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ABSTRACT

The effects of pulsed B.C., square wave A.C., A.O. 
and D.C. were examined on individuals of various sizes in 
Ameletus dissitus» Baetis sp-» Cinygmula sp.» Hesperoperla 
Pacifica8 Psychoglypha suhhorealis, Simulium nacumbae and 
Hesperophylax occidentalis under simulated stream condi
tions . No damage occurred to any species exposed to high 
voltage shocks. All species, except S. .jacumbae, drifted 
when shocked with all currents within the range of voltages 
used for electrofishing methodology„ An inverse relation
ship between a species' propensity to drift and its drift 
threshold voltage was found for D.C. Threshold voltages 
for insects shocked with pulsed currents and A.C. were in
versely proportional to their metabolic rates. Damage to 
the ecosystem would occur from frequent electrofishing as 
rates of displacement of insects is expected to be greater 
than their recolonization rates. Electrofishing is expected 
to have the greatest adverse effects on species with large 
individualsr electrofishing with pulsed currents and A.C. 
also adversely affects species with high metabolic rates 
and low rates of dispersal. Therefore, frequent electro- 
fishing may alter the composition of benthic invertebrate 
communities and may be detrimental to the stream ecosystem.

vii



INTRODUCTION

The fact that electricity can modify the behavior of 
some benthie invertebrates has been known for many years„
As early as 1961, Bayless used pulsed D.O. to increase the 
activity of some benthic invertebrates to facilitate sample 
counts; more recently Ervin and Ball (197^) used A.C. to 
collect benthic invertebrates, The history of electrofish
ing in streams precedes the above observations by several 
years. However, despite the widespread use of electrofish-, 
ing since the i960’s (Sternin, Nikonorov, Bumeister 1976) to 
collect fish from streams, only a few recent studies, mostly 
under field conditions, have examined its effects on benthic 
macroinvertebrates (Elliott and Bagenal 1972; Fowles 1975 5 
Bisson 1976)5 these studies have shown that electrofishing 
with pulsed D„C, increases diurnal drift. In an area 
shocked six times over several hours, benthic densities of 
some species were reduced up to 80 percent (Elliott and 
Bagenal 1972 5 Fowles 1975)° There is only one study in the 
literature in which the effects of electric currents on 
three species of planktonic crustaceans and one benthic 
insect were examined experimentally (Shentyakova et al. 
1970).

In this study, I examined the effects of four dif
ferent electric currents (comparable to those used in



electroshocking of fish) on individuals of various sizes 
in each of seven different species of insects under simu
lated stream conditions. I discuss the implications of 
my results as they most likely can apply to benthic macro- 
invertebrate communities and stream fish under natural 
field conditions.



MATERIALS AND METHODS

Taxonomic classifications of test insects are pre
sented in Table 1. Ameletus dissitus (Eaton)?, Psychoglypha 
subborealis (Banks), Hesperophylax occidentalis (Banks) and 
Cinygmula sp» were collected on 7/I8/78, 8/IO/78, and 9/1/78 
from Soldier Creek, Pinaleno Mts,, Arizona (109O55,W, 32°
42'N) at an elevation of about 9200 ft. Midday temperatures 
in Soldier Creek (mostly spring fed) were 10 0 on all col
lection dates. Hesperoperla Pacifica (Banks), Cinygmula 
sp., and P . subborealis were collected on 7/18/78, 8/10/78, 
and 9/1/78 from Grant Greek, Pinaleno Mts., Arizona (109° 
53'10"W, 32°40,36,,N) at an elevation of about 8600 ft.
Midday temperatures in Grant Greek varied from 9 to 10 C 
on the collection dates. Baetis sp. and Simuliurn jacumbae 
Dyar & Shannon were collected from Garden Canyon Stream, 
Arizona (110°21'15"W, 3l°28'35"N) at about 5400 ft on 
9/29/780 The midday temperature in Garden Canyon Stream 
was 18 C . Insects were identified to family using keys 
in Merritt and Cummins (1978), and species were identified 
by Mr. Carl Olson of The University of Arizona.

Organisms were held in a refrigerated 490 liter 
Living Stream Unit (Frigid Units Inc.) between tests, 
Organisms except H. pacifica (a predator) were fed a
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Table .1. Taxonomic classifications of test insects = — Merritt and Cummins 1978.

Classs Insecta
Subclasss Pterygota

Infraclassi Paleoptera
Orders Ephemeroptera

Familys Siphlonuridae
Ameletus dissitus (Eaton)

Familys Baetidae 
Baetis sp.

Familys Heptageniidae 
Cinygmula sp.

Infraclasss Neoptera 
Divisions Exopterygota 

Orders Plecoptera
Familys Perlidae

Hesperoperla Pacifica (Banks)
Divisions Endopterygota 

Orders Trichoptera
Familys Limnephilidae

Subfamilys Limnephilinae
Psychoglypha subborealls (Banks)
Hesperophylax occidental!s (Banks)

Orders Diptera
Familys Simuliidae

Simulium (Simulium) jacumbae Dyar and Shannon



combination of decomposed leaves and catfish food pellets; 
live individuals of other organisms were fed to H. pacifica. 
Fluorescent lights (80 watts) on a time clock provided a 
10L:14D photoperiod. Prior to testing, insects were accli
mated for at least 3 d at the temperatures (5 or 10 C) used" 
in tests,

Tests were made in a plexiglass aquarium 36 x 20 x 
22 cm. A nearly uniform electric field was created through
out the length of the aquarium using electrodes of sheet 
aluminum 20 x 22 cm at each end of the aquarium. Water 
from the Living Stream Unit was circulated through the 
aquarium through 1.2 cm id hoses; hoses 5 m long were used 
to minimize leakage of electrical current through them.
The hose into the test aquarium was positioned so as to 
create a current that flowed horizontally across the sub
strate on which test insects were positioned. Current speed 
was varied from k to 10 cm/sec in relation to the ability 
of different insects in maintaining their position. The 
substrate consisted of an inverted ceramic flowerpot 10.4 
cm in diameteri The upper surface, where the organisms 
were placed, was sanded smooth and flat and surrounded by 
a fiberglass screen to prevent the insects from crawling 
over the edge. Tests were run under two temperatures, one 
ranged from 4,8 to 5»0 C and the other from 9-8 to 10,2 C, 
Conductivities were measured with a Solu Bridge (Industrial 
Instruments Inc., model RD- 152),



Four power sources were used to produce different 
electrical currents; (1) pulsed D.C. was generated by a 
Smith-Root type VII Electrofisher; (2) square wave A.C. was 
generated with a Tripp Lite condenser discharge 12-v con
verter (Trippe Mfg. Co., model PV-100); (3) line current 
was used for sine wave A.C.; and (4) straight D.C. was from 
rectified line current stabilized with two 600 uF 
capacitors„

An oscilloscope (Leader Electronic 0orp„, model 
LBO-301) was used to measure voltage potentials, frequencies 
and durations of the pulsed currents. Amplitude voltages 
were measured from the initial spike on the pulse. Sine 
wave A.C. and straight D.C. were measured on a VOM (Micronta 
model 22-204). Sine wave rms voltages were then converted 
into amplitude voltages for comparisons. The electrical 
circuitry and water flow system are diagrammed in Figure 1.

