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Drumming behavior is described for the first time in 16 

North American species of Plecoptera, and signals of a 17th 

species, Isogenoides zionensis, are further detailed. The 

effective distance over which drumming signals may be 

transmitted was tested for four communication modes. Results 

indicate that substratum vibrations are far superior to sound 

in the transmission of drumming signals, and that dense 

substrates such as rocks are poor channels for signal 

transfer. Long communication periods between stonefly pairs 

of Taeniopteryx burksi resulted in some alterations from 

initial signaling characteristics. Four and 5-way exchanges 

occurred mostly within the first 3 min of signaling, and the 

number of beats per female answer fluctuated greatly after 

the first 5 min. Six males of Pteronarcella badia from each 

of two age groups (1-2 and 4-5 days of age since emergence) 

were monitored for 2 h each to look for age effects on 

drumming behavior. No significant differences were observed 

in the structure of the calls, but drumming tendency showed a 

significant decline in the older males. Accurate call 

signals of P. badia and Perlinella drymo were synthesized, 



along with several modifications, using a TI 99/^A 

microcomputer. These calls were tested with groups of live 

females in an attempt to discover the levels of call 

variation acceptable to females. P. drymo females failed to 

answer male calls missing one beat (normal call=three beats) 

but did answer three-beat calls which varied over a 24 

percent range of durations. This result could relate to the 

thermal microhabitat differences which these ectotherms may 

encounter in nature. P. badia females failed to answer a_ 

four-beat call (normal call=seven beats) but did answer five 

and 10-beat calls. Two females answered male calls over a 30 

percent range of call durations. Preliminary results 

collected under natural conditions for two species 

(Hydroperla crosbyi and P_._ drymo) indicate the presence of 

diel periodicity in the drumming tendencys of adult males. 
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CHAPTER I 

GENERAL INTRODUCTION 

Stoneflies (Plecoptera) represent one of four major 

insect orders inhabiting lotic ecosystems. The order is 

represented by approximately 95 genera and 580 species in 

North America. 

Drumming behavior in stoneflies was first reported by 

Newport (1851), but quantification has come only in the past 

two decades with work on European species by Rupprecht (1967; 

1969; 1972; 1982) and on new world species by Stewart and 

co-workers (Zeigler and Stewart 1977; Szczytko and Stewart 

1979; Snellen and Stewart 1979; Stewart et al, 1982a,b; 

Stewart and Zeigler 1984a,b). The behavior has been reported 

in all nine families of the suborder Arctoperlaria, but in 

none of the five families of Antarctoperlaria, and it seems 

likely that drumming represents homologous behavior within 

the first suborder. 

Drumming appears to be a calling behavior for mate 

location, according to Alexander's classification of 

communication functions (1967). In stoneflies, the principal 

mode of drumming exchange appears to involve substratum-borne 

vibrations produced usually by the insect striking or rubbing 

the substratum with the distal, ventral portion of the 



abdomen. Rupprecht (1981) has discovered that some species 

may also produce substratum vibrations by jerking movements 

of the body which are conducted through the legs to the 

substratum without striking the abdomen against the 

substratum. In any case, the number and spacing of the 

resultant pulses provide the necessary information for 

species and sex recognition. To date, most drumming signals 

appear to be species and sex-specific. 

Males usually initiate exchanges with females. 

Observations indicate that males will drum and mate 

repeatedly with several females, whereas mated females will 

no longer answer male calls and will refuse mating if chance 

contact occurs (Rupprecht 1967; Stewart and Zeigler 1984b). 

Males usually search actively between exchanges with the 

female, while females of most species become stationary once 

intersexual communication is established. There appears to 

be no prerequisite courtship function in drumming, since 

mating is attempted by males immediately after tactile 

contact with females, even in the absence of prior drumming 

communication. 

The use of substratum vibrations has been shown to be a 

major means of communication in arthropods, including: 

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

waterstriders (Wilcox 1979), spiders (Stratton and Uetz 1981; 

Rovner and Barth 1981), and lacewings (Henry 1982). However, 
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at present, drumming in the Plecoptera seems to be more 

diverse and complex than the analogous behaviors of these 

other arthropod groups. 

Following is a short list of terras which have been 

recently used to characterize stonefly drumming behavior, 

call - The initial signal given by the male in most 

species, but females may initiate a call in 

some species (Stewart and Zeigler 1984a). 

answer - The signal given "in answer" to the call of the 

opposite sex. For the majority of species, the 

answer is given by the female. If the drumming 

exchanges always consist of only a call 

followed by an answer, the exchange is termed 

2-way. 

response - Usually a signal given by the male "in 

response" to the female answer. Such an 

exchange of call-answer-response is termed 

3-way. The function of this male response has 

not been determined. It may simply let the 

female "know" that her answer has been 

received, thus establishing the certainty of 

communication contact for both partners and 

affecting proper behavior patterns for the 

duration of the drumming communication. In 

some species, a female response may follow the 
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male response making a 4-way exchange. 

Exchanges with more than four components have 

been recorded for a few species (see 

Taeniopteryx burksi-Chapter II). 

beat 

interval - The time interval between any two consecutive 

beats in a call, answer, or response signal. 
simple 

monophasic - describes a signal (call, answer, or response) 

in which beat intervals are approximately equal 

or gradually increase or decrease in length as 

the signal progresses (Fig. 5). 

grouped 

monophasic - Describes a signal which is broken up by one or 

more relatively long beat intervals, the 

shorter within group intervals being similar 

among groups (Fig. 16). 

diphasic - Describes a signal (to date only male calls) 

which contain two distinctly different "phases" 

with major differences in beat interval length 

and/or constancy between the two phases (Fig. 

8). Beats are usually ungrouped within each 

phase. Rupprecht (1977) showed that Leuctra 

pseudosignifera has a diphasic male call with 

some beat grouping in the first phase. 



12 

These terms and quantitative measurements of signal 

parameters (as in Table 2, Chapter II) provide the basis for 

comparative behavioral analysis of drumming in stoneflies. 

Also, the fixed action nature of the behavior enables such 

analysis to serve as an additional tool for deciphering 

phylogenetic relationships within the order (Zwick 1973) and 

in detecting cryptic (sibling) species. 

Complex behavioral systems are consistantly believed to 

have originated from simpler ones (Alexander 1967)• The 

range of drumming complexity within the order suggests that 

the various species signals have diverged differentially from 

a simple ancestral drumming system. It seems reasonable to 

propose that drumming first appeared as a simple one or 

two-way communication to bring the sexes together, then 

became more complex as the pressures for reproductive 

isolation in increasing numbers of species came into play, 

somewhat analogous to the evolution of cricket calls 

(Alexander 1962) . Although it is impossible at this time to 

assign definitive ancestral and derived states to drumming 

characters, tentative assignments can be made (Table 1). 

The following six chapters will each approach a separate 

aspect of drumming in the F'lecoptera. Chapter II contains 

characterizations of drumming behavior in 17 species 

heretofore undescribed. Chapter III addresses the question 

of effective distance. That is, what is the range of 
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TABLE I 

TENTATIVE ANCESTRAL AND DERIVED DRUMMING 
CHARACTER STATES IN ARCTOPERLARIA 

Character Ancestral Derived 
State State(s) 

nature of 2-way 3-way, 4-way, 
exchange etc. 

number of few (1-10) many (>10) 
beats/signal 

beat interval evenly increasing, 
pattern spaced decreasing, 

grouped 

signal monophasic diphasic to 
nature multiphasic 
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distances over which drumming signals may successfully be 

utilized by stoneflies on various substrata. Chapter IV 

looks at the effect of prolonged drumming exchanges on 

signaling rates and signal character. Chapter V investigates 

longevity and possible age effects on drumming behavior in 

stoneflies. Chapter VI summarizes work with computer 

simulated and/or modified male calls and live females of two 

species in which female recognition thresholds were 

investigated over a range of variations in the male call. 

Finally, Chapter VII gives a brief report on some preliminary 

work with diel periodicity of drumming behavior in 

stoneflies. 



CHAPTER II 

NEW DESCRIPTIONS OF DRUMMING BEHAVIOR IN 

SEVENTEEN NORTH AMERICAN PLECOPTERA SPECIES 

Introduction 

If drumming characters are to be useful in the 

phylogenetic systematics of the Plecoptera, basic 

quantitative signal characterization from a wide spectrum of 

taxa must be accomplished. Also, such a survey will add 

significantly to our understanding of this complex and 

interesting mode of animal communication. 

