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Drumming is first described for five North American

stonefly species, Acroneuria evoluta, Doroneuria baumanni,

Isoperla namata, Chernokrilus misnomus, and Pictetiella

expansa. Signals of Acroneuria lycorias, Phasganophora

capitata and Isoperla signata are further described. Drum-

ming was not recorded from Amhinemura delosa. Signals of

A. evoluta are the most complex yet recorded in Plecoptera.

Doroneuria baumanni, P. expanse, C. misnomus and P. capitata

have 2-way exchanges. Male D. baumanni produce two prolonged

beats by rubbing the hammer on the substratum; male-female

signals are non-overlapping in the first two species and

overlapping in the latter two. Female P. capitata answered

with an unusually long sequence of beats. Two male Isoperla

species produced monophasic calls without female answers.

Female A. lycorias answered taped male signals with mono-

phasic signals like all observed females.
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CHAPTER I

INTRODUCTION

Insect drumming involves the striking of body parts

against the substratum or sounds produced by up-down move-

ment of the abdomen. It has been shown to be a major avenue

of communication in arthropods, including termites

(Howse 1964), beetles (Tschinkel and Doyen 1976), ants

(Marke and Fuchs 1972), waterstriders (Wilcox 1979), spiders

(Stratton and Uetz 1981; Rovner and Barth 1981), and lace-

wings (Henry 1982), and seems to have evolved its most

diverse and complex form in the Plecoptera.

Drumming in Plecoptera was first described by Newport

(1851). It is a fixed-action behavior, presently inter-

preted as an acoustical communication evolved to enhance the

conspecific recognition by the sexes for mating. Early

reports of drumming were entirely descriptive (Briggs 1897;

MacNamara 1926; Jewett 1959), and only recently has it been

quantified and tested experimentally in European species

(Rupprecht 1967, 1969, 1972, 1976, 1982; Gnatzy and Rupprecht

1972; Rupprecht and Gnatzy 1974), and in New World species

(Zeigler and Stewart 1977; Szczytko and Stewart 1979 a,b;
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Snellen and Stewart 1979; Stewart et al. 1982 a,b; Stewart

and Zeigler 1984 a,b).

In Plecoptera drumming, males usually initiate the

communication by drumming once or several times before

females answer (Rupprecht 1967, 1969; Zeigler and Stewart

1977; Szczytko and Stewart 1979 a,b; Stewart et al. 1982

a,b; Stewart and Zeigler 1984 a,b). Mated females do not

answer male signals and often exhibit an avoidance response

by raising the abdomen to prevent copulation (Rupprecht

1967; Szczytko and Stewart 1979 a,b). Males usually search

for the female between calls and become more active after

the female response (answer). Females of most species

become stationary after communication establishment with

the male. Some may also search for the male (Rupprecht

1967; Zeigler and Stewart 1977; Szczytko and Stewart

1979 a,b; Stewart et al. 1982 a,b). Stonefly communication

can be 2-way (male-female), 3-way (male-female-male),

4-way (male-female-male-female) or interspersed (Stewart

and Zeigler 1984 a). Male calls may be monophasic or

diphasic, and are produced by the tapping or rubbing of

posteroventral portions or structures of the abdomen against

the substratum (Stewart and Zeigler 1984 a). Female answers

of all known species are simple monophasic signals.
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Drumming speed is temperature-dependent (Zeigler and

Stewart 1977; Rupprecht 1982) and, to some degree, indepen-

dent of body size. Although larger Pteronarcyidae have

slower drumming signals (Stewart et al. 1982 a), some

larger species of Perlidae such as Acroneuria carolinensis

(Banks), Acroneuria lycorias (Newman) and Calineuria

californica (Banks) have faster and more complex signals

(Stewart et al. 1982 b) than smaller species such as

Perlinella drymo (Newman) (Zeigler and Stewart 1977; Stewart

et al. 1982 b; Stewart and Zeigler 1984 a). Classical

evolutionary theory would predict greater signal specificity

between sympatric than allopatric species (Alexander 1962),

particularly where species are closely related and emergence

overlaps.

The drumming behavior of approximately 38 North Amer-

ican species is now known. A tremendous amount of additional

research is needed, since the Plecoptera are represented in

North America by approximately 93 genera and 580 species. In

all the studies cited above, drumming has been species-

specific, and represents a fixed-action pattern. Dialects

are known for at least two species (Rupprecht 1972 a; Stewart

et al. 1982 a).

w
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Additional study, in genera and species where

drumming is unknown, will help to reveal the extent of

variation between related species and between higher taxa.

This will be important in furthering our understanding of

the basic biology and communication mechanisms in Plecoptera

and will provide behavioral data that can potentially be

used as an additional line of evidence (Ross 1974) for:

(1) delineation of closely related species and cryptic

species (morphologically inseparable), (2) making phylo-

genetic inferences (Zwick 1973), leading to a better classi-

fication in Plecoptera, and (3) reaching a more complete

understanding of insect communication mechanisms in general.