In determining threshold voltages that might induce 
drift» single insects were, after becoming motionless, 
aligned either lengthwise or sideways to the electrodes on 
the substrate facing the water flow. In preliminary exper
iments, there were no observable differences in the reac
tions of individuals of any species to shocks of 1 to 10 
sec of a given voltage, therefore, I used shocks of 1 sec 
duration for tests. This duration is probably near that 
to which benthos are exposed during usual field electro- 
shocking methodology. Shock-time was regulated by a



Figure 1. Electrical circuitry and water flow diagram, —  Switch A (Sa) was closed 
during trials and open during voltage adjustments, Switch B (Sb) was 
open during trials and closed during voltage adjustments. The resistors 
were: Rl = 4320 ohms, R2 = 1000 ohms, R3 = 4320 ohms, R4 = 7870 ohms, R5 
7870 ohms, R6 = 41200 ohms, R7 = 0 to 2500 ohms, R8, R9, and R10 = 0 to 
1000 ohms, The substrate = Sub,
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timer-controlled, relay„ As I use the term here, a threshold 
voltage is the minimum level of electric current required 
to induce an individual test insect to leave the substrate.
I determined threshold voltage densities by shocking a se
ries of similarly sized individuals while increasing the 
voltage in small increments = A voltage density was recorded 
as inducing drift when insects of the same size and species 
lost their hold on the substrate in two consecutive tests 
at the same voltage density and at least 80 percent of the 
individuals drifted at the next five higher voltage densi
ties. Three replicates were run on different days for each 
experiment. Threshold body voltages were calculated by mul
tiplying the threshold voltage density by the body length 
aligned with the electric field, Body lengths were measured 
from the tip of the head capsule to the end of the abdomen 
exclusive of the cerci =

I found that repeated shockings of the same indi
viduals only temporarily elevated their threshold voltages 
(it required slightly higher voltages for a second shock 
to induce drift), therefore, individuals could be used for 
more than one trial. All test insects exhibited normal 
behavior 6 h after a 1 sec shock, therefore, tests could 
be repeated on the same individual after at least 24 h . 
Starved or injured individuals were not used in tests.

In further experiments, pulsed D.C. and square wave
A.C, were used to test the effects of high voltage densities



of 4 v/cm for a 5 sec duration at 10 C. : For maximum 
effects, 66 Hzp 9°5 msec pulses were used for D.C. A « 
dissitus, Cinygmula sp =, H . pacifica and H . occidentalis 
were tested in a variety of different alignments to the 
electrodes„ Each experimental group consisted of five in
dividuals for A. dissitus and Cinygmula sp. and ten individ 
uals of H. pacifica and H„ occidentalis. After a test, in
dividuals were placed in cages in the Living Stream Unit 
and observed for signs of abnormal behavior for 2 wks,

L Not all tests were performed with each species due 
to a paucity and limited size range of some species.



RESULTS

Detailed data on threshold voltage densities and 
body voltages for each electric current that induced insects 
of particular body size and alignment to enter the drift at 
particular temperatures and conductivities are given in 
Appendix A ,

Ameletus dissitus 
Nymphs of A . dissitus swam away from the substrate 

and then drifted at threshold voltages with all electric 
currents tested (Fig, 2, I), When shocked at voltageS_Swt.' 
below those inducing drift, they usually remained motionless 
but sometimes crawled. After the shock at threshold volt
ages, their activity increased over preshock levels. There 
were no observable differences in the level of threshold 
body voltages when nymphs were shocked with pulsed B.C.,
33 Hz, 5.0 msec at 5 and 10 C when aligned either lengthwise' 
or sideways. Threshold voltages for pulsed B.C. decreased 
with increased frequency and duration of the pulse.

In separate experiments conducted to determine if 
any damage occurred to A, dissitus nymphs shocked at 4 v/cm 
with pulsed B.C., 66 Hz, 9-5 msec and square wave A.C., all 
nymphs emerged with 2 wks after being shocked with either 
current. Immediately after the shock, all five nymphs

10



Figure 2, Threshold voltage densities (A) and body voltages (B) required to induce 
insects to drift when exposed to four different currents at 10 C . —  The 
insects are: I = A. dissitus (x body length = 12,5 mm)» II = Baetis sp.
(x body length - ~&*6 mm), III = Cinygmula sp. (x body length = 7,1 mm),
IV = H, pacifica (x body length = 26.6 mm, solid figures; x body length = 
13<>2 mm, open figures), V = P, subborealis (x body length = 16,1 mm), VI 
H, occidentalis (x body length = 18,0 mm), and VII = S, jacumbae (x body 
length = 6,0 mm),

Pulsed D,C,, 33 Hz, 5 -O msec = ©
Square- Wave A,C. @



Did
A * v /c m  B * v Not

Drift

Figure 2. Threshold voltage densities (A) and body voltages (B) required to induce 
insects to drift when exposed to four different currents at 10 C.
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shocked with pulsed D.C. were stunned for 2 to 3 min and 
all five nymphs shocked with square wave A„C„ were stunned 
for 45 s to 5 min.

Baetis sp.
Nymphs' of Baetis sp. swam away from the substrate 

and then drifted at threshold voltages with all electric 
currents tested (Fig. 2, II)= When they were shocked at 
voltages just below those inducing drift, they usually 
remained motionless but sometimes crawled. After the shock 
at threshold voltages, their activity increased over pre
shock levels. %

Cinygmula sp.
Nymphs of Cinygmula sp. swam away from the substrate 

and then drifted at threshold voltages with all electric 
currents (Fig. 2, III). When shocked at voltages just 
below those inducing drift, nymphs positioned lengthwise 
prior to shocking frequently oriented themselves sideways 
to the electrodes and crawled.. After the shock at threshold 
voltages, their activity increased over preshock levels. 
Reducing the temperature from 10 to 5 C increased the thres
hold voltage for pulsed B.C., 33 Hz, 5=0 msec by about 30 
percent. There were no observable differences in the level 
of threshold body voltages when nymphs were shocked with 
pulsed B.C., 33 Hz, 5=0 msec when aligned either lengthwise 
or sideways„ ,
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In separate experiments conducted to determine if 

any damage occurred to Cinygmula nymphs shocked at 4 v/cm 
with pulsed D„C„, 66 Hz, 9-5 msec and square wave A .C ., all 
nymphs emerged within 2 wks after being shocked with either 
currento Immediately after the shock, only four of the five 
nymphs shocked with pulsed D„C. were stunned for 1-5 to 3 
min and all five nymphs shocked with square wave A-C. were 
stunned for 2.5 to 4 min.

Hesperoperla pacifica
Nymphs of H. pacifica were electronarcoti.zed (the 

legs were withdrawn under the body and they remained motion
less) and then drifted at threshold voltages with all elec
tric currents (Fig. 2, IV)„ When shocked at voltages just 
below those inducing drift, nymphs that were postioned 
lengthwise prior to shocking would orient themselves side
ways or twist their body into an "S" shape. After the shock 
at threshold voltages, their activity increased over pre- 
shock levels. Threshold body voltages increased with 
increased body size with pulsed B.C., 33 Hz, 5=0 msec at 
0.04 v/mm and with square wave A.C. at 0.09 v/mm; there 
were no linear relationships between threshold body voltages 
and body size with A.C. and D.'O. Reducing the temperature 
from 10 to 5 C increased threshold voltages for pulsed B.C., 
33 Hz-» 5-0 msec by about 25 percent. There were no observ
able differences in the level of threshold body voltages
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when nymphs were shocked with pulsed D.C.,'33 Hz, 5«0 msec 
when aligned either lengthwise or sideways.

