies. An ldaho study exam ning effects of AC
el ectrofishing on large rainbow trout Oncorhynchus nykiss denonstrated that
fractured vertebrae and broken blood vessels are comon (Hauck 1947). A later
study, however, (Maxfield et al. 1971) reported no effects of Pulsed DC
el ectrofishing on survival, growth, and fecundity of hatchery rainbow trout or
their offspring. Based on results of these and other studies (e.g. Pratt 1954;
Elliot 1972), many biologists came to believe DC current does not injure
substantial nunbers of fish.

More recent studies suggest, however, that injuries do comonly occur wth
power |evels and equi pnent currently used. Injuries are usually classified as
ei ther spinal damage (cracked, broken, or conpressed vertebrae) or henorrhages
visible in the nmuscle wall in the vicinity of the spine. Sharber and Carothers
(1990) reported spinal injury rates of about 50% when pulsed DC was used to
collect large rainbow trout. Fredenberg (1992) denonstrated that 60-98% and 44-
62% of rainbow trout and brown trout, respectively, suffered spinal and/or
henorrhage injuries follow ng pul sed DC el ectrofishing in field situations.

Addi tional studies (Hollander and Carline 1992; Meyer and MIler 1991) agree with
these results. Pulsing direct current appears to increase injury rates markedly
(Lemar que 1990).

Wil e the above studies suggest pulsed DC injury rates are greater than
previously thought, little is known about the long-termeffects of these injuries
on fish survival. Nonetheless, a noratorium on sanpling in nearly all Al aska
streans containing rainbow trout has been in effect since 1990 (Holnmes et al.
1990). Wthout additional study, future restriction of electrofishing activities
seens possible because of negative public opinion (J. Reynolds, University of
Al aska, personal conmunication).

OBJECTI VES

1. Estimate injury rates from a typical electrofishing operation in a typica
| daho stream

2. Review existing electrofishing injury studies and provide guidelines for
el ectrofishing in Idaho waters.

TEXTJOB1 2



METHCDS

| assessed electrofishing injury in the Big Wod R ver from collections nade
for population estimation and genetics work during August 1991. | sanpled fish
during a single day of electrofishing conducted by Magic Vall ey Region personnel
for a regulation evaluation. Sanpling gear consisted of a Coffelt VVP15 powered
by a Honda 5000 watt generator, both nounted in a 14 ft canoe. The crew sanpl ed
fish with straight Direct Current (DC) at 275-375 volts while drawi ng about 5
anps with two positive nobile probes.

Magi ¢ Vall ey Region personnel used sanpling techniques typical for medium
sized streans in |Idaho. The crew waded downstream towi ng the canoe and using
both positive electrodes to cover the channel. Setters collected fish as soon
as possible, attenpting to mnimze their field exposure tinme and proximty to
el ectrodes. Using random nunmbers, | randomy selected 50 fish during neasuring
procedures but did not inform the netting crew of the chosen nunbers until
designated fish were in hand.

Sanples were imediately frozen on dry ice. One year later, fish were
defrosted and X-rayed at a | ocal nedical |aboratory using standard nedical film
Fil m was exposed for 1/30th of a second at 50 nmilli-anmps and 48-50 kvolts. X-
rays were examned with a magnifying lens to observe spinal damage. | counted
vertebrae fromthe anterior portion of the spinal colum to any injury sites and
recorded that nunber. A rating schene, developed by Fredenburg (1992) and
Reynol ds (unpublished 1990 nanuscript), was used to characterize the degree of
spinal injury. The scale is as follows:

- no spinal damage apparent

- conpression of vertebrae only

m sal i gnnent of vertebrae, which may include conpression

- fracture of one or nore vertebrae or conpl ete separation of two or nore
vert ebr ae.

WN —,O
1

Autopsies were subsequently conducted to determine the extent of
hemorrhaging. | filleted both sides with an electric knife, cutting as close to
the spine as possible. | visually exanined both fillets for signs of henorrhage
and re-examned x-rays at that time. The degree of tissue injury was ranked on
the following basis (Fredenburg 1992 and Reynolds - University of Al aska,
unpubl i shed 1990 manuscri pt):

0 - no henorrhage apparent

1 - mld henorrhage; one or nore wounds in the nuscle

2 - noderate henorrhage; one or nore snmall (< width of one vertebrae)
wounds

3 - severe henorrhage; one or nore large (> width of one vertebrae) wounds
on the spine.
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RESULTS

| observed low |levels of spinal danage when exanining x-rays from Big Wod
River fish. Only 4% of the sanple (two fish) had detectable spinal damage. |
classified both of these injuries as is due to vertebrae conpression. Injury one
i nvol ved vertebrae 32 and 33. Injury two involved vertebrae 14, 15, and 16.