Particular species that were studied were as follows:

Perlidae:

Subfamily Acroneuriinae

1. Acroneuria evoluta Klapalek - Oklahoma

2. Acroneuria lycorias (Newman) - Michigan

3. Doroneuria baumanni Stark and Gaufin - California

Subfamily Perlinae

4. Phasganophora capitata (Pictet) - Oklahoma

Perlodidae:

Subfamily Isoperlinae

5. Isoperla namata Frison - Oklahoma
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6. Isp2erla signata (Hagan) - Oklahoma

Subfamily Perlodinae

7. Chernokrilus misnomus (Claassen) - Oregon

8. Pictetiella expansa (Banks) - Utah

Nemouridae:

Subfamily Amphinemurinae

9. Amphinemura delosa (Ricker) - Oklahoma



CHAPTER II

MATERIALS AND METHODS

Collecting and Rearing:

Stoneflies were collected as late-instar nymphs and

reared to adults in styrofoam containers kept in environ-

mental chambers, or in wire cages kept in a living stream.

Collection data are as follows: (1) Acroneuria evoluta

Klapalek, Battle Cr. and Flint Cr., Delaware Co., Oklahoma,

V-1983, 10-VI-1983, J. Stanger, M. Maketon, and M. Ernst,

(2) Acroneuria lycorias (Newman), 1 mi. W. Afton, Hwy. 68

bridge, Cheboygan Co., Michigan, 22-V-1982, B. P. Shepard,

(3) Doroneuria baumanni Stark and Gaufin, Big Spring Cr.,

Mt. Shasta City Park, Siskiyou Co., California, 8-V-1982,

25-V-1983, 25-VI-1983, K. W. Stewart, B. P. Stark, D. D.

Zeigler, and B. P. Shepard, (4) Phasganophora capitata

(pictet), 5 mi. E. Kansas Bridge, 1 mi. N. Hwy. 33, 25-V-1982,

B. P. Shepard; Battle Cr., Delaware Co., Oklahoma, V/VI-1983,

J. Stanger, M. Maketon, and M. Ernst, (5) Isoperla namata

Frison, Battle Cr., Delaware Co., Oklahoma, III/IV-1983,

M. Ernst, (6) Isoperla signata (Hagen), Battle Cr., Delaware

Co., Oklahoma, IV-1983, (7) Chernokrilus misnomus (Claassen),

6
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Parker Cr. C.G., Mary's Peak, nr. Corvallis, Benton Co.,

Oregon, 24-V-1983, K. W. Stewart and S. W. Szczytko, (8)

Pictetiella expanse (Banks), So. Fk. American Fk. Riv., So.

Fk. Ranger Station, Utah Co. Utah, 31-VII-1982, K. W. Stewart,

and (9) Amphinemura delosa (Ricker), Battle Cr., Delaware

Co., Oklahoma, V/VI-1983, M. Ernst.

Light and temperature regimes of the rearing chambers

were set to approximate stream conditions near the emergence

time of each species. Virgin adults were removed and separ-

ated into small vials plugged with cotton and maintained in

environmental chambers until 1 or 2 hours before observation

and/or recording of drumming.

Audio Recording and Oscilloscope Methods:

Signals were recorded using the method described by

Zeigler and Stewart (1977) or a more recent innovation of

that method utilizing a separated sound chamber and a stereo

recorder (Stewart and Zeigler 1984 a,b). The basic method

utilized: (1) a quality cassette recorder (Sony TC-142 or

a Superscope C202LP), (2) a Sony ECM-95S Electret Condenser

Microphone, and (3) a divided "drumming chamber" constructed

of heavy manilla file folder paper (2x5x7.5 cm), with a

transparent plastic petri plate cover to allow observations
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into the male and female compartments (Fig. 1). Vibrations

were transmitted via the floor between the two compartments,

allowing effective communication between the male and female.

The microphone rested 2-3 mm below the chamber, which rested

on foam rubber supports (Fig. 1).

Most signals were recorded utilizing the more advanced

system, housed in a sound separation chamber (Figs. 2, 3).

This system was comprised of two separate manilla drumming

chambers, two microphones and a stereo recorder (Superscope

CD-320). The separate manilla chambers were used to contain

the male and female. A small wooden dowel passed through a

small hole in the sound isolation partition and connected

the two chambers to allow vibrations to pass between the two

chambers. Male and female signals were recorded on separate

channels to facilitate distinction of male and female beats,

especially in instances where signal overlap occurred.

Temperature and light conditions in the laboratory

during recording were monitored, using a Kahl Model 268 WA.

620 light meter. Where possible, a minimum of 10 recordings

from at least 5 pairs of each species constituted a minimum

data set, so that variation within and between pairs could

be analyzed.
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Fig. I--Basic Monaural recording equipment.

Fig. 2--Stereo sound isolation chamber and Superscope
CD-320 stereo cassette recorder.

Fig. 3--Top view of sound isolation chamber with
lid raised.
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All recordings were played into a Tektronix 5111

storage oscilloscope, and the resultant signals were

measured. Selected signals were photographed with a Polaroid

CR-9 Land Oscilloscope Camera.

Particular attention was given to characterizing the

following parameters: (1) number of beats of male and fe-

male per signal, (2) beat intervals (distance between actual

beats, in milliseconds), (3) exchange interval in milli-

seconds (distance from the last beat of the male signal to

the start of the female answer, or last beat of the female

answer to the start of the male response), (4) interphase in

milliseconds (distance between last beat of first phase to

first beat of the second phase of male signal), and (5)

Male or female beat or signal duration in milliseconds.

Signal-specificity experiments consisted of subjecting

groups of 5-10 live females of a given species to at least

10 recorded male signals of the same and other species.

Males of other genera, within and outside the female's

family, and males of congeneric species, were tested. In

circumstances where females responded at least in part to

the wrong male signals, experiments were repeated to

determine the degree of response, and females were tested

against their own males as a control.