In separate experiments conducted to determine if 
any damage occurred to H, Pacifica nymphs shocked at 4 v/cm 
with pulsed D.C., 66 Hz, 9=5 msec and square wave A.C., all 
nymphs survived at least 2 wks after being shocked with 
either current; none emerged while in captivity. Immedi
ately after the shock all ten nymphs shocked with pulsed 
D,G, were stunned for 2 to 5 min and only two of the ten 
nymphs (only these were positioned lengthwise) shocked with 
A,C. were stunned for 2,5 min,

Psychoglypha subborealis 
Larvae of P. subborealis released their hold on the 

substrate and usually withdrew into their cases and then 
drifted at threshold voltages with all electric currents 
(Fig, 2, V), Larvae shocked at voltages below those induc
ing drift remained motionless. After the shock..their activ
ity (crawling) increased over preshock levels in proportion 
to the voltage. There were no observable differences in 
the level of threshold body voltages when larvae were 
shocked with pulsed B.C., 33 Hz, 5=0 msec at 5 and 10 C,

Hesperophylax occidentalis 
Larvae of H, occidentalis released their hold on 

the substrate and usually withdrew into their cases and 
then drifted at threshold voltages with all electric



currents (Fig» 2, VI). Larvae shocked at Voltages below 
those inducing drift remained motionless. After the shook 
their activity (crawling) increased over preshock levels in 
proportion to the voltage. Reducing the temperature from 
10 to 5 C increased the threshold voltage for pulsed D .0„»
33 Hz s, 5 o 0 msec by about 30 percent. There were no observ
able differences in the level of threshold body voltages 
when larvae were shocked with pulsed B.C., 33 Hz, 5.0 msec 
when aligned either lengthwise or sideways. Threshold volt
ages for pulsed B.C. decreased with increased frequency and 
duration of the pulse.

In separate experiments conducted to determine if 
any damage occurred to H. occidentalis larvae shocked at 
4 v/cm with pulsed B.C., 66 Hz, 9*5 msec and square wave
A.C., all larvae survived at least 2 wks after being shocked 
with either current; none emerged while in captivity. Imme
diately after the shock with either current, their activity 
was greatly increased over preshock levels.

Simulium jacumbae
Larvae of S. nacumbae did not drift when shocked at 

voltage densities of 5 =85 v/cm (body voltages = 3 = 8 v) with 
pulsed B.C., 33 Hz, 5=0 msec, 4 =53 v/cm (body voltages = 3 = 0 
v) with A ' . C a n d  4.18 v/cm (body voltages = 2,8 v) with
B.C. When shocked, they rapidly swayed in a sideways align
ment to the electrodes but they did not release their hold.



Species C omparisons
Of the seven .species tested, only S. .jacumbae did 

not drift when shocked, There was no pattern for threshold 
voltages with all currents between taxonomic groups at the 
order or family level of insects„

, Summary
Voltage densities that induced each species to drift 

were inversely proportional to body length aligned with the 
electric field, therefore, the threshold body voltage for 
each electric current is constant within the size range of 
most species tested. Threshold body voltages for the pulsed 
currents increased with increased body size for H. pacifica 
(data was insufficient for the other species). Threshold 
voltages for pulsed D .0. decreased with increased frequency 
and duration of the pulse with both species tested, A. 
dissitus and H. occidentalis. When temperatures were de
creased, threshold voltages remained the same for A. 
dissitus and P. subborealis but increased with Cinygmula 
sp., H. pacifica, and H. occidentalis. In general, the 
factors mentioned above that influence insects' responses 
to an electric shock similarly influence the responses of 
fish (Sternin et al. 1976)i however, insects did not exhibit 
a galvanotaxic response when shocked with D,C.

No observable damage occurred to any species exposed 
to high voltage shocks,



DISCUSSION

The effects of electrofishing on stream inverte
brates have not been sufficiently understood to adequately 
assess their impact on Stream ecosystems. My study indi
cates that the overall response of aquatic insects to ele- 
tric shocks was species-specific. Therefore, to determine 
the impact of electrofishing on stream communities, each 
species must be considered separately. I intend to use the 
results of my experiments to show the biological, manageri
al, and evolutionary implications of electrofishing in 
streams,

Biological Implications 
The impact of electrofishing on drift of benthic 

invertebrates partially depends on the magnitude of the 
voltage used. Electric fields are uniform only between 
parallel electrodes and decrease in magnitude with distance 
from the electrodes (Sternin et al. 1976). Haskell (195^) 
showed that brown trout (Salmo trutta) at least 9 cm in 
length, can be collected with A.C. and pulsed D.C.at 0.4 
v/cm. Similar voltages of B.C. are also effective in cap
turing small trout (Sternin et al. 1976). However, to 
collect stream fish several meters away from the electrodes 
much higher voltage gradients, up to 4 v/cm, between the

17



electrodes are necessary. Thus most invertebrates within 
several meters of the electrodes are exposed to voltages 
potentially high enough to induce them to drift. Variations 
in increases in shock-induced drift between species may be 
due to; (1) differences in distribution in the substrate 
as organisms within the substrate have limited access to 
the drift? test insects placed in the open entered the drift 
while being shocked but in streams those deep in the sub
strate probably would not drift when shocked; and (2) vari
ations in invertebrates' responses to low voltages at the 
electric field's perimeter due to differences in species- 
specific threshold voltage, body size and alignment.

Nymphs of A. dissitus, 10,2 to 14.0 mm in body 
length and aligned either lengthwise or sideways to the 
electrodes, entered the drift when shocked at low voltages 
of all electric currents tested at 10 C. In streams, nymphs 
would be highly exposed to the electric field and water flow 
so that their probability of drifting is high as they were 
variously aligned on substrate surfaces of pools (personal 
observation). Therefore, a large proportion of the nymphs 
greater than 10 mm within several meters of the electrodes 
would be expected to drift during electrofishing. Small 
nymphs less than 10 mm and those aligned sideways that are 
shocked near the perimeter of the electric field would drift 
to a lesser degree due to their low body voltages, Until 
the relationship between body size and threshold voltage



19
is known for the early instars» we must assume that a large 
proportion of A. dissitus populations would enter the drift 
during electrofishing.

Distances that A = dissitus nymphs would be displaced 
in the drift depend on how quickly they return to the sub
strate and on the availability of suitable microhabitats 
in downstream areas which would affect further nocturnal 
drift o Fowles (1975) showed that 78 percent of ,
Ephemeroptera in the drift returned to the substrate in less 
than 15 m after being shocked with high voltage (600 v elec
tro shocker settings). A. dissitus nymphs may also quickly 
return to the substrate as only the nymphs near the elec
trodes probably would be stunned. Waters (1969) showed that 
a conspecific to A. dissitus was a nocturnal drifter so day
light should inhibit their drift. Even after returning to 
the substrate, further displacement may occur depending on 
the availability of suitable microhabitats and degree of 
competition in relation to benthic densities in downstream 
areas (Miiller 1974). Propensity to drift in relation to 
benthic densities has not been reported for A, dissitus, 
however, data on a conspecific collected by Ulfstrand (1968) 
indicates a high propensity to drift in relation to benthic 
densities. Therefore, if large numbers of nymphs were dis
placed for great distances and many of the large nymphs 
were eaten by stream fish (Allan 1978), the species would 
suffer greatly reduced benthic densities.
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Recolonization rates of A. dissitus in depauperated 

areas have not been reported, In general, recolonization, 
of Ephemeroptera mainly depends on drift from upstream 
areas (about 70 percent) with lesser contributions from 
upstream movements (Bishop and Hynes. 1969)» If A. dissitus 
has a high propensity to drift, recolonization should be 
rapid (rates vary with season) as has been shown for similar 
species (Waters 1964; Sheldon 1977) - However, long term 
decreases in their abundance may occur from frequent elec
trofishing as many nymphs that are about to emerge and 
reproduce are probably eliminated by displacement = Until 
their recolonization rates are known, the full impact of 
electrofishing on their populations can not be determined.