The incidence of nuscle tissue danage al so appeared to be low for the Big
Wod River sanple. Henorrhaging was observed in four fish or (8 percent) of the
sanple (n = 49). One specinen was too soft for dissection and was di scarded.
Al four of the fish had class 1 henorrhages and one individual also had a class
2 injury.

The 50 trout randomy selected for our study ranged from 123-426 nm and
averaged 266 mmin total length (Figure 1). The two fish with vertebral damage
were 205 and 220 mm | ong. Henorrhages occurred in fish from200 to 423 mm

DI SCUSSI ON

The above data has several inportant linmitations. First, there was no
control group collected with an alternate sampling technique to estimate
background levels of spinal injury. Several authors (Hollender and Carline 1992;
Sharber and Carothers 1990) have reported damaged vertebrae and henorrhages in
fish not collected via electrofishing. Sone of the "injuries" | observed may be
congenital abnormalities (Sharber and Carothers 1990). It is also possible that
the fish exam ned had been el ectrofished previously and sustai ned damage before
this study. The low estimte of injury nakes potential overestinmation of
injuries in the Big Wod R ver nobot, however.

Handling of the frozen fish nay have conpromised ny ability to clearly
observe henorrhages. Several nmonths before defrosting for the X-rays, fish were
partially defrosted to permt unrelated genetic sanpling and then refrozen.
Thus, fish were at |least partly defrosted twi ce before the autopsies. In sone
cases, blood dispersal in the tissue nmade it difficult to positively identify a
henorrhage. It is possible that additional henmorrhages in the nuscul ature went
undetected. In future work, autopsies should be perfornmed within several nonths
of sanpling.

| had difficulty examning x-rays of fish less than 200 mm The clarity of
the exposures were marginal no natter what exposure tines and power |evels were
used. Hol | ender (Pennsyl vania Fish Comm ssion, per sonal conmuni cat i on)
recommrends the use of a film designed for x-raying concrete for best results on
smal |l fish (Kodak Induxtrex AA or AX2). Unless specialized filmis used, Xray
results of small fish should be viewed as mninmuminjury rates.

G ven above study limtations, ny results are consistent with the literature
which suggests that DC el ectrofishing can be conducted with mninmal injuries by
not pulsing the current. Straight DC results in low injury rates (<10% when
conpared to other types of current (Lemarque 1990; Fredenburg 1992). Pul sed DC
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Figure 1. Length-frequency of Big Wood River rainbow trout examined for

electrofishing injury via X-rays.



often results in injury rates in excess of 40% with 80-90% rates being reported
(Fredenburg 1992; Sharber and Carothers 1990). |daho Department of Fish Game
personnel should use straight DC whenever gal vanotaxic response is sufficient to
achi eve study objectives.

A general approach for mnimzing electrofishing injuries would be to begin
all sanmpling operations with straight DC at low to noderate voltages. |f fish
response is insufficient, a decision nust be nade to either increase the DC
voltage or wutilize pulsed DC current. Injury rates are positively correlated
with pulse frequency (Pugh 1971; MM chael 1993). If pulsed DC is chosen, use
the |owest possible frequencies (preferably <30 hz) that produce acceptable
gal vanot axi s.

Sever al manufacturers are currently building nmachines that produce
speci alized pulse trains designed to minimze fish injury. This type of machine
shoul d produce internedi ate gal vanotaxis between pulsed and straight DC (Norm
Sharber, Coffelt Electronics, personal conmunication). There has been linited
field testing of these products to date, however. Wen replacing worn out
el ectrofishing units in the future, | recommend purchasing and equipnment wth
straight DC, pulsed DC, and special pulsing features (e.g. CPM from Coffelt
Manufacturing) to provide maxinmum flexibility. Such a conbination is ordinarily
not avail able but can typically be special-ordered at no extra cost.