;



CHAPTER III

RESULTS AND DISCUSSION

Of 9 species that were tested, 8 were successfully

recorded in drumming experiments. These included 4 species

in the family Perlidae and 4 species in the family Perlodidae.

No signals were recorded from one species studied in the

family Nemouridae.

Perlidae:

Most of the stoneflies from this family that have

been reported are frequent drummers; the drumming of 15

species is known. In Europe, Rupprecht (1967, 1969, 1982)

described the signals of 3 species, including 2 Perla and

Dinocras ce9halotes. In North America, Zeigler and Stewart

(1977) and Stewart et al. (1982 b) described the signals of

the following 10 perlids: 3 Paragnetina, 4 Acroneuria

(including male Acroneuria lycorias), Perlinella d ,

Hesperoerla pacifica, and Claassenia sabulosa. Graham

(1983) recently described the drumming signals of the 3

Wisconsin species, Paragnetina media, A. lycorias and

Phasganophora capitata.

12
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Acroneuria evoluta

Pairs were tested at 23-250 C with light at 0 and 60

ftc, but signals were obtained only at the 60 ftc level from

4 of the 5 males (6-20-days-old) and 5 of 12 females (12-19-

days-old). No drumming was obtained from males less than

6-days-old or females less than 12-days-old (except one late-

emerging female that answered a taped male call at 3-days-

old).

The male call of A. evoluta was diphasic, like

Acroneuria abnormis, A. carolinensis and A. lycorias (Stewart

et al. 1982 b), but the first phase was of 3 different types,

based upon how the signals were produced: (1) type A was the

typical first phase, produced by the male tapping the abdomen

on the substratum as in most other stoneflies, (2) type B

was a call produced by the hammer being rubbed forward on the

substratum, and (3) type C was produced by the male first

tapping, then rubbing the substratum (Table 2, Figs. 4, 5,

and 6).

Type A signals (Fig. 4) had a x of 9.5+2.0 beats

(mode 9) with intervals of 48.9+7.3 msec. There was occa-

sionally a low amplitude beat at the beginning of the phase,

separated from the other group of beats by 166.9+81.6 msec.

The duration of the first phase and the interphase between
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this first phase to the second phase was 525.8+150.9 and

869.8+123.0 msec, respectively. The type B male first

phase (Fig. 5) was produced by 3 of the 4 males, and usually

was observed after the female answered. The oscilloscope

tracing of this type was continuous, peaks were spaced at ca.

1-2 msec intervals, and duration was 559.8+216.8 msec. The

interphase between these first phase signals, and the second

phase was 1224.1+195.5 msec (Table 2, Fig. 5). Type C male

signals (Fig. 6) were observed from only one male, 6-days-

old, and occurred both before and after the female answered.

These signals were highly variable with the tapping portion

made up of 6.3+2.8 beats. The first interval was 266, msec,

and the short intervals were 53.8+7.8 msec. The rubbing

second portion of this phase had a duration of 181.3+31.0

msec, and was separated from the tapping portion by 38.5+

21.3 msec. The interphase between the first and second

phases of the type C male signal was 932.0+177.2 msec

(Table 2, Fig. 6). The female seldom answered this type

signal, and the male adjusted to a type A call.

The male second phase signal was fairly constant with

3.6+0.2 beats (mode 4), and x beat intervals of 23.6+2.9

msec. Twenty-four of the 100 male calls were composed only

of the second phase. Of 39 female answers, 20.5 per cent
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were in response to 22 aborted male calls (Table 3), leading

to the possibility that this portion of the male call has

informational content of primary importance for females.

Live females became unavailable before this analysis was

made, so follow-up by further testing of experimental groups

of females with aborted parts of male signals was not possi-

ble. The diphasic nature of the call and the variable types

of the first phase make the male signals of A. evoluta one

of the most complex yet reported for stoneflies.

Females answered males with a monophasic signal,

257.4+53.6 msec after the end of the male second phase.

These answers had 4.8+1.5 beats, with beat intervals

increasing from 43.7+3.4 to 55.9+3.6 msec (x 48.0+4.2).

The typical exchanges in this species were 3-way, with

the male responding to the female answer after 258.1+31.4

msec, with 5.9+0.8 beats (mode 6) with intervals increasing

from 45.7+4.6 to 58.0+7.1 msec (x 48.3+3.8). Forty-four of

the 100 male signals had the typical male response, even

though females did not answer the call.

Males actively searched for females during the

exchanges, while females became stationary. Amplitude of

the first phase of the male signal and the male response were

usually greatest at the middle. Amplitude of the female
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answers usually progressively increased (Figs. 4, 5, 6).

Male and female A. evoluta did not respond to taped

drumming signals of the congeneric A. abnormis, A. lycorias,

and A. carolinensis. Although their signals have the same

general pattern, the first phase of A. evoluta was markedly

different in number of beats and beat intervals from all

these other species (Stewart et al. 1982 b). The A. evoluta

female signal was closest to A. lycorias.

Acroneuria lycorias

Recordings were made at 23 0 C and 60 ftc, by playing a

male diphasic signal from a tape recorded by D. Zeigler in

May, 1978 (Stewart et al. 1982 b) to 5 females 6-9-days-old.

Answers, recorded from the 5 females, were monophasic, con-

sisting of mode 4 and 5 beats, x of 5.8+1.3 and range of

3-10. Beat intervals had a X of 50.9+7.6 msec. These

female answers followed the last beat of the male signal by

x 527.3+65.6 msec (range 306-667) (Table 1, Fig. 7). Females

always became stationary after receiving and responding to

the initial male signal.