Nymphs of Baetis sp,, 6.1 to 7-5 mm in body length 
and aligned lengthwise to the electrodes, entered the drift 
when shocked at low voltages of all test currents at IOC.
In streams, nymphs would be highly exposed to the electric 
field and water flow which greatly increases their probabil
ity of drifting as they were oriented towards the direction 
of stream flow on substrate surfaces in swift water (per
sonal observation), Since many nymphs are similarly 
aligned, drift rates would increase the most when the elec
trodes are positioned parallel to stream flow, since body 
voltages for lengthwise alignments are at least twice those 
for sideways alignments. Nymphs under 6 mm and.those



21
aligned sideways that are shocked near the perimeter of the 
electric field should drift to a lesser degree due to their 
low "body voltages „ However» the relationship between body 
size and threshold voltage should be known for the early 
instars for accurate predictions„ The percentage of the 
Baetis populations caused to drift by electrofishing can 
be very high as shown by Elliott and Bagenal (1972) who 
found a 30 to 60 percent decrease in benthic densities from 
electrofishing =

Distances that Baetis nymphs would drift depend on 
how quickly they return to the substrate and on the avail
ability of suitable microhabitats in downstream areas which 
affects further nocturnal drift„ Elliott and Bagenal (1972) 
showed that 84 to 98 percent of Baetis nymphs returned to 
the substrate after drifting less than 15 m after being 
shocked as they are nocturnal drifters (Waters 1969)= Even 
after returning to the substrate, further displacement may 
occur depending on the availability of suitable microhabi
tats and degree of competition in relation to benthic den
sities in downstream areas (Muller 1974)„ Baetis spp. have 
high propensities to drift in relation to benthic densities 
(Waters 1969)9 so that large numbers of nymphs may be dis
placed for great distances with many of the large nymphs 
eaten by stream fish (Allan 1978). McLay (1970) showed 
that Baetis nymphs drifted an average of 21.6 m per night 
with maximum distances of 100 m so that large numbers of
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nymphs displaced at these rapid rates would greatly reduce 
benthic densities„

Recolonization of denuded areas by Baetis species 
has been reported to occur in 4 to 10 days depending on 
their drift rates (Waters 1964)„ Long term decreases in 
their abundance may occur as many nymphs that are about to 
emerge and reproduce are eliminated by displacement from 
frequent electrofishing. However, unless electrofishing 
was extensive or on a continuing basis, Baetis populations 
should not be severely affected,

Nymphs of Cinygmula sp,, 5-4 to 8.6 mm in body 
length and aligned either lengthwise or sideways to the 
electrodes, entered the drift when shocked at low voltages 
of the pulsed currents but required higher voltages of A.C. 
and B.C. to induce drift„ In streams, less than half of 
their population has quick access to the water flow as 
nymphs were variously aligned under rocks and were found to 
a substrate depth of at least 5 cm in riffles (personal 
observation). Further tests are required to determine 
threshold voltages for the early instars (a majority of 
the fall population) as they probably do not drift when 
shocked at usual electrofishing voltages due to their low 
body voltages„ Therefore, mostly large nymphs near the 
substrate surface would be expected to drift during elec
trofishing which was less than 10 percent of their fall 
population.
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Distances that Cinygmula nymphs are displaced in 

the drift depend on how quickly they return to the substrate 
and on the availability of suitable microhabitats in down
stream areas which affects further nocturnal drift„ Elliott 
and Bagenal (1972) showed that 96 percent of a related spe
cies (Heptageniidae) returned to the substrate after drift
ing less that 15 m. Cinygmula nymphs may also quickly re
turn to the substrate as Only the nymphs near the electrodes 
probably would be stunned and because they are nocturnal 
drifters (Radford and Hartland-Rowe 1971)« Cinygmula have 
low propensities to drift in relation to benthic densities 
(Waters 1969; Brusven 1970; Lehmkuhl and Anderson 1972) so 
further displacement may not be great. Rapid recolonization 
by upstream movements at 6 m per 24 h has been reported for 
related species (Heptageniidae) (Elliott 1971) and if 
Cinygmula nymphs make similar movements, their benthic pop
ulations may not be adversely affected by electrofishing.

Cinygmula nymphs suffered from extreme hypoxia after 
being stunned by high voltages which could result in death. 
Nymphs were placed,in well-oxygenated, 10 C standing water 
after shocking at 4 v/cm and all died shortly thereafter = 
Howeverj it was found that they normally had high oxygen 
requirements and required flowing water for survival at 
these temperatures. It is possible that stunned nymphs, 
deep in the substrate or those carried to areas of low 
water flow may suffocate. However, it is doubtful that
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this would cause a significant number of deaths unless 
extremely high voltages are used.

Threshold body voltages of H. pacifica were high es
pecially with square wave A .C . and D.C. so that electrofish
ing is highly selective in inducing drift of the largest 
nymphs, In streams, less than half of their population has 
quick access to the drift as nymphs were variously aligned 
under rocks and were found to a substrate depth of at least 
5 cm in riffles (personal observation). As they did not ac
tively enter the drift, mostly large nymphs, aligned length
wise to the electrodes and near the substrate surface, would 
be expected to drift during electrofishing, Their aquatic 
development probably requires 3 yr as indicated by the large 
size range in their population and a 3 yr development cycle 
is common for Plecoptera (Harper 197.8)» Therefore, dis
placement of large nymphs would be very detrimental to their 
future recruitment (Otto and Svensson 1976).

Distances that H. pacifica nymphs are displaced in 
the drift depend on how quickly they return to the substrate 
and on the availability of suitable microhabitats in down
stream areas which affects further nocturnal drift. Elliott 
and Bagenal (1972) showed that over 87 percent of another 
predatory plecopteran returned to the substrate in less 
than 15 m after being shocked, H. pacifica nymphs may also 
quickly return to the substrate as only a few nymphs near 
the electrodes would be stunned which prevents active
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settling; they are also nocturnal drifters (Kroger 1974).
H. pacifica has a low propensity to drift in relation to 
benthic densities (Anderson 1967; Kroger 1974) so,further 
displacement may not be great„ Upstream movements at 6 
m per 24 h have been reported for another predatory 
plecopteran (Elliott 1971) so if Ho pacifica makes similar 
movements, their benthic populations should not be adversely 
affected by electrofishing =

Larvae of P „ subborealis, 1408 to 17 = 7 mm in body 
length aligned lengthwise to the electrodes, were electro- 
narcotized during shocks of low voltages of all test cur
rents o Since they did not actively enter the drift during 
the shock and they inhabit pools where water flow is not 
sufficient to displace them (personal observation), they 
would have to move to an area of increased flow to drift„ 
Their activity temporarily increased after shocking so that 
a minor proportion of large larvae aligned lengthwise to 
the electrodes would be expected to drift. Therefore, 
their populations may not be significantly reduced during 
electrofishing.