This chapter contains quantified descriptive work on the 

drumming behavior of 17 Nearctic species, including the first 

descriptions from the family Peltoperlidae and from the 

genera Isocapnia, Sierraperla, Soliperla, Calliper la, 

Helopicus, Kathroperla, and Paraperla. In terms of species 

numbers, these descriptions add over 40 percent to the 

previously existing drumming characterizations. 

Materials and Methods 

Virgin adults of 17 species were reared from mature 

nymphs collected as follows: (1) Taeniopteryx burksi Ricker 

and Ross, Glover River, McCurtain Co., Oklahoma, XII—1982; 

(2) Taeniopteryx nivalis (Fitch), Tomorrow River, Portage 

15 
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Co., Wisconsin, II and 111-1978, (3) Isocapina grandis 

(Banks), Jocko River, Lake Co., Montana, IV—1973; (4) 

Pteronarcella regularis (Hagen), Muir Creek, Douglas Co., 

Oregon, 19—V—1982; (5) Pteronarcys princeps Banks, Big 

Springs (Mt. Shasta City Park), Siskiyou Co., California, 

16—V—1982 and 25—V—1983; (6) Sierraperla cora Jewett, Big 

Springs (Mt. Shasta City Park), Siskiyou Co., California, 

16—V—1982; (7) Soliperla fenderi (Jewett), St. Andrews Creek 

and Puyallap River seeps, Mt. Rainer National Park, Pierce 

Co., Washington, 29—VI—1981, (8) Soliperla quadrispinula 

(Jewett), Grassy Creek, Humbolt Co., California, 22—V—1982; 

(9) Soliperla sierra Stark, Big Springs, Sierra Co., 

California, 10—V—1982; (10) Soliperla thyra (Needham and 

Smith), unnamed creek in Leggett, Mendocino Co., California, 

22—V—1982; (11) Calliperla luctuosa (Banks), tributary Three 

Rivers River, Tillamook Co., Oregon, 17—V—1982; (12) 

Helopicus nalatus (Frison) , Little Missouri River, Montgomery 

Co., Arkansas, 111-1981; (13) Hydroperla crosbyi (Needham and 

Claassen), Clear Creek, Denton Co., Texas, II and 111-1982; 

(14) Isogenoides elongatus (Hagen), Clark Fork River, 

Missoula Co., Montana, VI — 1 973; (.15) Isogenoides zionensis 

Hanson, San Miguel River, San Miguel Co., Colorado, 

25—IV—1981; (16) Kathroperla perdita (Banks), Muir Creek, 

Douglas Co., Oregon, 19—V—1982; (17) Paraperla frontalis 

(Banks), Jocko River, Lake Co., Montana, VI—1973-
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Adults were recorded at laboratory temperatures (21-24 

C), except for one group of nivalis which was recorded at 

15 C for comparison purposes. Signals from all species 

except lj_ elongatus, P. frontalis, and gr andis were 

recorded in a divided sound-isolation chamber of my design 

(Fig. 1). The male and female were placed respectively into 

two separate manila boxes (2 x 5 x 7.5 cm). The two boxes 

were located one on either side of the center partition in 

the divided sound-isolation chamber and were connected only 

by a thin wooden rod which passed through a small hole in the 

sound chamber partition. The rod permits the transfer of 

substratum vibrations between the two boxes, while the 

chamber partition blocks most of the sound transfer between 

the male and female recording compartments. Each manila box 

rested 2-3 ram above a Sony ECM 95S electret condensor 

microphone connected to a Superscope CD-320 stereo cassette 

recorder. 

Stereo recordings, with the male and female on separate 

channels, has proven useful in discerning male and female 

beats when signals overlap. The signals were recorded on 

Maxell UD cassette tapes and played into a Tektronix 5111 

storage oscilloscope for analysis. Selected signals were 

photographed with a Polaroid CR-9 Land oscilloscope camera. 

Male signals of elongatus, P. frontalis, and I. 

grandis were recorded in 1973 by Roger Haick at the 
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Fig. 1—Stereo sound isolation recording chamber: 
A—Chamber partition; 
B—Manilla containers for male and female 

respectively; 
C—Wooden rod connecting male and female 

containers; 
D—Microphone leads; 
E—Plate glass viewing panels (front and top). 
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University of Montana Biological Station using a Sony TC-252 

reel-to-reel recorder and styrofoam cups as drumming 

chambers. Permission was obtained to analyze, quantify and 

report on these signals in the same manner used for the other 

species in this study. Unfortunately, recording temperatures 

were not noted during these recordings, therefore beat 

interval durations may not be directly compared with those of 

other species in this study. 

Results and Discussion 

Taeniopterygidae 

Taeniopteryx burksi.--Males produced calls consisting of 

14.1+1.1 beats (x±S.D.). Beat intervals at 21-22 C increased 

from 112+8 msec for the first to 125±7 msec for the last 

interval (Table 2; Fig. 2). The female answer followed the 

male call after a 572+169-msec interval and consisted of 

9«3±1-5 beats, with intervals that increased slightly from 

133±9 to 143±8 msec. None of the 48 female answers 

overlapped the male call as occasionally occurs in other 

genera such as Pteronarcys (Stewart et al. 1982a). Over 90 

percent of the female answers were followed by a male 

response signal of 9.6+2.6 beats, with intervals increasing 

from 118+7 to 152+9 msec. The response followed the female 

answer by an interval of 586+185 msec, except for one 
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exchange in which the female answer and male response 

overlapped. This response was often given on the move as the 

male began to search, a characteristic also noted in 

Taeniopteryx nivalis (Stewart and Zeigler 1984a). Most of 

the females became stationary after the first exchange, while 

males searched between drumming exchanges. 

A few of the early exchanges from each pair were 4-way, 

and the first exchange of six of the 10 pairs was 5-way in 

nature such that a female response and a second male response 

were added to the basic 3-way exchange structure. The female 

response of 7-6+2.8 beats followed the male response after a 

615+119-msec interval and had beat intervals similar to those 

in the female answer. The second male response of 9-3±3-8 

beats had beat intervals similar to those of the first 

response and followed the female response by an interval of 

631+88 msec, although overlap occurred in one exchange. 

The basic 3-way burksi exchange conformed to the 

general pattern of drumming found in two other species in 

this genus, Taeniopteryx nebulosa (Rupprecht 1982) and 

Taeniopteryx nivalis (Stewart and Zeigler 1984a). Only 3-way 

exchanges have been observed in these two species. All three 

species have monophasic male calls, and the male call, female 

answer and male response are characterized by increasing beat 

intervals. However, the signals of each species are specific 

with differences in number of beats and/or beat intervals. 
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At comparable temperatures, the male call, female answer and 

male response of I\ nebulosa have the longest, and those of 

T. nivalis have the shortest beat intervals of the three 

species. Taeniopteryx nebulosa has the fewest beats in the 

male call and female answer. The number of beats in the male 

call of nivalis and T_̂  burksi are essentially the same, 

while the female answer of nivalis has more beats than T. 

burksi. 

Taeniopteryx nivalis.--At 20-21 C, males produced a 

monophasic call of 14.1+1.8 beats with intervals increasing 

from 87+8 to 117±13 msec (Table 2; Fig. 3). Females answered 

after a 528+228-msec interval with 13.1±4.2 beats, with 

intervals increasing from 90+13 to 130+8 msec. The male 

often responded to the female answer, making the exchange 

3-way. This response signal followed the female by up to 718 

msec but overlapped one beat with the answer in two exchanges 

from one pair. The response consisted of 11.7+2.8 beats with 

beat intervals increasing from 101+10 to 136+9 msec. This 

response began with the male in a stationary drumming 

position, but the last 2-4 beats were usually completed after 

he began forward locomotion to continue searching. Males 

searched actively after drumming exchanges with the female 

were established, while females became stationary during 

exchanges lasting 5-10 minutes. After this time, females 
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Fig. 2—Taeniopteryx burksi 3-way exchange at 22 C 

1 sec 

Fig. 3—Taeniopteryx nivalis 3-way exchange at 21 C 
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moved slowly within their boxes, stopping to answer male 

calls. This suggests that mobility by females after a 

reasonable time might reposition the female in a more 

favorable location for male success. 

Experimental pairs recorded at a cooler temperature of 

15 C yielded signals and behavior similar to those at 20-21 

C, except that beat intervals, as expected for an ectotherm, 

were longer at the lower temperature (Table 2). 

Five matings were observed, and the males always resumed 

drumming calls within one minute after dismounting females. 