The small sanple size in our study precludes exani nation of the relationship
between size and injury rates. There is conflicting evidence on the role of size
on the frequency of injury. Several authors report no difference between size
groups (Pratt 1954; Fredenburg 1992) but others report a positive relationship
(McM chael et al. 1991). Hollender and Carline (1992) detected a 22% injury rate
for small brook trout Salvelinus fontinalis (mean TL = 136 nm) so injuries are
not limted to larger fish. In general, little attention has been paid to
smal ler fish below 300 mm in past studies, and filnms used have I|ikely been
insufficient for examning fish |l ess than 200-250 mm

The nost inportant facet of electrofishing injury work remains conpletely
uni nvestigated. No studies have addressed the inportance of electrofishing-
caused deaths at the population level. They are |acking but have been called for
(Hol I ender and Carline 1992; Holmes et al. 1990; Reynolds 1990). The few | ong-
term studi es undertaken indicate no long-term effects on survival or growth of
i ndi viduals (Maxfield et al. 1971; Schneider 1992 and Roach 1992 as cited by
Snyder 1992).

The latter three studies are an inprovenent over those sinply docunenting
the percent of injuries occurring (including this report) but they still do not
address the issue of popul ation significance. For exanple, what proportion of
a population residing in a 10 km stream would be injured or killed by sanpling
five 100 m reaches using typical density estimation methods? Such a |evel of
sanpling is probably typical of many nanagenent oriented surveys of snall-nedium
sized streams. Assuming all fish in the five sanple sites were exposed to
current and died, a very wunlikely worst case exanple, the population
"exploitation® rate from sanpling would only be 5% What is the conditional
natural nortality rate (R cker 1958) for the stock being sanpled and how do these
rates interact with such, overexaggerated (100% sanpling | osses? Assum ng sone
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level of natural nortality would have acted on the fish killed by shocking, the
effects of such a sampling program would seem insignificant to stock status

Simlarly, if growth or maturity rates were slowed for such small proportions of
stocks the effects would likely be negligible. Under many conditions then, it
seens the potential inpacts of electrofishing would be unneasurable, even if
future long-term studies of nortality contradict the present evidence (Maxfield
et al. 1971; Schneider 1992; Roach 1992) of no long-termeffects for individuals.

Until popul ation | evel data are collected, existing reports of
el ectrofishing injury should be used with caution. Even the injury of individua
fish with no denonstrated population effects may prove unacceptable to sone
menbers of the public. The banning of electrofishing in nbost of Alaska wth
virtually no supporting data is a case in point.

Even among the biological community there has been a tendency to
enotionalize the issue. Despite the conplete |ack of population data discussed
above, Snyder (1992) in his review, suggests the technique my have to be
abandoned or severely limted in sonme waters "as an ethical responsibility to the
fish, the populace we serve, and ourselves". Such anthroponorphism may result
in severe, and perhaps, needless limtations being placed on what is arguably the
profession's nost effective sanpling tool. W may have to sinply accept that
el ectrofishing causes the injury or death of nore individual fish than we had
previously believed. Other fish sanpling methods result in a higher proportion of
deaths (e.g. gillnetting) and is still deemed acceptable when popul ation data is
needed for research or managenent of fish stocks.

Fi shery biol ogists need to develop well-designed injury studies to avoid the
occurrence of irrational decisions about electrofishing in the future (Reynol ds
1990). The studies should be designed to address inpacts at the population |eve
and not dwell on the percent of back injuries for a sanple.

RECOMVENDATI ONS

1. Begin electrofishing work in all Idaho waters with straight DC at |ow
voltages. Increase DC voltages as necessary to ensure adequate gal vanotaxic
response. |If captures remain unacceptable, utilize |ow pulse frequencies
(e.g. 15 pps). |If capture efficiencies do not inprove at |ow pps use
"injury-reducing" (e.g. Coffelt CPS) pulse trains if avail able.

2. Limt use of pulsed DC to frequencies less than 30 Hz unless necessary.
Bi ol ogi st using 60+ Hz should be aware they are injuring approximtely 50%
of sampled fish with unknown effects. The decision to proceed with such
sanpling should be based on the need for the data, the perceived strength or
sensitivity of the population in question, and a rough guess about the
proportion of the stock likely to be exposed to the electrical field.

3. Research targeted at examning effects of electrofishing injuries at the
popul ation level is needed. Such work does not appear to be forthcom ng
from other sources. Include smaller fish in injury work, adequate study has
not been done on fish <400 nmin |ength.
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