Larvae of H. occidentalis, 16.1 to 19.3 mm in body 
length and aligned lengthwise to the electrodes, were 
electronarcotized from shocks of low voltages of D„C. and 
pulsed B.C., 66 Hz, 9=5 msec, but required higher voltages 
for the other pulsed currents and A.C. to induce drift.
Since they did not actively enter the drift during the shock
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and they inhabit pools where water flow is not sufficient 
to displace them (personal observation)$ they would have 
to move to an area of increased flow to drift. However$ 
due to the high threshold voltages of the pulsed currents 
(most commonly used in backpack units), the activity of 
most larvae is not greatly increased so few would be ex
pected to enter the drift. Therefore, their population may 
not be significantly reduced during electrofishing in the 
fall (10 C).

Larvae of S. .iacumbae, up to 6.8 mm in body length, 
did not drift when shocked at high voltages with any cur
rent probably because the electric field affects their 
attachment disc. The posterior proleg is the attachment 
organ which has a complex arrangement of retractor muscles 
(Hynes 1970)s when they are contracted, the larvae attaches 
itself to its pad of silk by the outwardly directed hooks 
of the proleg. Since the larvae's activity was highest 
during shocking but they did not move off their pad until 
after the shock, the shock probably prevented the retractor 
muscle from relaxing so that the larvae could not release 
its hold and drift. Most larvae would be directly dislodged 
from the substrate surface by the electroshocker.operators 
so that the benthio population may not be significantly 
affected by electrofishing.

In summary, infrequent use of electrofishing in 
streams should not be detrimental to the populations of test
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species as induced drift may be insignificant for P „ 
subborealis, H. occidentalis and S. .iacumbae and recolon
ization of reduced populations of A. dissitus, Baetis sp =» 
Cinygmula sp. and H» pacifica is expected to be rapid. 
Howevers, if a stream is extensively or frequently electro- 
fished, significant reductions in abundances would be ex
pected to occur due to reduced recruitment of species that 
exhibit large increases in drift rates from shocking,

Management Impli cations
Stream salmonids feed on aquatic invertebrates from 

the drift and benthos and the availability of invertebrates 
affects stream fish production. Salmonid fry and juveniles 
feed predominantly on organisms in the drift while adults 
rely heavily on epibenthic organisms, especially large 
Limnephilidae (Trichoptera) larvae (Horton I96I; Bailey 
1966; Elliott I967? Bisson 1978; Tippets and Moyle 1978). 
Adult brown and rainbow trout also utilize the high abun
dance of nocturnal drift (Jenkins I969)- Streams with high 
drift rates have been shown to support a 63 percent greater 
standing crop and 78 percent greater biomass of salmonids 
than those with low drift rates (Chapman 1966)» Therefore, 
decreases in drift rates and densities of large epibenthic 
invertebrates could be detrimental to the fishery.

The abundance of aquatic invertebrates in the drift 
have been shown to be related to benthic densities (Dimond



I9675 Lehmkuhl and Anderson 19725 Hildebrand 1974; Reisen 
1977; Walton, Reice and Andrews 1977; Corkum 1978). Waters 
(1966) and Muller (1974) suggested that drift results from 
population surpluses and provides a means of maintaining 
population densities at the "carrying capacity" of the 
benthos. Interspecific competition for food (Hildebrand 
1974; Townsend and Hildrew 1976) and space (Walton et al, 
1977) are mechanisms which lead individuals to drift in 
order to locate new areas of reduced competition. Drift 
from denuded benthic areas was found to increase curvilin
early as benthic densities increased (Dimond 1967)= There
fore, significant reductions in benthic densities by elec
trofishing reduces the availability of prey organism in the 
drift as well as in the benthos to stream salmonids.

Increases in drift and reductions in benthic densi
ties vary with three factors under the control of the elec
troshocker operators (1) voltage settings,. (2) frequency 
that an area is reshocked, and (3) whether electrofishing 
proceeds in an upstream or downstream direction. Increases 
in electrode Voltage linearly increases the intensity of 
the electric field (Sternin et al. 1976) which increases 
the number of benthic organisms shocked at voltages inducing 
drift. Increasing voltages above minimally effective levels 
for collecting fish needlessly reduces a greater proportion 
of benthic populations. Elliott and Bagenal (1972) and 
Fowles (1975) showed that drift rates increased to similar



levels each of six times that an area was shocked. Despite 
the continual loss of invertebrates, magnitudes of increases 
in drift rates were constant probably because the activity 
of the remaining organisms was greatly increased which 
quickly redistributes them in the benthos. Each time an 
area is shocked, a constant proportion of the remaining 
population is reduced so that frequent shocking could elim
inate a species. Due to the ability of the organisms to 
quickly return to the substrate, greater displacement occurs 
when electrofishing proceeds in a downstream direction 
(Fowles 1975) as the organisms are reshocked into the drift 
every 15 m. To minimize the damage to the fishery, voltages 
and the frequency of shocking should be kept to a minimum 
and streams should be electrofished in an upstream direc
tion.

The results of my study indicate that electrofishing 
could reduce the abundance of some benthic invertebrates 
for extended periods only when an area is frequently 
shocked. Areas, especially those with endangered or threat
ened species, or those with low productivity, that must be 
electrofished several times annually are especially suscep
tible to damage, These areas should be monitored for forage 
abundance in the drift and benthos to determine the rate 
of decrease in abundances and permit changes in collection 
methods to minimize damage to the fishery, .
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Evo'luti onary Impli cati ons 

Invertebrate drift refers to the downstream trans
port of "benthie invertebrates in freshwater streams. Waters 
(1965) subdivided the phenomena of downstream drift into 
three components? (1) behavioral drift? a result of some 
behavioral characteristic of the animal5 (2) catastrophic 
drift ? that which occurs as a result of floods or other 
physical disturbance; and (3) constant drift? composed of 
occasional individuals that for various reasons lose their 
hold on the bottom and drift in low numbers without an 
obvious diel periodicity.

Muller (195^) suggested that, behavioral drift re
sulted from competition for resources in stream benthos,
He formulated a "colonization cycle" hypothesis, integrating 
downstream drift of aquatic insects and upstream migration 
of aerial adults into a possible mechanism for population 
regulation in streams, Waters (I96I) suggested that drift 
removes production in excess of the benthic carrying capac- 
ity as he found drift to relate directly to benthic secon
dary productivity in five streams. However, neither the

/
colonization cycle nor the excess production hypotheses 
have been universally documented in the field (Waters .1972) , 

Competition influences species' behavior so that the 
resources of a community are partitioned between species 
in such a way that each species is limited by a different 
resource (MacArthur 1958) to reduce interspecific
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competition. Drift behavior has been shown to vary at the 
species level in relation tol.levels of illumination (Bishop
1969)» food levels (Hildebrand 197^)> population densities 
(Lehmkuhl and Anderson 1972), substrate types and current 
velocities (Corkum, Pointing, and Ciborowski 1977; Maias and 
Wallace 1977)» Therefore, each species has evolved differ
ent strategies of dispersal to reduce competition. These 
drift strategies may influence insects’ responses to elec
tric shocks,

In my experiments, an inverse relationship between 
the propensity of an insect to drift and its threshold 
voltage was found only for D.C. (Fig, 3); the relative pro
pensities to drift are listed for each species that drifted 
when shocked in Appendix B, Therefore, electric shocks with 
D.C, must stimulate the insects' nervous system in the same 
manner as natural stimuli induce drift. Further experiments 
should be performed to verify this relationship as it would 
be very useful as an index of relative propensities to ■ 
drift. More importantly, since species that have evolved 
high propensities to drift have also evolved the highest 
rates of compensatory upstream movements (Hultin, Svensson 
and Ulfstrand 1969; Madsen, Bengtson, and Butz 1973), infre
quent electrofishing with D.C. would be the least detrimen
tal of the electric currents to stream invertebrates, How
ever , electric shocks are an unnatural stimulus that can 
induce very large proportions of some populations to drift



Figure 3. Relationships between each insect's propensity 
to drift and its threshold voltage for four 
different currents at 10 C. -- The electric cur
rents are: I =pulsed D.C., 33Hz, 5.0 msec, 
II = square wave A.C., III = A.C., and IV= D.C . 