Mated females never drummed again and assumed a rejection 

position if males tried to mount them. Such behavior has 

been observed in females of other species (Rupprecht 1967; 

Zeigler and Stewart 1977) and consists of the female raising 

her abdomen vertically, often while fluttering her wings, 

which seems to discourage male approaches. One male mounted 

three virgin females in one evening and initiated drumming 

calls shortly after each mating. Any phylogenetic inferences 

in this family based upon drumming behavior must await 

characterization of signals in other genera, and in more 

species of Taeniopteryx. 

Capniidae 

Isocapnia grandis.--Nine signals were recorded from one 

male and consisted of 4.3±0.7 beats spaced at inconsistent 
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intervals of 287+55 msec (Table 2; Fig. 4). Each signal was 

obtained only after artificial stimulation consisting of 4-6 

taps on the drumming chamber with a pencil. Therefore, these 

signals may not represent the male call, but could be a 

response to what the male perceived as a female signal (the 

pencil tapping). Obviously further experiments are needed 

for this species. 

Pteronarcyidae 

Pteronarcella regular is.--Only three males of this 

species were successfully reared and recorded. Their 

monophasic calls at 23 C consisted of 6.6+1.0 beats with 

beats intervals increasing gradually from 73±5 to 127+20 msec 

(Table 2; Fig. 5). 

Signals of two populations of the only other 

Pteronarcella species, Pteronarcella badia (Hagen), have been 

described from Colorado (Zeigler and Stewart 1977; Stewart 

and Zeigler 1984b) and Alaska (Stewart et al. 1982a). Those 

widely separated, morphologically similar populations 

displayed some substantial behavioral differences which could 

represent an early indicator of speciation. The P^ regular is 

calls have the same number of mode beats as Colorado P. 

badia, but their x beat intervals are approximately 25 msec 

longer. These limited data on P^ regular is and those for 

Pteronarcys princeps (discussed below) conform to the general 
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pattern of drumming signals in five other North American 

Pteronarcyidae (Stewart et al. 1982a). All have relatively 

simple signals, with the male call consisting of 4-8 beats, 

having short beat intervals of less than 130 msec for the two 

Pteronarcella species and much longer intervals of 200-550 

msec in Pteronarcys species. 

In this family there is generally little overlap in the 

distributions of species within a genus. This and 

Alexander's (1962) statement that intersexual communication 

may change slowly in allopatric populations (or species) 

which have no potentially similar or confusing signals in 

their environment, seem to explain why relatively little 

character displacement in drumming signals has occurred 

within the genus Pteronarcys or in the genus Pteronarcella. 

However, since populations of Pteronarcys and Pteronarcella 

are commonly sympatric and synchronic (in emergence), it 

appears likely that their major divergence in beat interval 

length is the key to their behavioral isolation. Timing of 

pulses has been shown to be an important isolating factor in 

the calls of crickets (Alexander 1962; Hoy et al. 1982) and 

cicadas (Alexander and Moore 1958). 

Pteronarcys princeps.--Males produced a monophasic call 

of 7.7+2.0 beats with beat intervals increasing from 342+44 

to 428+10 msec at 23-24 C (Table 2; Fig. 6). This beat 
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Fig. 4—isocapnia qrandis 
male call. 

Fig.5—Pteronarcella 
reqularis male call 
at 23 C. 

i l l 11. # ^ r~r ̂  — r " 
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f U 

I I I j ^ I ^ 

I | | i ' 1 . 

Fig. 6—Pteronarcys princeps 2-way exchange at 23 C 
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interval range is species specific, not overlapping with 

intervals of any of the six known North American species in 

this family (Stewart et al. 1982a). The beat intervals are 

approximately 100 msec longer than those of Pteronarcys 

californica (Zeigler and Stewart 1977) and Pteronarcys 

dorsata (Stewart et al. 1982a). There is no evidence of 

coexistance of these three species in any stream. 

Pteronarcys princeps and P_̂  californica male and female 

signals have beat intervals which increase in length as the 

signal progresses while P^ dorsata has approximately equal 

intervals. 

The female answer of 10.6+2.6 beats had beat intervals 

which increased from 307±19 to 481+63 msec. Most of the 

female answers overlapped the end of the male call by 1-4 

beats, but some followed the male call by intervals of up to 

375 msec. One of the 11 exchanges was 3-way with a male 

response of four beats, and beat intervals increasing from 

435 to 478 msec. This response signal completely overlapped 

the female answer, falling approximately in the middle of her 

signal. This 3-way exchange was the first in a series of 

exchanges by one pair. 

Peltoperlidae 

Sierraperla cora.--Males produced a monophasic, 

three-beat call with a long first interval of 146+7 msec and 
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a short second interval of 61±4 msec (Table 2; Fig. 7). The 

female answer consisted of a single beat following the male 

call after a 373±30-msec interval. A male response signal 

followed every female answer after a 383±35-msec interval, 

making the exchanges consistently 3-way. The majority of 

these responses consisted of a single beat, but one contained 

two beats with a single beat interval of 432 msec. One of 

the five pairs showed 4- and 5-way exchanges, with a female 

response and second male response each consisting of a single 

beat. Females usually became stationary after answering the 

first male call, while males searched slowly between drumming 

exchanges. 

The signals of S^ cora are simpler, less variable and 

have fewer beats than those of three species of the genus 

Soliperla (Stewart and Zeigler 1984a). These and our 

unpublished male calls of a species of Peltoperla are the 

only descriptions of drumming in the family Peltoperlidae. 

A striking aspect of drumming in cora was its 

apparent similarity to the drumming of Perlinella drymo of 

the family Perlidae (Zeigler and Stewart 1977). The male 

calls of both species consist of three beats with a long 

first interval and a shorter second interval, and the female 

answer is typically one beat in both species. However, the 

interval ratios in the male call are different (S. 

cora—1:0.42, drymo—1:0.57), and the intervals of S. cora 
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are approximately twice as long as those of drymo at 

comparable temperatures. 

The general similarity of drumming in these two 

unrelated species is probably accidental, and not surprising 

in light of the simplicity of their signals (tenatively an 

ancestral character, Stewart and Zeigler 1984b) and the fact 

that populations of these two species are allopatric, one 

centered in montane streams of northern California and the 

Pacific Northwest, and the other in streams of the central 

lowlands of the Midwest. Apparently, neither species has 

experienced selective pressures which would lead to increased 

signal complexity or diversification. 

Soliperla fenderi.--Males produced a diphasic call with 

3.2+1.7 and 7.6+1.5 beats, respectively, in the first and 

second phases (Table 2; Fig. 8). Beat intervals at 20-22 C 

began at 336+159 and decreased to 222+57 msec in the first 

phase. The interval between phases was 504+213 msec, and 

beat intervals in the second phase were relatively constant 

at 29+3 msec. 

The female answer, consisting of 7.6+2.7 beats, followed 

the male call by as much as 160 msec, but a one-beat overlap 

occurred in two exchanges from one pair. Female beat 

intervals increased from 28+2 to 33±3 msec. Males added a 

response signal, making a 3-way exchange, in 38 percent of 
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Fig. 7—Sierraperla cora 3-way exchange at 23 C 

Pig. 8—Soliperla fenderi 3-way exchange at 20 C 
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the exchanges. This response signal followed the female 

answer after an interval of 237±43 msec, and consisted 

usually of two beats (2.1+0.5) separated by a single interval 

of 33+5 msec. Two responses had three beats, with the second 

interval 4-5 msec longer than the first. 

As in most other observed species, females remained 

stationary during drumming exchanges, while the males 

searched. A notable aspect of male behavior was that 

searching began only after 4-10 exchanges, and movement was 

relatively slower than in Pteronarcyid, Perlid or Perlodid 

species worked with earlier (Zeigler and Stewart 1977; 

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

most stoneflies, the male begins searching after receiving 

the first one or two female answers. Also, this is the first 

of over 20 species studied in which one female drummed a few 

times before the male started calling. Perhaps the female 

can also call, and the slowness of the male in starting to 

search is an indication of male selectivity. 

Soliperla quadrispinula.--The one male produced a 

simple, monophasic call of four beats with relatively 

constant 37+0.6-msec beat intervals (Table 2; Fig. 9a). A 

virgin female tested in the chamber with this male never 

answered the male's calls. Another virgin female produced 

three independent signals with no male near or in the 
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recording chamber (Fig. 9b). These signals consisted of 

6.3+0.6 beats with 34+2-msec beat intervals. The beat 

intervals did increase slightly from 32+1 to 36+0 msec. 