Graham (1983) reported the male diphasic signal with a

x of 28.44+9.62 and 4.29+1.21 beats in the first and second

phases, respectively. Beat intervals of the first and
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Fig. 4--Acroneuria evoluta 3-way exchange, with male
type A call at 23 C/60ftc.

Fig. 5-- (A) Acroneuria evoluta 3-way exchange, with
male type B call at 23 C/60 ftc; (B) First phase of call
magnified at 10 msec.
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Fig. 6--(A) Acroneuria evoluta 2-way exchange, with
male type C call at 23 C/60 ftc; (B) First phase of call
magnified at 50 msec.

Fig. 7--Acroneuria lcorias live female answering
taped male signals at 23 0 C/60 ftc.
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second phases were 17.14+6.35 and 16.13+5.84 msec, respec-

tively. In her females, beats ranged from 3-7, with a x of

5.50+1.18. Beat intervals had a x of 28.54+4.97 msec, and

the female answer followed the last beat of the male by

503.96+15.75 msec. Her number of male beats roughly

corresponded with the Stewart et al. (1982 b) report that

was based on only 3 signals from one male. However, her

male and female beat intervals are only about half those

recorded by us (Stewart et al. 1982 b for male; current

study for female). We have no explanation for this descrep-

ancy, except the possible low number of male signals recorded

by us, and therefore failure to detect variation (or that one

male could have produced aberrant signals?). However, neither

this nor geographic variation (our females were from Michi-

gan) can account for the large difference in the female signals

from the two studies.

Doroneuria baumanni

Eight calls were recorded in 1982 from one reared 3-day-

old male at 270 C and 60 ftc. There were 2 beats spaced at a

x 150.3+20.6 msec interval (Table 5).

Forty additional signals from 3-1982 males, 6-8-days-

old, and 86 signals from 9-1983 males, 1-4-days-old, were



22

recorded at 22-250 C and 60 ftc. Males had a simple, mono-

phasic call of two prolonged beats (x 2.0+0.0), spaced at

x intervals of 184.2+11.4 msec (Tables 1, 4, 5, Figs. 8, 9).

As in Calineuria californica males (Stewart et al. 1982 b)

from this same family, D. baumanni males produce their

typical prolonged beats by rubbing the hammer forward on the

substratum, in effect producing a "hammer-substratum stridu-

lation" (Stewart and Zeigler 1984 b). This was confirmed by

closeup, slow-motion cinema sequences filmed during male

drumming. This produces a continuous tracing on the oscillo-

gram (Fig. 8B). The duration of the first and second rubs

were 66.2+15.0 and 96.7+12.8 msec, respectively, and the

peaks of the rub oscillations in both were spaced at inter-

vals of about 1-4.8 msec.

Males drummed more frequently after communication estab-

lishment with females (30 signals/5 min), than before (3-5

signals/0.5 h). Males of this species were able to hold to,

and drum on, the plastic petri cover of the manilla box.

However, an additional 80 signals from 6 of the same 1983

males recorded on the plastic differed from those on the

manilla box in that the call was sometimes reduced to a

single rub (x 1.8+0.6), and the beat interval was much more

variable (7 181.8+38.8 msec) (Table 4). This was probably
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due to the slippery surface, and, consequently, decreased

ability to keep proper footing.

In prolonged communication, some males produced a vari-

ant signal by striking the hammer on the substratum 2-3 times,

with intervals of 50-100 msec (Fig. 10); females never

answered these signals. Five females answered male calls

after 203.3+33.6 msec with 9.1+0.7 beats (range 6-14) at

increasingly spaced intervals from 108.9+5.7 to 174.9+9.6

msec (average x 129.6+5.0 msec) and fairly constant amplitude

(Tables 1, 4, Fig. 9). They answered recorded and live male

calls at a high rate and remained stationary after communi-

cation establishment while the male searched within his box.

Females that answered the aberrant male calls on the plastic

lid produced a different number of beats than those answering

males drumming on the box. They had a 7 of 6.0+1.3 beats

(range 3-9), with beat intervals of 130.1+6.6 msec, and the

answer followed the last beat of the male call by 239.4+85.5

msec (Table 4). This phenomenon is difficult to explain, ex-

cept that perhaps the female produces a less distinct signal

due to possible hesitation from insufficient reinforcement

of a proper male call.

Two females produced 24 signals at 23.5-24C and 60 ftc,

in the absence of a male stimulus. These signals were of

, . s
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fewer beats ( 4.5+1.3, mode 1, range 1-12), with x beat

intervals of 137.9+10.8 msec (Table 4, Fig. 11), than those

above that were in answer to male calls. Female signals in

the absence of male calls have been observed in few instances

in studies of stonefly drumming (Stewart and Zeigler 1984 a).

This could be a derived behavioral character that might

stimulate initiation of an exchange with males. We did not

observe whether a female-initiated signal might stimulate a

male to begin calling.

Another interesting observation was that a 1-day-old

female that emerged very late (70 days after collection)

produced 10 signals without any male stimulus. These sig-

nals were considered aberrant, with 2 mode beats (x 2.2+1.2,

range 1-5) spaced at relatively "normal" 160.4+20.7 msec

intervals. Eleven answers from this same female, to 11 male

calls produced on the box, were also aberrant with 6 mode

beats (x 6.3+0.7, range 5-7) and intervals spaced at 135.5+

29.0 msec. These answers followed calls after 233.5+50.1

msec. Nine answers from this female to 9 male calls produced

on the plastic lid had 3 mode beats (x 2.9+1.2, range 1-5)

with intervals spaced at 139.1+15.5 msec, and she answered

the calls after 346.2+71.9 msec (Table 4). This suggests

that females kept for long periods of time as nymphs under
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Fig. 8--(A) Doroneuria baunanni 2-rub male call at
220 C/60 ftc; (B) Second rub magnified at 10 msec.