A. dissitus = • 
Baetis sp. = • 
Cin;ygmula sp. = • 
H. pacifica = * 
P. sub borealis = 0 

H. occidentalis = • 
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different currents at 10 C.
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and the compensatory mechanisms are not effective for recol
onization of areas that are continually depopulated by elec- 
trofishing.

Threshold voltages of insects shocked with the
pulsed currents and A.C. (to a lesser degree) were inversely

_ ' ) proportional to their metabolic rates; relative metabolic
,rates are given for each species that drifted during shock
ing in Appendix 0. When temperatures decreased from 10 to 
5 C, metabolic rates decreased for some species (Fox and 
Simmonds 1933» Fox* Simmonds» and Washbourn 1935).so that 
threshold voltages of pulsed D„C„ increased; apparently 
Ac dissitus and P. subborealis are cold adapted as they 
appeared to maintain constant metabolic rates from 5 to 
10 C = Electric currents differ mostly in their neurophysio-' 
logical effects resulting in tetanic contractions of the 
muscles (Halsband 196?)„ Neurophysiological effects are 
greatest with pulsed currents so that a relationship of 
increasing threshold yoltage to increasing body size, with" 
which metabolic rates decreases (Wigglesworth 1972), is ap
parent for H. pacifica. Therefore, electrofishing with 
pulsed currents and A.C. is highly selective in reducing 
the abundances of species with high metabolic rates, espe
cially those with large body sizes, and is most detrimental 
to those species that have evolved low propensities to drift 
with minimal recolonization mechanisms, Daily and seasonal 
decreases in temperature may reduce metabolic rates so that
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the number of organisms induced to drift by the pulsed cur
rents and A„C„ are reduced. However, low insect productiv
ity and recruitment occur during the winter season (Hynes
1970) so that damage to the ecosystem may be just as severe 
then as when electrofishing occurs during the warm seasons.

There were differences between species reactions to 
high voltage shocks that apparently were not influenced by 
propensities to drift nor metabolic rates. Only the hemi- 
metabolous (incomplete metamorphosis? nymphs) species were 
stunned by high voltage shocks while the activity of the 
holometabolous (complete metamorphosis? larvae) species in
creased after shocking. Chironomus plumosus was shown to 
respond similarly to the other holometabolous species to 
high voltage shocks (Shentyakova et al. 1970). At this 
time, the reasons for the differences in responses between 
these two groups are not known. If electrofishing voltages 
are excessively high, more damage due to greater displace
ment and suffocation occurs with the hemimetabolous species 
perhaps increasing the abundance of holometabolous species.

In conclusion, electrofishing selectively decreases 
the abundances of certain species depending on the electric 
current used. Frequent electrofishing with B.C. has the 
greatest affect on species with large individuals as they 
are displaced at greater rates than species with small in
dividuals. Frequent electrofishing with the pulsed currents 
and A.C. has the greatest affect on species with high



metabolic ratess.large individuals, and low propensities to 
drift while other species are either displaced at lower 
rates or recolonize at higher rates« Species that are 
most affected during electrofishing, may be eliminated and 
replaced by other species that are less affected and have 
highly efficient dispersal mechanisms» Waters (1964) showed 
that Baetis nymphs would recolonize disturbed areas at 
faster rates than Gammarus sp. allowing Baetis sp. to in
crease their normal benthic densities and result in lower
densities of Gammarus sp, than predisturbance levels,

/

Dimond (1967) showed that streams denuded of all benthic 
invertebrates were rapidly recolonized by species with 
rapid reproductive rates and that other species required 
two to three times longer to recolonize the area. Frequent 
electrofishing may alter the composition of benthic inver
tebrate communities which may be detrimental to the stream 
ecosystem.



APPENDIX A

DETAILED DATA ON SHOCK-INDUCED DRIFT

Threshold voltage densities and body voltages for
each electric current that induced insects of particular
body size and alignment to enter the drift at 5 and 10 C
and conductivities which ranged from 4-00 to 410 umhos/cm
(corrected for 25 C)»

Threshold voltage density ................. = v/cm
Threshold body voltage .................... = v
Total length (measured from head
capsule to cerci)     = tl
Body length (measurement excludes cerce) .. = bl 
Total width (measurement includes legs 
positioned as in live specimens ) ......... = tw

Ameletus dissitus
Pulsed D.C.,'33 Hz» 5-0 msec» 10 C, lengthwise.
0,423 v/cm 13.2 mm bl 19=0 mm tl 0.558 v
0.418 v/cm 12.2 mm bl 17.4 mm tl 0.510 v
0.418 v/cm 11.0 mm bl 16.1 nun tl 0.460 v
Pulsed B.C., 33 Hz, 9=5 msec» 10 C, lengthwise.
O.I70 v/cm 12.6 mm bl 17=6 mm tl 0.214 v
O.I67 v/cm 11,3 mm bl 17=1 mm tl O.I89 v0,181 v/cm - 12.4 mm bl 17=9 mm tl 0.224 v
Pulsed D.C., 66 Hz, 5 =0 msec» 10 C , lengthwise.
0,173 v/cm 11.1 mm bl 16.0 mm tl 0.192 v
O.I89 v/cm 12.5 mm bl 15=5 mm tl 0.237 v
0.167 v/cm 10.2 mm bl 15=5 mm tl 0.170 v

36
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Ameletus dissitus (Continued)

Pulsed D.Co 9 66 Hz, 9-5 msec» 10 C, lengthwise.
0.081 v/cm 12.2 mm hi 16.5 mm tl 0.099 V
0 = 097. v/cm 11.2 mm hi 16.8 mm tl 0.109 V
0.067 v/cm 10.5 mm hi 15.1 mm tl 0.070 V
Pulsed D.C.9 33 Hz, 5-0 msec, 5 C, lengthwise,
0,418 v/cm 14.0 mm hi 19=1 mm tl 0,585 V
0,418 v/cm 12,5 mm hi 17-6 mm tl O.523 V
0,390 v/cm 11,0 mm hi 16.2 mm tl 0.429 V
0.362 v/cm 11.3 mm hi 16.3 mm tl 0.409 V

Pulsed D.C.» 33 Hz, 5=0 msec, 10 C, sideways,
0,724 v/cm 6.4 mm tw 12 ,3 mm hi 0.463 V
O.78O v/cm 6, 0 mm tw 10.2 mm hi 0,468 V
0,752 v/cm 6 .5 mm tw 12.5 mm hi 0,489 V
Square Wave A.C ., 61 Hz,, 6.0 msec, 10 C, lengthwise.
0.195 v/cm 12,5 mm hi 17-5 mm tl 0.244 V
0.209 v/cm 12.8 mm hi 17.0 mm tl 0.267 V
0,209 v/cm 12,7 mm hi 17=6 mm tl 0,265 V

A.C ., 10 C, lengthwise. .