Soliperla sierra.--Only females were successfully 

reared, and two of them produced seven signals without a male 

call stimulus. The signals had 6.4+0.8 beats at relatively 

constant intervals of 33+2 msec (Table 2; Fig. 10), therefore 

not differing markedly from those of quadrispinula 

females. 

Soliperla thyra.--Males produced a monophasic call of 

6.0+0.6 beats with relatively constant intervals of 19+1 msec 

(Table 2; Fig. 11). The female answer followed the male call 

after a 119+16-msec interval and had 6.2+0.6 beats with beat 

intervals increasing from 22+3 to 27+4 msec. The first 

exchange of the experimental pair was a 3-way exchange, with 

a male response of four beats and constant intervals of 22+0 

msec following the female answer by 207 msec (Fig. 11). All 

subsequent exchanges were 2-way. The female became 

stationary after the first exchange, while the male searched 

steadily within his box between exchanges. 

Drumming in these four Soliperla species presents some 

interesting characteristics. Females of three species 

drummed independently of male calls. This may suggest that 

females, as well as males, may be capable of initiating 
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Fig. 9—Soliperla quadrispinula; A=male call at 22 C; 
B=isolated female signal at 22 C. 

Fig. 10—Soliperla sierra Fig. 11—Soliperla thyra 
isolated female signal 3-way exchange at 23 C„ 
at 23 C. 
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drumming exchanges. This feature has not been observed in 

any other North American stoneflies. The number of beats in 

these female signals did not differ markedly among the four 

species. 

The number of beats and beat interval length of male 

calls differed among the three recorded species. The 

diphasic male call of of S_̂  fenderi was in marked contrast to 

the monophasic calls of quadrispinula and S_;_ thyra. This 

diphasic call probably represents a derived drumming 

character (Stewart and Zeigler 1984b), according to an 

out-group comparison with other species in the genus and 

other genera in the family (Watrous and Wheeler 1981). 

Perlodidae 

Calliper la luctuosa.--This monotypic species is known 

from few specimens, and larvae are unknown. Eleven signals 

were recorded from a wild male caught in Tillamook Co., 

Oregon. The call consisted of 13 mode beats (11.7+2.1) 

arranged in a series of 1- or 2-beat groupings, having within 

and between group intervals of 25+2 and 285±19 msec, 

respectively, (Table 2; Fig. 12). This grouped pattern of 

beats is basically similar to the signals of other 

Perlodidae, including: Isogenoides zionensis (Zeigler and 

Stewart 1977), Isoperla oxylepis and Isoperla rivulorum 

(Rupprecht 1969), Diura bicaudata and Diura nanseni 
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(Rupprecht 1972), and Hydroperla crosbyi (below). Outside of 

the family Perlodidae, beat grouping has been observed only , 

in the first phase of the diphasic male call of Leuctra 

pseudosignifera (Leuctridae)(Rupprecht 1977). 

Helopicus nalatus.--Three calls from one male were 

monophasic and had 27, 40, and 40 beats, respectively, with 

beat intervals of 82+14 msec (Table 2; Fig. 13). The beat 

intervals decreased sharply in the first 4-5 intervals, 

decreased more gradually for most of the call duration, then 

increased during the last 2-3 intervals as indicated by the 

x + SD for each successive five intervals of the two 40-beat 

calls as follows: 94+22; 82±5; 80+5; 78±2; 77±2; 76+2; 75±1; 

81+5. 

Hydroperla crosbyi.--Our earlier attempts to observe and 

record drumming in H_;_ crosbyi were unsuccessful (Zeigler and 

Stewart 1977), but more recent attempts have shown that H• 

crosbyi does drum. Male calls consist of seven mode beats in 

two groupings of three and four beats, respectively (Table 2; 

Fig. 14). At 23-24 C, within-group beat intervals were 

constant at 40+2 msec, while the single between group 

interval averaged 132+12 msec (Table 2). Recently the only 

other Hydroperla species, FK fugitans, has also been found to 

have a 2-grouped male call (Graham 1983, masters thesis). 

The female answer of 4.3±1.5 beats followed the male 
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Fig. 12—Calliperla luctuosa male call at 21 C 

I'IMM! 

Fig. 13--Helopicus nalatus male call at 24 C 
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call after an interval of 218+64 msec. Most of the intervals 

within the female answer were constant at 55+3 msec, but the 

last interval was occasionally longer (67±7 msec). Four of 

the eight males added a 5.1+1.9-beat response signal 338+164 

msec after the close of some female answers. These were 

relatively constant with 77+9-msec intervals, except for the 

last interval which often increased to 94+7 msec. These 

response signals varied from three to seven beats. 

Female answers were highly variable, even within the 

first five exchanges of each pair, ranging from two to nine 

beats. Those with more beats occurred in the first one or 

two exchanges, after which both the number of beats per 

answer and the tendency to answer declined rapidly. In five 

of the eight pairs, females failed to answer each of the 

first five male calls. Several virgin females tested never 

answered male calls. 

Males and females were very active prior to drumming, 

but females usually became stationary after answering the 

first male call in a sequence. In general, drumming was less 

frequent and more variable in.this species than is typical 

for most species. The active locomotor behavior could 

represent a "searching pattern" which may serve as an 

alternate method of mate location as has been suggested for 

Claassenia sabulosa (Zeigler and Stewart 1977) and therefore 

could explain the infrequent use of drumming and the highly 
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variable female answers in this species. 

Isogenoides elongatus.--Six calls from one male were 

monophasic, with six mode beats ahd beat intervals increasing 

from 190+18 to 218+3 msec (Table 2; Fig. 15). Since the 

exact recording temperature is not known, and the number of 

signals from only one individual is small, these data can 

only be considered as a preliminary characterization of 

drumming in this species. 

Isogenoides zionensis.--Zeigler and Stewart (1977) 

reported that 48 calls of one male from the Delores River, 

Colorado, consisted of 15+2.5 beats in groupings of 1-5 

beats. Beat intervals within groupings were relatively 

constant at 278+16 msec, while between group intervals 

increased from 1208+352 to 1909+768 msec. They obtained no 

female signals. The additional data reported here, although 

based only on one pair, reveal some new and unexpected 

aspects of drumming in this species which differ markedly 

from its congenor elongatus. (Fig. 15). 

Male-female exchanges began as complex interspersed 

signals (Fig. 16a), then changed to simpler sequenced 3-way 

exchanges. Figure 16b shows the "changeover" occurring 

between the fifth and sixth exchange followed by the 

continuing sixth and seventh 3-way exchanges. The initial 

call of the male consisted of 11+0.8 beats in 3-4 groupings 
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Fig. 14—Hydroperla crosbyi 3-way exchange at 23 C 

Fig. 15—Isogenoides elongatus male call 
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(Table 2; Fig. 16a). Beat intervals during this initial 

phase were 391+26 msec within groupings and 1795+47 msec 

between groupings. This characterization held for the male 

call whether or not a female was present and/or answered. 

The initial female answers were spaced within the male calls 

and usually consisted of three single or double beats 

interspersed between and after the male beat groupings. 

These female beats were spaced at 2544+227 msec, and when 

beats were double, within-group intervals were 110+3 msec 

(Table 2; Fig. 16a, b). Interspersed female answers (or beat 

groupings) followed the male signal groupings by intervals of 

651+7 msec. 

After changeover from interspersed to 3-way signals 

during an exchange series (Fig. 16b), the male call consisted 

of 4+0.6 beats at constant intervals of 380+14 msec which 

were consistant with the within group intervals of the 

initial male calls. Female answers of 2-3 beats followed the 

now simpler male calls by a 594+14-msec interval, and had 

increasing beat intervals of 109+11 to 123+0 msec. Male 

responses followed these female answers after a 409+88-insec 

interval and had 3.1+0.9 beats with intervals increasing from 

108+1 to 135+14 msec. I recorded 10, 3-way exchanges after 

the changeover, each separated by approximately 6 sec. These 

3-way exchanges continued for an unmeasured period. This is 

certainly some of the most complex drumming behavior ever 
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encountered, and its complexity is probably a derived 

character when compared to the known signals of most other 

Perlodidae species. 

Chloroperlidae 

Kathroperla perdita.--Seven calls were recorded from one 

reared virgin male. Calls were di-phasic with 6.1+0.7 and 

4.3±0.8 beats, respectively, in the first and second phases 

(Table 2; Fig. 17). Beat intervals in the first phase 

decreased from 41+6 to 34+7 msec, while those of the second 

phase were constant at 23±2 msec. The interval between the 

two phases was 139+20 msec. 