Fig. 9--Doroneuria baumanni 2-way exchange at
22-230 c/60 ftc.
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Fig. l0--Doroneuria baumanni male signal after
prolonged communication at 24.5 C/60 ftc.

Fig. ll---Ioroneuria baumanni female signals without
male call at 23.50 C/60 ftc.

z i II. .. :
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laboratory conditions may produce uncharacteristic signals

of little value in analyzing the behavior of the species.

Six female D. baumanni lived a shorter time (3.7+1.4 days)

than 13 males (8.2+2.6 days) under laboratory conditions,

even with experimental manipulation. Only mated females

laid a cluster of eggs after 1-2 days.

Phasganophora capi_ ata

Nine calls were recorded in 1982 from one reared male.

0
Those recorded at 23 C had 43.3+3.6 beats with 204.0+11.7

msec intervals, and those recorded at 280C had 39.6+2.6 beats

with 170.9+19.6 msec intervals (Table 5). A similar effect

of temperature on beat intervals and signal duration was

reported for Perlinella drymo by Zeigler and Stewart (1977).

In 1983, several pairs from Delaware Co., Oklahoma,

were reared and tested at 23-24 C, and 50-60 ftc of light.

Signals were obtained from 4 males, 4-9-days-old, and 3 fe-

males, 2-6-days-old. Males produced calls in the absence of

female answers with 24.4+2.7 7 beats (mode 25, range 16-26)

(Fig. 12). After communication was established with females,

the male signals changed significantly to fewer beats of

3x 14.0+5.5 (modes 16, 17, range 4-21) (Table 1, Figs. 13,

14). Beat intervals changed from x 379.3+16.5 to 411.9+19.9

msec as communication with females was established. This

- - - ---- ----- -
--- -
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could represent an energy conservation adaptation, once the

males establish audible contact with females, fewer beats

might be necessary to locate the female. This assumes that

females can "read" the change in the male call. Generally,

the amplitude of the male signal increased at the middle, but

was usually greater than that of the female.

Males were very active in searching during the extra-

ordinarily long female answer (see below) and frequently

walked and attempted to fly in the chamber. This was corrob-

orated by field observations on June 12, 1983, at Battle

Branch, Delaware Co., Oklahoma. Males were very active in

the afternoon, drumming frequently on jewelweed (Impatiens

sp.), sycamore (Plantanus occidentales) and other plant

stems or occasionally on the midribs of leaves. They often

jumped from one plant to another, apparently searching for

females or repositioning themselves on another plant for

additional calling.

Female answers were monophasic, consisting of a com-

paratively long sequence of 3x 145.1+54.5 beats (range 55-240)

spanning a x 61.5+24.5 sec (range 27-109 sec). With only one

exception (Fig. 14), this signal was always initiated before

completion of the male call (Fig. 13). The fastest response

by one female began after only the third beat of a male call.
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Female beat intervals had a x 418.1+33.5 msec (Table 1,

Figs. 13, 14) and were uneven with relatively long variation

(x 361.3+59.2 msec intervals 1-3; 311.3+39.8 intervals 10-13;

333.9+47.4 intervals 50-53; 1551.2+604.3 last 3 intervals).

This long female answer is similar to female Paragnetina

kansensis (Stewart et al. 1982 b), and, in both species,

seems to be a derived character (Watrous and Wheeler 1980)

perhaps resulting in increased efficiency in ability of the

male to locate the female (eg. less time and energy expen-

diture). This characteristic has only been observed in these

two Perlidae species out of about 50 known Nearctic stonefly

species signals (Stewart and Zeigler 1984 b).

Females became stationary after initial exchanges with

males, but after 1-2 h without mating (actually prevented

here by partitioned chambers), females moved to another

position, re-established communication with the male, then

became stationary again. This may suggest that in natural

situations, likelihood of successful mating is lessened with

increased duration of drumming exchange, perhaps due to:

(1) less "fit" males (or weak, aged ones), or (2) mechanical

impediments to successful searching by the male (example:

male and female on separate plants, resulting in shorter

distance of signal transmission and potential orientation
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Fig. 12s--hsganohphra capitata long male drumming
signal when female does not answer at 23.50C/60 ftc.

Fig. 13--Phasgajophora capitata 2-way exchange when
signals overlap at 24 c/60 ftc (beginning portion of
female signal).

.
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difficulties or inability by the male; Stewart and Zeigler

1984 b). This response of changing position by the female

might also lessen susceptibility to predation. In such a

situation, probability of the female being found by the

male is increased by her periodic repositioning for the same

or different males. A similar behavior was observed in

Taeniopteryx nivalis by Stewart and Zeigler (1984 a).

Both male and female drumming signals reported here

for the Oklahoma population had much greater beat intervals

than Wisconsin pairs reported by Graham (1983) at approxi-

mately the same temperature. She reported male beats and

beat intervals of 19.8+3.6 and 105.8+48.5 msec, respectively,

and a . female beat interval of the first part of the female

signal of 42.9+8.7 msec. Drumming in P. capitata, therefore,

is 2-way with slow intervals and long duration of the female

signal.