O.237 v/cm 12,3 mm hi 17=5 mm tl 0.291 V
0,237 v/cm 11.7 mm hi 16.9 mm tl 0.277 V
0.234 v/cm 12.8 mm hi 17-9 mm tl 0.299 V
D.C., 10 C, lengthwise.
0,167 v/cm 13-4 mm hi 19.0 mm tl . 0.224 V
0.209 v/cm 12.7 mm hi 17-6 mm tl 0,265 V
0.192 v/cm 12.8 mm hi 17-6 mm tl 0.246 V

Baetis sp.
Pulsed D.C. 9 33 Hz, 5-0 msec, 10 C, lengthwise.
0.808 v/cm 6.3 mm hi 11.5 mm tl 0-509 V0.864 v/cm 6.3 mm hi 11.2 mm tl 0.544 V0.864 v/cm 7-0 mm hi 11.5 mm tl 0.604 V
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Baetis sp» (Continued)

Square Wave A.C„, 61 Hz, 6.0 msec, 10 C, lengthwise.
0,585 v/cm 6 .6 mm hi
0.585 v/cm 7 = 3 mm hi
0.585 v/cm 7 = 1 mm hi
A a C 0 , 10 C, lengthwise.
0,474 v/cm 6.1 mm hi
0.435 v/cm 7=5 mm hi
0.393 v/cm 6.7 mm hi
B.C., 10 C, lengthwise.
0,418 v/cm 6 .5 mm hi
0,446 v/cm 6,2 mm hi
0.446 v/cm 6.3 mm hi

11 ,2 mm tl 0,386 V
13 .1 mm tl 0,427 V
12 ,8 mm tl 0.415 V

10.4 mm tl 0.289 V
11.5 mm tl 0 .3 26 V
1 2 .0 mm tl 0 .2 6 3 V

1 1 .1 mm tl 0 .2 72 V
1 0 .6 mm tl 0 .2 7 6 V
1 0 .5 mm tl 0 .2 81 V

Cinygmula sp.
Pulsed D.C.j, 33 Hz9 5<■ 0 msec, 10 C, lengthwise.

0.643  v  
0.579  v 0.562 v

0 „624 v 
0 . 5 H  v 
0 .5 66  V

J. V/ VJ.U / a U iUlU UJ. o  ̂ UUU 1>X 0 . 862 V
1 ,2 60  v/cm 8 , 2  mm hi 1 6 .1  mm tl 1.033 v
1,198 v/cm 7 = 6 mm hi 15 =2 mm tl 0 ,9 1 0  v
Square Wave A.C., 61 Hz, 6 , 0  msec, 10 C, lengthwise.
0 ,8 3 6  v/cm 7=8 mm hi 16.8  mm tl 0 .6 5 2  v
0,891  v/cm 8 . 6  mm hi 17.4  mm tl O.767 v
0,891  v/cm 7=9 mm hi 16.9  mm tl 0,704  v

0.919 v/cm 
0,891 v/cm 
0,891  v/cm
Pulsed B.C., 33
0=975 v/cm 
0.947 v/cm 
0.975  v/cm
Pulsed B.C., 33

7 = 0 -mm. hi
6,5 mm hi
6.3 mm hi

Hz, 5=0 msec,
6 .4 mm tw
5 .4 mm tw 
5=8 mm tw

Hz, 5=0 msec,

15=2 mm tl
11.5 mm tl10.0 mm tl

10 C, sideways
6,7 mm hi 5=6 mm hi 
6.2 mm hi

5 C, lengthwise.
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Ginygmula sp, (Continued)

A.C., 10 C, lengthwise-
1.280 v/cm 7 = 2 mm hi 16.1 mm tl 0.923 V
1.103 v/cm 7 = 1 mm hi 15 = 1 mm tl 0.783 V
1,500 v/cm 5=6 mm hi 10.1 mm tl 0.838 V

B.C., 10 C, lengthwise.
2.312 v/cm 7 = 0 mm hi 15 = 9 mm tl 1.618 V
1.894 v/cm 7.6 mm hi 17 = 0 mm tl 1 =439 V
2.339 v/cm 6,6 mm hi 12.6 mm tl 1.544 V

Hesperoperla pacifica 
Pulsed D.O., 33 Hz* 5 = 0 msec» 10 C, lengthwise
0.613 v/cm 
0.669 v/cm 
O .669 v/cm 
1.058 v/cm 
1.031 v/cm
1.003 v/cm

23 28
24 
11 
12 
12

>5
.3,0
.4

mm hi 
mm hi 
mm hi 
mm hi 
mm hi 
mm hi

3641

19
19

4 mm tl 
3 mm tl 

37=0 nrni tl 
17=4 mm tl 

.3 mm tl 

.9 mm tl
Pulsed B.C., 33 Hzj 5 = 0 msec, 10 C, sideways.
1.058 v/cm 
1.086 v/cm 
1.031 v/cm

14.0 mm tw 
13=5 mm tw 13=2 mm tw

26.3 mm hi26.5 mm hi
21.6 mm hi

Pulsed D.C., 33 Hz, 5=0 msec, 5 0, lengthwise.

,441 v 
.893 v ,606 v 
.204 v 
,268 v

1.244 v

1.481 v 1.466 v 
1.361 v

0.808 v/cm 21.6 mm hi 32.9 mm tl 1.745 V
0.822 v/cm 26,0 mm hi 37 = 8 mm tl 2.137 V
0.836 v/cm 23.0 mm hi 34.0 mm tl 1.923 V

Square Wave A.C., 61 Hz, 6,0 msec, 10 C, lengthwise <,
1,045 v/cm 28.9 mm hi 36,0 mm tl 3=026 V
1.184 v/cm 25.4 mm hi 37=4 mm tl 3.007 V
1.114 v/cm 29.1 mm hi 40.1 mm tl 3=242 V
1.170 v/cm 19 = 6 mm hi 30.6 mm tl 2.293 V
1.741 v/cm 8.5 mm hi 16,0 mm tl 1.480 V
1,281 v/cm 15=4 mm hi 27=4 mm tl 1 = 973 V
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Hesperoperla pacifica (Continued)

A 8 C 0 9 10 C, lehgthwise
0 = 435 v/cm 26,3 mm hi
0= 435 v/cm 28 =7 mm hi
0= 334 v/cm 24 =8 mm hi
1= 182 v/cm 11 =1 mm hi
0= 986 v/cm 14 =5 mm hi
0= 905 v/cm 12.8 mm hi
D = C 8 9 10 C, lengthwise.
0= 641 v/cm 26 =9 mm hi
0= 613 v/cm 28 =4 mm hi
0= 557 v/cm 24,6 mm hi
1= 184 v/cm 12 =8 mm hi
1,128 v/cm 13 =0 mm hi1= 170 v/cm 15 =0 mm hi

43=3 mm tl 1 = 144 V
43 = 7 mm tl 1.248 V
38.1 mm tl 0 = 829 V
10.0 mm tl 1=312 V
25=0 mm tl 1=430 V
21=8 mm tl 1 = 158 V