Paraperla frontalis.--As in perdita, the male calls 

were di-phasic, but consisted of many more total beats. 

These were 74.4+10.6 and 2.4+0.5 beats in the first and 

second phases, respectively. Beat intervals in the first 

phase were constant at 51+3 msec, while those in the second 

phase increased from 252+14 to 298+11 msec. The interval 

between phases was 233±15 msec (Table 2; Fig. 18). 
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CHAPTER III 

EFFECTIVE DISTANCE OF SIGNAL TRANSFER 

Introduct ion 

One little studied aspect of drumming behavior is the 

effective distance over which drumming signals may be 

transmitted, either as sound or as substratum vibrations. 

Rupprecht (1967) stated that drumming signals are 

communicated between the sexes by vibrations set up in the 

substratum, however Szczytko and Stewart (1979) demonstrated 

that under certain conditions, sound transfer might also be 

possible. 

Effective distance will be defined as the maximum 

distance over which the sexes are able to communicate for 

mate location. This distance will likely be found to vary 

between species of various body sizes and between substratum 

types. 

The manila boxes and other resonating substances used to 

date in most drumming studies facilitate the manipulation of 

stoneflies and the recording of their signals with desirable 

acoustic qualities for analysis and characterization. 

However, they are unnatural and tell us little about the 

communication by drumming stoneflies in their natural 

surroundings. Questions that come to mind are: (1) What 

46 
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kinds of natural substrata can be effectively utilized by 

drummers?, (2) Can the signals be transmitted only through a 

substratum that is continuous between the sexes, or can 

signals be transmitted through the air as sound and be sensed 

from air vibrations?, and (3) How far can signals be 

effectively transmitted through various types of substrata 

(or through substratum-air combinations if possible)? The 

following experiments were designed to begin answering these 

questions by quantifying some upper limits of effective 

distance under a variety of conditions. 

Continuous Wooden Rod Experiments 

A wooden rod 5-9 mm in diameter and just over 8.0 m in 

length was constructed by gluing glossy privet (Ligustrum 

lucidum) stems together, end to end with fitted joints. The 

rod was marked at 0.5-m intervals, suspended by cotton string 

in the laboratory, and a small manila chamber was glued 

permanently to one end. A cylindrical enclosure (cage) was 

made of Nitex® (Fig. 19) with slits cut in the ends so that 

males could be placed in the cage and selectively positioned 

by sliding the cage along the rod. 

Experiments consisted of placing a female in the manila 

box and a male in the cage positioned adjacent to the box. 

After communication was established between the virgin pair, 

the male was repositioned at increasing 0.5-m distances from 
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the female and communication was re-established. Female 

responses were monitored through a set of headphones 

connected to a Sony ECM-250 microphone suspended 

approximately 1.0 cm from the female enclosure while watching 

the male directly. 

Ten pairs of virgin Perlinella drymo reared from mature 

nymphs collected from the Middle Fork/Bosque River, Mclennan 

Co., Texas in March of 1982 were tested. Female response to 

the first three calls of each male, drumming only on the rod, 

were recorded (total 30 calls/distance, Table 1). The 

results show that this species effectively transmitted and 

received signals through the full 8.0-m length of the rod. 

Females answered 100 percent of thirty male calls at a 

distance of 2.0 m, and 86.7 percent at 8.0 m (Table 3) • This 

high level of response indicates that signals of this species 

can be transmitted for distances greater than 8.0 m. This 

idea was not pursued since few situations exist in nature 

where a continuous 8.0-m substratum with similar vibration 

qualities would occur. This experiment demonstrated that 

this species could communicate by drumming through a 5-9-mm 

diameter dry wooden substratum for distances approximating 

667 times their body length. This ability could 

substantially enhance bringing the sexes of such small 

animals together for mating. 
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Experiments with Manilla Chambers 

on Foam Rubber Pads 

Ten pairs of virgin Perlinella drymo from the same 

locality as in the wooden rod experiments were tested in 5 x 

5 x 2-cm manila paper chambers glued to a 3.0-cm thick foam 

rubber pad to eliminate substratum continuity. Male and 

female were placed in separate chambers covered by a thin 

plastic lid and positioned adjacent to one another on a 

concrete slab floor. When communication between the male and 

female was established, the male was progressively moved 

farther from the female in 1.0-m intervals. The male was 

allowed to call three times at each distance, and the number 

of female answers was recorded up to a distance of 8.0 m. 

Female responses were monitored with a Sony ECM-250 

microphone and a set of headphones, while the male was 

observed directly. 

Females answered 100 percent of male calls at close 

distances of 10.0 cm, but only 26.7 percent at a distance of 

2.0 m (Table 3), indicating that P_;_ drymo can communicate 

across air space when both sexes are on a substratum capable 

of sound-substratum vibration interconversion (example: dried 

tree bark, dried leaves). This ability to communicate across 

air space decreased markedly to a 10.0 percent female 

response level at 5.0 m, and to 3*3 percent at 8.0 m (Table 

3). Controls in both the continuous rod and manila 
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TABLE III 

COMMUNICATION DISTANCES OF PERLINELLA DRYMO AND 
PTERONARCELLA BADIA ON DIFFERENT SUBSTRATA 

Sub stratum/ 
species 

Number of 
male calls 

per 10 males 
per distance 

Per cent answering 
(10 females) 

rate 

10cm 2 5 cm 2m 5m 8m 

8m Continuous 
rod/ 

P. drymo 

30 100 96.7 86.7 

Manilla boxes 
on foam pads/ 

P. drymo 

30 100 26.7 10.0 3.3 

4. 2 kg rock/ 
P. drymo 

100 0 . 0 

Separate aspen 
1 i mb s / 
P. badia 

50 0 . 0 
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chamber-foam rubber experiments consisted of repositioning 

the sexes close together after the greatest distance was 

tested. In all cases, female answers resumed to match 

original levels at these close distances. 

Enclosures on Rock Experiments 

Ten pairs of virgin P_j_ drymo were tested by placing the 

male and female, respectively, in two separate circular Nitex® 

enclosures glued to the surface of a 7.5 x 16 x 32-cm 

limestone rock weighing 4.2 kg at a minimum distance of 16.0 

cm apart. The enclosures were 4.0 cm in diameter by 2.0 cm 

deep, thus communication distances being tested , with the 

stoneflies in different positions in the enclosures, were 

16.0-24.0 cm. Of 100 calls produced by ten males, on both 

the rock and nitex walls, no female answers were observed, 

whether or not she rested on the rock or nitex cage. Within 

one hour after these experiments and under the same light and 

temperature conditions, these same 10 pairs were positioned 

8.0 m apart on the linear rod substratum mentioned above, and 

all 10 females responded repeatedly to male calls over that 

distance. These experiments show that P_̂  drymo could not 

communicate at short distances of 16-24 cm on a dense 

substratum such as a rock, and therefore such substrates are 

not suitable for the transfer of drumming signals. Also, any 

sounds produced by the male's drumming were apparently too 
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weak to elicit female answers over these short distances. 

Dried Aspen Limb Experiments 

In a further attempt to test the effectiveness of 

continuous substratum vs. substratum-air-substratum signal 

transmission in stoneflies, ten pairs of virgin Pteronarcella 

badia (Hagen) were tested on more natural substrata. Two 

branching aspen (Populus tremuloides) limbs, approximately 75 

cm in length, were collected near streamside on the Conejos 

River, Conejos Co., Colorado in May, 1983, at the same time 

mature nymphs of badia were collected. The limbs were air 

dried and mounted on wooden bases 14 x 11 x 3 cm with felt 

cloth glued to the bottom (Fig. 20). 

The male and female of each pair were gently placed on 

different branches of the same limb. In all cases (n = 5 0; 5 

per pair) females consistently answered male calls and ceased 

locomotor activity when the male began calling. After five 

exchanges, the male was allowed to walk onto the carefully 

placed second limb (positioned to meet the first), which was 

then gently repositioned a distance of 25.0 cm from the 

original limb on which the female rested. Although the male 

continued to call, the female failed to answer any of these 

calls. After five calls by the male, he was transfered back 

to the original limb and continuous communication between 

male and female was re-established. 
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9 

Fig. 20--Branching aspen limb 
with stonefly pair in place. 
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These same 10 pairs were then tested on the 8.0-m 

continuous rod previously described. At the distance of 8.0 

m, seven females answered three out of three male calls, two 

females answered two out of three male calls, and one female 

answered only one of the three male calls. These results 

suggest that on dry limbs or stems, drumming signals are 

effectively transmitted and received only when the substratum 

is continuous. 