Perlodidae:

The drumming of 23 species in this family is now known.

In Europe, Rupprecht (1969, 1972, 1981) described the sig-

nals of 6 species, including 4 Isoperla and 2 Diura species.

In North America, Zeigler and Stewart (1984 a,b) described

the signals of the following 10 species: Isogenoides zionen-

sis, Cascadoperla trictura, Hydroperla crosbyi,
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Calliperla luctuosa, Helopicus nalatus, Isogenoides elongatus

and 4 Isoperla. Graham (1983) recently described drumming

of 7 species: 4 Isoperla (including Isoperla signata,

Clioperla clio, Hydroperla fugitans and Isogenoides frontalis.

Isoperla namata

Pairs were tested at 23-24 C with light at 0 and 60

ftc, but signals were only obtained at the 60 ftc level from

4 of 36 males, ranging from 1-6-days of age. No answers

were obtained from 41 females tested.

Males exhibited a variable, monophasic signal of 6 mode

beats (x 10.0+3.3, range 6-27), with fairly consistent 7

beat intervals of 571.8+13.4 msec (Table 1, Figs. 15, 16).

Signal amplitude usually progressively increased. This male

signal had a slower inter-drumbeat duration than any other

species of stonefly reported in the literature.

Like Isoperla signata males from the same locality,

male I. namata were very active, often producing consecutive

call signals without stopping to a fixed position between

calls, as reported for Isoperla quinquepunctata (Szczytko

and Stewart 1979) (Fig. 16). This may account for the

relatively greater variation in signals of these 2 species

when compared with somewhat less active species such as

I. quinguepunctata and generally species of Pteronarcyidae
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(Stewart et al. 1982 a) and Perlidae (Stewart et al. 1982 b).

The signals of male I namata are distinctly different from

those of its congener I. signata from this locality, parti-

cularly in the beat intervals, that are roughly 2 orders of

magnitude longer.

Females of I. namata were more active when they

"listened" to the male calls. In many cases, while the male

called, females became motionless, then between calls re-

sumed active movement like female Isoperla grammatica

(Rupprecht 1967). It could be possible that female I. namata

do not answer males, but are stimulated to search when they

call. Female I. namata showed no response to the male calls

of I. signata played to them from a tape.

Fifteen of 36 reared males and 16 of 41 reared females

were kept in vials containing flowers, in an environmental

chamber set at 10-13 C and photoperiod LD 15:9 h; the re-

mainder of males and females were kept under the same

conditions without flowers. Males kept with and without

flowers lived about the same number of days, xE 10.35 and

10.47 days, respectively. However, females with flowers

lived a xf of 17.38 days, while those without flowers survived

a 3x of only 12.28 days. A Student's t-test of these date

showed no significant difference in longevity of males with
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Fig. 1 5--Is perla namata male normal signal at
23 C/60 ftc.

Fig. 16--Isoperla namata sequence of male signal
at 230 C/60 ftc.
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or without flowers, but significantly greater longevity of

females with flowers over females without flowers. These

observations are consistent with an essentially uninvesti-

gated hypothesis by several investigators, largely through

casual field observations. Eastern male Isoperla species

are short-lived, dying soon after mating with females, and

mated females move up into the riparian canopy where they

feed on pollen and their eggs mature. Another corroborating

observation for this by Szczytko and Stewart (unpublished)

is the absence of mature eggs suitable for SEM study in

hundreds of eastern Isoperla females of several species that

have been examined from numerous localities.

Isoperla signata

Pairs were tested at 230 C with light at 0 and 60 ftc.

Signals were obtained only at 60 ftc from 2 of 3 males

ranging from less than 1-day to 6-days of age. No response

was obtained from 6 virgin females tested.

Males exhibited a variable, monophasic signal of 4 mode

beats (x 5.3+1.0, range 2-15), with fairly consistent x beat

intervals of 225.7+2.2 msec (Table 1, Figs. 17, 18). Males

were very active, often producing consecutive call signals

while "on the run", without stopping to a fixed position be-

tween calls as has been reported for Is9operla quinquipunctata
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(Szczytko and Stewart 1979) (Fig. 18). The signal amplitude

increased as it progressed.

These signal characteristics are generally similar to

Graham's (1983) data from Wisconsin I. sinata males, whose

beats were 4-5, with x intervals of 190.0+10.6 msec. However,

beat intervals between these two populations seem to be sub-

stantially different, and, unlike the Oklahoma males,

Wisconsin males drummed only under 0 ftc conditions. This

could be accountable to behavioral variation of the signals

(dialects) and diel periodicity of drumming activity in the

two widely-separated populations. Dr. S. W. Szczytko has

examined specimens from the Oklahoma population, and deter-

mined them as I. signata, but in light of the relative

morphological homogeneity of species in the large genus

Isoperla and the noted variation in the Wisconsin and Okla-

homa populations, a further morphological and drumming

behavior investigation is needed to resolve whether both

populations are I. signata, displaying behavioral (and

perhaps subtle morphological?) variations, or the 2 popu-

lations actually represent different cryptic or at least

morphologically similar species. This is a good example of

types of systematic questions that drumming behavior evidence

may help resolve (Stewart and Zeigler 1984 b).
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Fig. 17--Isoperla signata male normal signal at
230 C/60 ftc.