45.9 mm tl 1.724 V
45.4 mm tl 1 = 741 V
35 =6 mm tl 1=370 V
21 = 5 mm tl 1=516 V
22 = 0 mm tl 1=466 V
24=2 mm tl 1-755 V

Psychoglypha sub'borealis
Pulsed D.C., 33 Hzg 5 = 0 msec» 10 C, lengthwise„
0=585 v/cm 14.8 mm hi 0=866 v
0=529 v/cm 15=9 mm hi 0=942 v
0=585 v/cm 15=8 mm hi 0=924 v
Pulsed D.C.; 33 Hzs, 5 = 0 msec, 5 0» lengthwise =
0,613 v/cm 15 = 8 mm h i . 0,968 v
0,585 v/cm 16=0 mm hi 0=936 v
0=501 v/cm 16=0 mm hi 0=802 v
Square Wave A =C., 6l Hz9 6.0 msec» 10 C, lengthwise =
0=627 v/cm 17=7 mm hi 1=110 v
0=696 v/cm 15=4 mm hi 1=072 v
0,682 v/cm 15=1 mm hi 1.030 v
A.C ., 10 C9 lengthwise,
0=669 v/cm 17=0 mm hi 1=137 v0=710 v/cm 16=5 mm hi 1=172 v
0=730 v/cm 15=9 mm hi 1=161 v
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Psychoglypha subborealis (Continued)

D.C., 10 C, lengthwise,
0,5.15 v/cm 16s6 mm hi 0,855 v
0.543 v/om 14,9 mm hi 0,809 v0,4?6 v/cm 16 ,7 mm hi 0.791 v

Hesperophylax occidentalis
Pulsed B.C., 33 Hz, 5 °0 msec, j
1.337 v/cm 18.2 n
1.226 v/cm 18.2 n
1,114 v/cm 18,5 n
1.560 v/cm 17.4 n
1.198 v/cm 19.4 n
Pulsed B.C., 33 Hz, 9»5 msec, 3
1.003 v/cm 17.9 n
O .779 v/cm 18.0 n
O .779 v/cm 18.2 n
Pulsed B.C., 66 Hz, 5 = 0 msec, 3
0,947 v/cm 18.0 n
1.058 v/cm 16 ,1 i)
1.128 v/cm 18,0 e
Pulsed B.C., 66 Hz, 9.5 msec, 3
0.404 v/cm 19.2 mm hi 0.775 v
0.474 v/cm 18.9 mm hi 0.895 v
0,306 v/cm 19.3 mm hi 0 =591 v
Pulsed B.C., 3,3 Hz, 5 = 0 msec, 5 C, lengthwise.
1,727 v/cm 18.4 mm hi 3°178 v
1.616 v/cm 19.3 mm hi 3<>119 v
1.560 v/cm 17,8 mm hi 2=777 v
Pulsed B.C., 33 Hz, 5=0 msec, 10 C, sideways,
3=733 v/cm 6,7 mm tw 17.5 mm hi 2.501 v
3.760 v/cm 6.4 mm tw 16.9 mm hi 2.406 v
3.900 v/cm 6.5 mm tw 17.4 mm hi 2.535 v

C, lengthwise.
hi 2.433 v
hi 2.231 V
hi 2.061 V
hi 2.714 V
hi 2.324 V
C, lengthwise.
hi 1.795 vhi 1 ,4o4 v
hi 1.419 v
C, lengthwise.
hi 1.705 vhi 1.703 vhi 2.030 v
C, lengthwise.



Hesperophylax occidentalis (Continued)
Square Wave A „C „» 61 Hz, 6,0 msec, 10 C, lengthwise,
1.045 v/cm 1? o1 mm hi 1,787 v
1,003 v/cm 16,0 mm hi 1.605 v
1,017 v/cm 19.3 mm hi 1,963 v
A ,C ,, 10 C, lengthwise,
1,142 v/cm 18,6 mm hi 2,124 v
1,339 v/cm 17.4 mm hi 2,330 v
1,221 v/cm 18,0 mm hi 2.198 v
D.C., 10 C, lengthwise.
0.390 v/cm 17.4 mm hi 0.679 v
0.334 v/cm 18,5 mm hi 0.618 v
0.418 v/cm 18.5 mm hi 0,773 v



APPENDIX B

RELATIVE PROPENSITIES TO DRIFT OF TEST INSECTS

A. dissitus has a high propensity to drift in re
lation to Lenthie densities as inferred from data on a con- 
specific (Ulfstrand 1968)0

Baetis spp= have high propensities to drift in re
lation to benthic densities (Waters 1969)0

Cinygmula spp» have low propensities to drift in 
relation to benthic densities (Waters 1969; Brusven 1970; 
Lehmkuhl and Anderson 1972)„

Ho Pacifica has a low propensity to drift in rela
tion to benthic densities (Anderson 1967; Kroger 197^)»

P 0 subborealis has an intermediate propensity to 
drift in relation to benthic densities as inferred from 
data on a conspecific (Anderson I967)=

The propensity to drift of H. occidentalis has not 
been reported, however, since both H= occidentalis and P. 
subborealis have similar threshold voltages for D„C. and 
apparently both occupy similar niches, H, occidentalis is 
assumed to have an intermediate propensity to drift in 
relation to benthic densities.

4-3



APPENDIX C

INFERRED RELATIVE METABOLIC RATES OF TEST INSECTS

A. dissitus« high metabolic rate 
Baetis sp«i high metabolic rate 
Cinygmula sp.: high metabolic rate 
H, pacifica; low metabolic rate 
Po subborealis: intermediate metabolic rate 
H. occidentalis: very low metabolic rate

Metabolic rates have not been reported for any of 
the test insects, however, general relationships have been 
shown between species' micrdhabitat requirements and their 
metabolic rates (Fox and Simmonds 1933$ Fox et al„ 1935? 
Ulanoski and McDiffett 1972)„ Metabolic rates are generally 
highest for lentic species that are active swimmers (e.g., 
Baetis sp.) followed by lentic species that are clingers and 
seldom swim (e.g., Cinygmula sp.) and lotic species that are 
active swimmers (e.g., A. dissitus) and metabolic rates are 
lowest for lotic species that are sprawlers with low activ
ity levels (e.g., P. subborealis and H. occidentalis) when 
comparisons are made at similar temperatures.

Diurnal metabolic rates of H. Pacifica can be in
ferred to be even lower due to an absence of diurnal activ
ity which corresponds to greatly reduced metabolic rates 
(Hill 1976).
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4-5
Metabolic rates of Bastis nymphs and H. occidentalis 

larvae probably were reduced below normal during tests as 
they were not adapted to the cold test temperatures„ Ambi
ent temperatures were dropped 8 C for Bae.tis nymphs for 
tests and Fox and Simmonds (1933) showed that metabolic 
rates of Baetis rhodani nymphs were reduced by $0 percent 
when temperatures were reduced from 16 to 10 C „ Therefore» 
metabolic rates of Baetis nymphs at 10 C were similar to 
those of Ao dissitus and Cinygmula sp. as all three had 
similar threshold voltages for the pulsed currents» Even 
though Ho occidentalis larvae were collected at 10 C , they 
were probably adapted to higher summer temperatures as they 
had a much higher proportion of pupal cases in their fall 
population and four times more abdominal gills than P = 
subborealis» Therefore» metabolic rates of H. occidentalis 
were probably the lowest of all test insects which is re
flected by their low threshold voltages of the pulsed cun
rests and A.C.
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