Discussion 

From these experiments, I can give at least preliminary 

answers to the questions posed earlier where medium sized 

adult stoneflies, such as Perlinella drymo and Pteronarcella 

badia, that tap directly on the substratum are concerned. 

Communication is most effective when the sexes are on a 

continuous substratum such as limbs of woody vegetation, 

loose dry bark and other woody debris, or overlapping dried 

leaves with suitable resonating qualities. Communication 

cannot be achieved for even close distances of 16.0 cm on 

dense substrata such as large rocks. Signals can be 

transmitted both through substratum and through air. Air 

transmission, however, requires that both sexes are resting 

on a resonate substratum capable of substratum vibration to 

sound interconversion. Distances of communication under 

these circumstances are considerably less than on a 
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continuous substratum, but greater than on a dense continuous 

substratum such as a rock. However, the actual effectiveness 

of such communication in mate location is speculative at this 

point. Continuous substratum transmission, under optimal 

conditions through a light, dry continuous rod is possible up 

to and probably exceeding 8.0 m. However, the maximum 

distance of communication under these experimental conditions 

may not be the most important consideration in determining 

effectiveness of mate location ability. Super-optimal, 

simple linear distances may represent an unnatural situation, 

beyond the evolved searching patterns of male stoneflies. 

Also, complex branching of woody vegetation could confound a 

male's ability to locate a female over increasing distances. 

Vibrations produced by tapping should be carried more 

effectively through a continuous substratum such as woody 

vegetation than through air as sound since: (1) they travel 

an order of magnitude faster along the grain of the wood, (2) 

they travel in a more focused manner, with less amplitude 

loss, and (3) there is less likelihood of confounding 

directional information due to echo formation (scattering). 



CHAPTER IV 

EFFECTS OF PROLONGED EXCHANGES IN 

TAENIOPTERYX BURKSI RICKER & ROSS 

Introduction 

Working with stonefly drumming behavior over the last 10 

years has led to a suspicion that some aspects of signal 

exchange between the sexes may vary within a pair with 

increasingly longer periods of communication. The following 

experimental design was used in an attempt to quantify any 

variations in extended drumming communication between the 

sexes of Taeniopteryx burksi. 

Materials and Methods 

Five pairs of Taeniopteryx burksi from the Glover River, 

McCurtain Co., Oklahoma, XII-1982 were individually recorded 

for 30-min sessions (each session starting with the first 

exchange of that pair) to investigate any possible changes 

that might take place over long (and unsuccessful in terms of 

mate location) periods of communication. All recording 

sessions were done in the lab at 22+1 C using the stereo 

recording method described in Chapter II. 
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Results and Discussion 

The most obvious change was the reduction and eventual 

elimination of 4- and 5-way exchanges (Fig. 21). Five-way 

exchanges occurred in four pairs only on the first exchange. 

Subsequent 4-way exchanges rapidly became less frequent. 

Another trend was an increase in unanswered male calls as 

time progressed (Fig. 21). This trend seemed inversely 

proportional to the number of male calls per minute. Female 

answers probably stimulate an increase in rate of calling by 

males, and the reduced rate of female answering over time, 

down to 25 percent in the last 10 min, may explain the lower 

rate of male calling in this period. Females may lower their 

answering rate over time, because longer searching periods by 

males could indicate nonadaptive searching behavior or 

reduced sensory capacity. Such characters could indicate 

reduced fitness on the male's part which a "fit" female may 

respond to by lowering her answering rate. 

The number of beats per male call was more constant than 

for the female answer or male response (Fig. 22), especially 

within the first 15 min. Male calls and female answers 

recorded in the first 1-2 min were compared (Mann-Whitney 

U-test) with those in the 21st-25th min of the sessions. 

Neither number of beats or beat intervals changed 

significantly in the male call. However, two of the five 

males did produce a few apparently aberrant calls in the last 
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Fig. 21—Drumming exchanges of five pairs of 
Taeniopteryx burksi over 30 minute periods. 
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15 min. These calls appeared to have beats missing and/or 

irregular beat spacing which was not seen in the first 15 min 

of communication. Females rarely answered these altered 

calls. 

The female answers did show a significant (.05 level) 

decline in the number of beats per signal but no change in 

beat intervals. However, males continued to add a response 

signal after 97 percent of the female answers in the last 10 

min indicating that the reduced answers were still 

acceptable. 

I would expect the male call to be consistent, since the 

female's recognition and acceptance of this signal determines 

whether she will answer and thus establish or continue 

communication. Since she mates only once, she should answer 

only correctly performed male calls which are characteristic 

of her species, and it is possible that the ability to repeat 

this call accurately for as long as necessary for mate 

location is an indication to the female of the male's 

fitness. Males may mate with several females, so the male's 

choice of a mate is not as critical for his fitness 

maximization. Therefore, the female may not need to be as 

strictly stereotyped to keep the male "interested". Also, a 

reduction of beats may be an energy conservation measure for 

the female. 
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In summary, this experiment points out the need to 

measure mainly the initial exchanges from a pair, since 

failure to do so would overlook possible 4- and 5-way 

exchanges and possibly result in uncharacteristic data on the 

number of beats per signal. Also, extended communications 

may be unnatural, since in nature an unconstrained male could 

either locate the female or move out of communication range 

in much less than 30 min. 



CHAPTER V 

AGE EFFECTS ON THE DRUMMING BEHAVIOR OF 

PTERONARCELLA BADIA MALES 

Introduction 

No work to date has dealt quantitatively with possible 

age-related effects on the drumming signals and/or drumming 

tendencies of stoneflies. Age effects on various 

reproductive related behaviors have been uncovered in many 

insects, including: female attractiveness to males in 

Drosophila melanogaster (Cook and Cook 1975), mating behavior 

of the pink bollworm moth (Henneberry and Leal 1979), and 

courtship and copulation duration in Drosophila melanogaster 

(Long et al. 1980). This experiment was designed to examine 

potential age effects in the drumming behavior of male 

Pteronarcella badia (Hagen). 

Materials and Methods 

Pre-emergent nymphs of P_;_ badia were collected from the 

Conejos River, Conejos Co., Colorado in May, 1983* The 

drumming behavior of this species has been previously 

described and characterized (Zeigler and Stewart 1977; 

Stewart et al. 1982a). Nymphs were transported to the 

laboratory in chilled styrofoam ice chests and reared to 
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adulthood in a Frigid Unit LSW-700 living stream where light 

and temperature simulated natural habitat conditions. Virgin 

adults were collected shortly after emergence and housed 

individually in clean shell vials with cotton plugs which 

were wetted every 24 h. The vials were kept in an 

environmental chamber at 16+1 C with light and dark periods 

approximating natural conditions. 

Six males from each of two age groups (1-2 and 4-5 days 

of age since emergence) were selected randomly for analysis. 

Males were allowed 1-2 h to adjust to laboratory lighting and 

temperature (60-80 fc and 23-24 C) before being monitored for 

a 2-h period. The period of monitoring was done from two to 

four P.M. on separate days for each of the 12 males involved. 

Three drumming signals were recorded from each male using a 

Sony ECM-250D electret condenser microphone and a Superscope 

C-202LP cassette recorder for later analysis of signal 

characters. The number of beats per signal and beat interval 

lengths were measured by playing the recorded signals into a 

Tektronix 5111 storage oscilloscope for analysis. 

Comparisons (Mann-Whitney U-test) were made between the two, 

age groups for drumming tendency (calls per hour), number of 

beats per signal, and length of beat intervals. Longevity 

data were also collected and compared for both males (nr46) 

and females (n=50). 



65 

Results and Discussion 

No significant difference was found between the two age 

groups for number of beats per signal (1-2 days of 

age-6.8+0.9 beats; 4-5 days of age-5.8+0.6 beats) or beat 

interval length. I might have expected no significant change 

with age in the call itself, since the females, who mate only 

once, choose which calls to answer and thus establish 

communication contact. Females may therefore choose to 

answer only those calls which fall within a narrow range of 

variation which is characteristic for her species. Also, 

this call is presumably her only means of determining the 

male's fitness before tactile contact is made. 

A significant decrease was found between the two groups 

in drumming tendency, with the 1-2 day-old males producing 

63 -3±26.1 signals per hour and the 4-5 day-old males 

producing only 14.2+16.5 signals per hour. This difference 

probably means that younger males have a greater chance for 

locating females since more "exploratory" calls are sent out 

per unit time than for older individuals. 

This difference in drumming tendency could result from a 

direct aging effect or from a difference in energy stores. 