Fig. l8--Isoprlaj inata sequence of male signal at

230 C/60 ftc.
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The females of this species were more active when they

heard the male drumming signal. In many cases, while the

male drummed, females stopped to listen and then often

searched actively after drumming of the male was established,

similar to female I. grammatica (Rupprecht 1967) and

I. namata, and occasionally fluttered their wings. It could

be possible that females of this species do not answer male

drumming signals but will search for the male. The females

of I. signata gave no response to the male drumming signals

of I. namata from the same locality played from a tape.

Chernokrilus misnomus

Two pairs were tested every day after emergence at 22-

23.5 C and 60 ftc of light. Males produced monophasic sig-

nals of 8, 10 and 11 mode beats (x 8.8+2.3, range 6-11) and

beat intervals of 494.5+7.5 msec when they were 2-4-days of

age (Table 6). Amplitude of beats was approximately even

throughout the signal, and the frequency of drumming was 1-2

signals/0.5 h. At that time, the two females were 9-10-days-

old and did not respond to male signals.

Signals produced by these same males at 5-6-days of

age had 9 mode beats (7 8.1+1.8, range 5-11) and x beat inter-

vals of 400.9+35.7 msec (Table 1, Fig. 19). The intervals
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were relatively even, ranging from x 411.7+50.8 msec (first

interval) through 397.4+24.7 (third interval) to 413.1+25.3

msec (last interval). In several instances, a low-amplitude,

double impulse appeared on the oscilloscope tracing at the

beginning of the male signal (Fig. 20). This was barely

audible when listening to tapes and could have represented a

leg shift or light touching of the abdomen on the drumming

box prior to the initial drumbeat. Also, a continuous

impulse, probably produced by a scratching motion (perhaps

sliding of a claw, etc.?), immediately preceeded or followed

a few signals. Neither of these inconsistent impulses were

considered a part of the male drumming signal. Males

drummed at a frequency of 70 signals/0.5 h during exchanges

with females.

The two females answered male calls with 1 or 2 mode

beats (x 1.7+1.0, range 1-5) having x intervals of 413.9+

49.8 msec (Table 1, 6, Fig. 19). The beat interval of the

typical female signals approximated that of the male last

beat intervals at about 413 msec (male 413.9; female 413.1).

This response always began before completion of the male sig-

nal, usually within its last two intervals (Fig. 19). Ten

of the total 11 female answers were from one female. She

answered male calls intermittently and became stationary

_ a
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Fig. 19--Chernokrilus misnomus 2-way exchange at
220 C/60 ftc.

Fig. 20--Chernokrilus misnomus male call with extra,
low-amplitude impulses, probably caused by leg movements,

at 230 C/60 ftc.
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after responding the first time. Amplitude of the female

signals increased, but was always less than that of the male.

In comparison with other known perlodid signals,

C. misnomus is closest to Clioperla clio (Graham 1983), in

which 7 male beats and intervals were 9.1+4.2 and 357.0+

199.0 msec, respectively, and x female beats and intervals

were 1.5+0.7 and 275.5 msec, respectively. Female signals

overlap those of the male in both species. Drumming in

C. misnomus can generally be described as a 2-way communi-

cation with overlapped male-female signals.

pictetiella expansa

Only one pair was successfully reared from the large

group of nymphs collected in Utah in 1982. The male drummed

when 1-8-days-old at 21-23 0C and 60 ftc. His calls were

monophasic with a x of 13.3+0.7 (mode 13) beats at relatively

constant x 32.2+1.0 msec intervals (Table 1, Fig. 21). The

number of beats changed little from the first two days (x

13.6+0.8 beats at 7 31.5+1.2 msec intervals) when the female

was unavailable, to the fifth to seventh days (x 13.7+0.8 and

12.5+1.5 beats at x 31.9+3.0 and 32.9+2.4 msec intervals,

respectively) when the 1-3-day-old female was participating

in exchanges. The frequency of male calling increased from
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5-6 signals/0.5 h without female answers, to 34 signals/5

min after male-female exchange was established. The age of

males also affected this rate. At 5-days-old, the frequency

of calling was 38 signals/5 min, and 7-days of age it was

30 signals/5 min. As the male aged, the number of beats/

signal remained relatively constant (13.6+0.8 first two days

to 13.0+0.8 at 8-days of age); however, beat intervals over

that same period increased from 31.5+1.2 to 33.3+2.2 msec

(Table 6) .

The 1-day-old female answered the 5-day-old male calls

with a monophasic signal of x 6.7+2.9 beats and x 54.0+9.8

msec intervals (Table 1, 6, Fig. 21). Beat intervals

increased as the signal progressed (x 46.3+3.4 msec first

interval to x 71.1+11.2 msec last interval). The answer

followed the last beat of male signals by x 244.8+97.0 msec.

At 3-days of age, the female signals, in answer to the 7-day-

old male, became very faint and hardly recognizable on tape.

Only two signals could be measured, and they averaged 7.0+

1.4 beats with x intervals of 54.4+9.0 msec (increasing from

52.0+15.6 to 66.5+4.9 msec), and they followed the male call

after an interval of 304.0+1.4 msec (Table 6). Amplitude of

both male and female signals were greatest in the middle.

Males and females drummed readily in the chambers with no
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inducement, and males searched throughout the observed ex-

changes. The females answered almost every male call early

in the exchanges and became stationary after receiving the

first male signals. The monophasic male calls of this species

are atypical of the grouped or diphasic call pattern reported

for known species in other Perlodinae genera (Diura bicauda

and nanseni, Rupprecht 1972; isogenoides z on s, Stewart

and Zeigler 1984 a; ydroperla crosby1, Zeigler and Stewart,

unpublished; Hydroperla fugitans, Graham 1983).