Adult stoneflies in general are thought to feed little or not 

at all in nature. If this is the case for P_̂  badia, then 

energy stores in the emergent adult must decrease steadily 

with age. It is unknown whether P. badia adults do feed in 
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nature. If they normally do, the noted difference in 

drumming tendency could be due to a difference in nutritional 

state rather than to an age effect since the experimental 

specimens were not fed. However, Finni (1975) reported that 

in Allocapnia granulata, a winter emerging stonefly, adults 

supplied with food and water lived significantly longer than 

those given nothing. He also found that adults given only 

water survived just as long as those given both food and 

water. The P_;_ badia in this study were observed resting with 

their mouthparts in contact with the wet cotton plugs as if 

drinking, especially after each wetting of the plugs. The 

plugs remained moist for several hours after each wetting, so 

at least water was available to the individuals used in this 

study. The males lived 7.2+3.1 days which was significantly 

shorter (Mann-Whitney U-test) than for females who lived for 

8 .6+2 .1 days. 



CHAPTER VI 

DETERMINATION OF FEMALE RECOGNITION THRESHOLDS BY USE OF 

ARTIFICALLY PRODUCED AND MODIFIED MALE CALLS 

Introduct ion 

The use of artifieally synthesized and/or modified male 

cricket calls has been used in a variety of recent studies to 

determine female response levels over an artifieally expanded 

range of call variations and to test the specificity of 

female response to calls of related species (Zaretsky 1972; 

Pollack and Hoy 1979; Hoy et al. 1982). Stonefly signals 

especially lend themselves to such an approach. Repeated 

observations and logic indicate that the sound frequencies in 

Hz produced by drumming are of secondary importance at best 

in comparison to the temporal pulse pattern of substratum 

vibrations resulting from drumming behavior (see Chapter 

III). Pulse patterns can be easily programmed using a 

typical desk-top microcomputer. The resulting signals can be 

recorded and modified to fit the requirements of the species 

in question. Also, these synthesized signals can be easily 

converted into substratum vibrations by a variety of methods. 

Carefully executed experiments, using several virgin females, 

could establish female recognition limits which may go beyond 
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the variation observed in laboratory situations with live 

pairs. The results may tell us something important about 

call structure and species recognition in insects in general. 

Materials and Methods 

Virgin adults of two species were reared from mature 

nymphs collected as follows: (1) Pteronarcella badia (Hagen), 

Conejos River, Conejos Co., Colorado, V—T — 1983J (2) 

Perlinella drymo (Newman), Middle Fork/Bosque River, Mclennan 

Co., Texas, 11-21-1983. The drumming behavior of both 

species had been previously characterized (Zeigler and 

Stewart 1977), so that by comparing the calls of a few fresh 

males to the published descriptions, the information needed 

to compose a synthesized male call was quickly acquired. 

Sound programs were written in TI Basic on a Texas 

Instruments 99/4A microcomputer to closely approximate the 

pulse pattern of the actual male call. As the programs were 

executed, the resulting sounds were recorded on a Superscope 

C-202 LP two-speed cassette recorder with variable speed 

control. The limits of the basic language (processing speed) 

sometimes necessitated additional temporal modifications 

using the variable speed functions of the C-202 LP recorder 

in order to achieve the desired results (Figs. 23, 24). 

Variations from the "normal" call were achieved by changing 

the program and/or varying the playback speed with the 

recorder controls. 
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Fig. 23—Pteronarcella badia; 
actual male call above; 
synthesized call below. 

Fig. 24—Perlinella 
drymo; actual male call 
above? synthesized call 
below. 
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Some preliminary experiments were done using live 

females contained inside manila containers with clear plastic 

lids ( 2 x 5 x 5 cm). The containers were placed near the 

playback speaker such that sound-to-substratum vibration 

conversion was possible. An alternate design was utilized 

for the actual data collecting phase of the experiments. It 

consisted of a small 8-ohm speaker with a short wooden rod 

glued perpendicular to the center axis of the speaker cone. 

This device was positioned so that the rod made contact with 

a dried mounted aspen branch on which the female was 

positioned (Fig. 25). When calls were played through the 

speaker, the speaker cone vibrations were transfered down the 

wooden rod directly to the aspen limb. This method seemed to 

work much better and required less volume (in the call 

playback) to elicit female answers. 

The preliminary experiments seemed to indicate that 

females lower their call recognition requirements just after 

receiving and answering an acceptable call. In other words, 

having answered a correctly delivered call, a female was more 

likely to.answer the next, call, even if this subsequent.call 

was "variant" in comparison to the initial call. A similar 

phenomenon has been noted in some cricket species (Zaretsky 

1972). For this reason, variant calls were always played to 

the females before the correct calls. Call repetition varied 

from two to five plays per variation, followed in each case 

by an equal number of correct calls. 
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Fig. 25—Mounted aspen branch and modified speaker 
for playback of male calls to live females. 
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Results and Discussion 

Table IV shows the actual number of answers per five 

calls per female (n=6 per comparison) in comparing four 

different variant calls to normal calls for Pteronarcella 

badia. Six different 2-3 day-old females were used for each 

comparison experiment. The equal interval call contained the 

normal number of beats (seven), but the beat intervals were 

constant at approximately 75 msec rather than increasing in 

length through the signal from approximately 60 to 100 msec 

as in the normal call. Calls of fewer than seven beats were 

produced by dropping beats from the end of the normal call, 

whereas the 10 beat call simply had three additional beats 

added at proportionally increasing beat intervals. 

The only variant call to show a significantly decreased 

female answering rate (Mann-Whitney U-test) was the four-beat 

call. Apparently the P_̂  badia call must have at least five 

beats or 71 percent of the normal seven-beat call to evoke a 

female answer. The 10-beat signal retains the information of 

the normal call and evokes high rates of female answering, 

although adding beats to an already effective call would be 

inefficient in terms of energy expenditure. Perhaps females 

might eventually detect this inefficiency and lower their 

answering rates to such lengthy calls, but this theory was 

not tested. 
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TABLE V 

PERLINELLA DRYMO FEMALE ANSWERING RATES FOR VARIANT 
VERSUS NORMAL SYNTHESIZED MALE CALLS 

Normal 3-beat 
call 

2-beat call 
missing 
last beat 

Normal 3-beat 
call 

2-beat call 
missing 

first beat 

3* 0 3 0 

3 0 3 0 

3 0 3 0 

3 3 3 0 

3 0 3 0 

3 0 3 0 

3 3 2 0 

3 1 3 0 

*Numbers indicate the number of answers per 
female per three male calls. 
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Table V shows similar results for females (n=8 per 

comparison) of Perlinella drymo in comparing two variant 

calls to the normal three-beat call. Each variant call 

consisted of two beats, but a different beat interval 

resulted depending on whether the first or the last beat was 

dropped (see normal call--Fig. 24). In either case, the 

variant call possessed only 67 percent of the information in 

the normal call. A significant decrease in female answering 

rates was noted for both variant calls when compared to those 

for the normal calls. Some females did answer calls missing 

the last beat (Table V), indicating that the initial beat 

interval may be more critical than the last in evoking female 

answers. 

The C-202 LP cassette recorder has a variable speed 

control which can be set to increase or decrease the playback 

speed by up to 15 percent. When checked for accuracy with an 

oscilloscope, the variation was actually more than 15 percent 

in both directions. The actual 15 percent points were 

determined and marked on the increase/decrease scale, and 

male calls were played to live females (n=12) of Perlinella 

drymo in increasing and decreasing increments of three 

percent speed variation up to 15 percent either side of 

normal speed. Female answering levels did not vary 

significantly over a total 24 percent range of speed 

variation in the male call. Preliminary experiments with 
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only two females of Pteronarcella badia indicated no variance 

of female answering levels over the full 30 percent range. 

These results indicate that the duration of the male 

call can vary over a relatively wide range and still evoke 

female answers. This might make perfect sense considering 

that the signal duration of these ectotherms is affected by 

temperature (Zeigler and Stewart 1977), and that the small 

size of stoneflies allows them to exist in a variety of 

thermal microhabitats in the debris and vegetation along a 

stream bank. A male might easily be calling from a 

microhabitat which is either cooler or warmer than the 

microhabitat of a nearby virgin female. His call would 

therefore be either longer or shorter in duration than if he 

were at the same temperature as the female. A wide window of 

recognition for call duration would presumably benefit the 

female in such a situation. 



CHAPTER VII 

PERIODICITY 

Introduction 

The possibility of exogenous or endogenous diel 

periodicity is a major uninvestigated aspect of drumming 

behavior in stoneflies. Such periodicity has been 

demonstrated in male attraction to female pheromones in 

noctuid moths (Shorey and Gaston 1965), oviposition in 

grasshoppers (Lober and Chandrashekaaran 1969), mating 

behavior in fruit flies (Tychsen and Fletcher 1971) and in 

various other aspects of insect reproductive behavior. This 

chapter reports some preliminary work on the possible 

periodicity of drumming behavior in male stoneflies of two 

species. 

Materials and Methods 

Virgin adults of two species were reared from mature 

nymphs collected as follows: (1 ) Hydroperla crosbyi (Needham 

and Claassen), Clear Creek, Denton Co., Texas, II and 

III—1982; ( 2 ) Perlinella drymo (Newman), Middle Fork/Bosque 

River, Mclennan Co., Texas, 1 1 - 1 9 8 2 . The nymphs were reared 

in styrofoam ice chests placed outdoors under natural 

conditions. At emergence, females were removed to the 
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laboratory for other experiments. Males were collected and 

housed in sterile shell vials with moist cotton plugs in a 

shaded area near the ice chests. 

Two to three day-old males were used in each of two 24 h 

monitoring periods (one per species). Four males per species 

were monitored with a stereo headphone set connected to a 

Superscope CD-320 stereo cassette recorder. Two males were 

monitored by each of two Sony ECM 95S electret condensor 

microphones. The two males were located in either side of a 

divided manila paper chamber ( 3 x 5 x 5 cm) with a lid of 

large mesh window screen material. Each chamber rested just 

over the microphone so that any drumming activity would be 

detected. 

The experiment was conducted outside under natural 

conditions with no artificial light sources near or in view 

of the recording chambers. The calls of the males were 

recorded as calls per hour over the 24 h period which began 

at 12 A.M.. Temperature, light, and relative humidity levels 

were measured every hour on the half hour using a centigrade 

thermometer, a Kahl Model 268WA620 light meter and a 

Bacharach Model 122-7008 hygrothermograph, respectively. 

Results and Discussion 

Figure 26 shows the drumming patterns for H_;_ crosby i. 

Calling rates appear to be positively related to temperature 
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and/or light and negatively related to humidity. 

Interestingly, the calling rates of drymo (Fig. 27) appear 

to be reversely correlated for all three factors when 

compared to crosbyi. 

One working hypothesis was that high humidity might make 

most natural substrates more dense and less suitable for the 

transmission of substrate vibrations (see Chapter III), thus 

calling rates might be expected to drop during periods of 

high humidity. The conflicting relationships observed 

between calling rates and humidity (Figs. 26, 27) leave this 

hypothesis unsupported. A similar hypothesis concerning 

temperature would be equally unsupported based on the 

available data. 

In short, these data are obviously preliminary due to 

low sample size and lack of laboratory controls in which the 

environmental factors are alternately varied and in which all 

factors are held constant. The data at least indicate the 

presence of diel periodicity in drumming behavior. In view 

of the conflicting relationships observed between the two 

species, the nature of the periodicity (exogenous or 

endogenous) is still an unanswered question. 



CHAPTER VIII 

GENERAL CONCLUSIONS 

The continuing accumulation of comparative data on 

drumming behavior within the Plecoptera is, as expected, 

turning up some strong behavioral similarities between 

congeneric species and more general resemblances within 

families. Three species of Taeniopteryx all exhibit 

monophasic male calls with increasing beat intervals. 

Species of Pteronarcella share these characters but with 

substantially fewer beats per call. Male calls of 

Pteronarcys species are similar to those of Pteronarcella 

but have beat intervals at least twice as long as those of 

Pteronarcella species. Male calls of most Soliperla species 

have similar numbers of beats with relatively constant beat 

intervals. Hydroperla species have male calls of seven to 

eight beats divided into two distinct beat groupings. 

Congeneric female signals seem to have equally similar 

patterns, although female signal characterizations are not 

as numerous (in numbers of species) as those for male calls. 

Family level trends are less distinct, but are 

beginning to be evident in some families. All 

Pteronarcyidae species have a similar number of beats in the 

male call and female answer with increasing or constant beat 
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intervals. Many species in the family Perlodidae have male 

calls with a grouped beat pattern. This character has 

rarely been observed outside the Perlodidae. 

Such varying degrees of behavioral similarity within 

different taxon levels correspond well with the documented 

patterns in cricket calls (Alexander 1962). Continuing 

descriptive work will be most beneficial within and among 

those families displaying basic differences in the 

occurrence and complexity of drumming (such as Perlidae and 

Perlodidae), since extant species drumming variations may 

suggest a plausible pattern of evolutionary development, 

similar to that suggested for the mating behavior of ballon 

flies in the classic work of Kessel (1955). 

Such basic descriptive work must be done carefully as 

suggested in Chapter IV, since failure to record and 

concentrate on the initial exchanges of virgin pairs of 

known age may distort the characterizations. No species 

should be classified as a non-drummer without a lengthy 

monitoring period of several adults under a variety of 

natural conditions. Hydroperla crosbyi had been tenatively 

identified as a non-drummer until proven otherwise by just 

such an effort. Along with the basic characterizations, 

analysis of intraspecific and individual variation in 

several species with drumming behavior of varying 

complexities would be beneficial for comparison purposes. 
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The results of the various effective distance 

experiments indicate that drumming communication is 

accomplished primarily via substrate vibrations and that 

substrate selection could be an important aspect of 

successful communication. Such a communication mode seems 

well suited for the generally weak flying and secretive 

stonefly adults occurring in streamside vegetation since it 

does not depend on wind currents or evaporation rates as in 

chemical communication, nor on daylight hours as in color, 

pattern, and/or movement attraction, nor on darkness as in 

firefly communication. 

The upper limits of effective distance presented in 

Chapter III (up to 8 m) may represent unnatural limits under 

super-optimal conditions. A continuation of this work 

should concentrate on extensive field observations 

(quantified where possible) of stonefly communication under 

natural conditions on "preferred" natural substrates. 

The data presented in Chapter VI indicate that females 

have a relatively wide "window of recognition" in terms of 

acceptable variation in the male call and that the limits of 

acceptable variation can be determined experimentally. The 

lack of female discrimination in signal duration may relate 

to the variation in thermal microhabitats along stream banks 

where these ectotherms communicate. Computer simulation and 

alteration of drumming signals could be used to test 
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predictions based on evolutionary theory. One such 

prediction is that the observed variation in male calls and 

the amount of variation acceptable to the female should be 

low in species whose emergence is sympatric and synchronic 

with a number of other stonefly species which also drum with 

generally similar signals. This prediction derives from the 

fact that drumming is a probable pre-mating isolating 

mechanism, and selection is believed to result in accurate 

and precise pre-mating isolating mechanisms where related 

species coexist. 

The apparent widespread occurrence of drumming within 

the suborder Arctoperlaria suggests a long evolutionary 

history for the behavior. The variety of drumming signals 

characterized to date suggests the possibility of using 

morphological and behavioral characters in an attempt to 

propose a phylogeny for drumming within the suborder. 

Field studies may discover "correlations" between the 

environment (available natural substrates, photoperiod, 

climatic factors, etc.) and certain drumming 

characteristics such that convergence may be suggested. 

Periodicity of drumming would be a likely candidate for such 

a correlation attempt, as would the apparently rare 

situation where females as well as males may initiate 

drumming exchanges. For example, this last character which 

was tentatively suggested in Soliperla species, may be 
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related to the restricted niche of these splash-zone species 

and the resultant low numbers of adults in the surrounding 

terresterial environment. 

Drumming may also have secondary functions not related 

directly to mate location. Some observations have hinted at 

intrasexual drumming interactions in males, possibly for 

spacing (territorial), aggregation, or aggression purposes. 

Determining if such interactions exist and how they might 

relate to fitness would be important contributions. 

Perhaps even interspecific interactions have developed. 

Since some spiders use substratum vibrations in 

intraspecific communication, might not some species have the 

sensory mechanisms necessary to key in on stonefly drumming 

for predation purposes? 

Although stoneflies are not known to hybridize readily 

in nature (perhaps as a result of their behavioral 

isolation), some exceptions apparently do exist (Hanson 

1960). Detailed studies of drumming in such situations 

could increase our knowledge of behavioral genetics (since 

drumming signals are instinctive behavior patterns). 

These suggestions and questions only hint at the wealth 

of behavioral and evolutionary information that may lie 

dormant in this little investigated system of insect 

communication. 
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