Nemouridae:

Nemurella picteti and Amhinemura sulcicollis are the

only two species in this family whose drumming has been

reported by Gnatzy and Rupprecht (1972) and Rupprecht (1982),

respectively.

Aphinemura delosa

Approximately 10 pairs of Amphinemura delosa were

tested in the laboratory but no drumming was observed or

recorded.
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CHAPTER IV

CONCLUSIONS

Virgin adults of nine Nearctic stonefly species were

tested for drumming, using proven rearing methods and re-

cording techniques. Four species in each of the families

Perlidae and Perlodidae drummed, but signals were not ob-

tained from pairs of the nemourid Amphinemura delosa.

As in most Plecoptera, males initiated the drumming

exchange with females, except in a few instances in

Doroneuria baumanni, where females began drumming without

having received a male call or other deliberate artificial

mechanical stimulus. Stewart and Zeigler (1984 a) reported

this same phenomenon in three species of the family

Peltoperlidae, Soliperla fenderi, Soliperla quadrispinula and

Soliperla sierra. Such calling by females could be a de-

rived behavioral character to inform males of their presence,

which might be advantageous under several circumstances,

including situations where males are at low densities.

Males of most stonefly drummers produce the call sig-

nal by tapping the substratum with unspecialized postero-

ventral portions of the abdomen or with a vescicle or hammer.
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Stewart et al. (1982 a) reported for the first time a

species, Calineuria californica, in which the male produced

the call by rubbing the hammer on the substratum. In this

study, two species in the same family, Perlidae, Doroneuria

baumanni and Acroneuria evoluta produced their calls also

in this manner, at least part of the time. Male D. baumanni

produced two prolonged beats by two forward rubs of the

hammer on the substratum. Acroneuria evoluta males produced

the first phase of their diphasic call by tapping, rubbing

or a combination of both. Aberrant D. baumanni male signals

produced on a smooth plastic petri plate surface resulted in

altered characteristics of the female answer, and late-

emerging female D. baumanni signals differed from those of

a more normal emergence time, especially in number of beats.

In most species, females responded to the initial male

call by becoming motionless, except to answer the male with

a distinctive drum roll. Females of Isoerla namata and

Isoperla signata never answered their males, but appeared to

respond by active searching. Male signals of I. namata had

a slower beat interval than any other species of stonefly

reported in the literature. The drumming signals of male

I. signata from Oklahoma were generally similar to Graham's

(1983) data for Wisconsin I. signata; however, beat intervals
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between the two populations were substantially different, and

unlike Oklahoma males, Wisconsin males drummed only during

dark conditions. This could be accountable to behavioral

variation of the signals (dialects) and diel periodicity of

drumming activity in the two widely separated populations.

A significant effect of temperature on beat interval

was shown in male D. baumanni and Phasganophora capitata;

as temperature increased, the beat interval decreased. A

similar effect was reported for Perlinella drymo by Zeigler

and Stewart (1977).

Aging influenced signal characteristics in males of

Chernokrilus misnomus by causing the beat intervals to be

changed. In this species, females only answered signals

from older males (4-6-days-old with beat interval of

400.9+35.7 msec) and ignored signals from younger males

(2-4-days-old with interval of 494.5+7.5 msec). This might

be a method to insure recognition by the female during the

proper time for mating. Age did not change the signal char-

acteristics of male Pictetiella expansa but caused a

reduction in drumming frequency. Graham (1983) reported

that aging did not change signal characteristics in male

Isoperla slossonae, but there was a marked decrease in

activity just prior to death.



61

Males are most active during the pre-mating communi-

cation, usually searching for the female between drums,

especially when reinforced with a female answer. In this

study, it was found that the female answer caused a signif-

icant change in frequency of calling in male D. baumanni,

C. misnomus and P. expansa. The frequencies of drumming

changed from 3-5 signals/0.5 h to 30 signals/5 min,

from 1-2 signals/0.5 h to 70 signals/0.5 h, and from 5-6

signals/0.5 h to 30-38 signals/5 min, respectively in these

species.

The x number of signal beats varied highly among

the eight species, from one beat in female C. misnomus

to 240 beats in female P. capitata. The short number of

beats in C. misnomus is similar to female Clioperla clio

(Graham 1983) in the same family Perlodidae. The long

number of beats in female P. capitata is similar to female

Paragnetina kansensis in the same family Perlidae.

Signal exchanges were 2-way in every species in which

the female answered in this study, except for Acroneuria

evoluta, which had 3-way communication; in some exchanges,

the communication in this species converted from 3-way to

2-way. The diphasic male drumming signal of A. evoluta is

similar to the other Acroneuria species
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(Stewart et al. 1982 b), except for the previously mentioned

variation in that the first phase can be produced either by

tapping or rubbing or both. Also, in many cases, male

drumming signals changed from diphasic to monophasic, with

only the second phase being produced. Females still

answered these altered signals.

The drumming signals of all these species were

markedly different in one or more ways from other known

stonefly species, and therefore are considered to be

species-specific. Females of A. evoluta and Acroneuria

lycorias did not respond to the taped male signals of

Acroneuria carolinensis and Acroneuria abnormis, and female

A. evoluta did not respond to taped A. lycorias males even

though the male patterns are generally similar. The

signals of Doroneuria baumanni and Phasqanophora capitata

are unique from perlid species in other genera (Stewart

et al. 1982 b).
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