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Sex Discrimination in Gerris remigis: Role of a

Surface Wave Signal

Abstract. Even when blinded with masks, adult male water striders (Gerris re-
migis) accurately ascertain the sex of other adult water striders in the laboratory.
Freely moving females that were artificially made to play back computer-generated
male surface wave and body-contact signals of about 90 waves per second were
treated as males by the masked males and as females when no such playbacks were
made. Thus, the males can use presence or absence of the male signal as the sole

means for sex discrimination.

Gerris remigis is a large riverine water
strider (body length, 12 to 14 mm)—the
most widely distributed North American
species of the insect family Gerridae (/).
Adults and nymphs produce intraspecific
surface wave signals during spacing and
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mating behavior by vertical oscillations
of their legs in a fashion similar to that
used by adults of the Old World species
Rhagadotarsus kraepelini ). Gerris re-
migis males (third-instar nymph through
adult stage) can produce high-frequency
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(HF) surface wave signals of 80 to 90
waves per second (Fig. 1) and low-fre-
quency signals of 3 to 10 waves per sec-
ond. Females (third-instar nymph
through adult stage) produce only low-
frequency signals. Previously, I demon-
strated that, in R. kraepelini, signals
from males attract receptive females and
may induce oviposition (2). I now report
experiments in which an unusual play-
back technique is used to show that adult
G. remigis males can discriminate adult
sex solely by whether or not other adults
produce HF signals.

During many field trips in Kansas and
New York from 1975 to 1978, I saw G.
remigis males in their mating season re-
peatedly approach to within a few cen-
timeters of other adults and apparently
test each adult by producing HF surface
wave signals or by grasping them. If a
male was grasped, the two males ex-
changed HF signals while in contact, and
then the grasping male disengaged and
moved away. Males in close proximity (a
few centimeters) generally exchanged
HF surface wave signals, whereupon the
approaching male would either grasp the
other or move away. If the approaching
male encountered a female, however, he
usually attempted to copulate after test-
ing her with an HF surface wave signal
or grasping her (attempted copulations
were easily distinguished from male-
male encounters). Males also tested
adults by approaching closely and re-
maining briefly without signaling. If the
approached individual did not produce
an HF signal, the approacher would usu-
ally attempt copulation. When approach-
ed, males generally maintained their po-
sition and, if grasped, raised their bodies
and signaled immediately. However, fe-
males often moved away when ap-
proached and, if grasped, reacted with
anything from passive acceptance of
copulation to violent attempts to dis-
lodge the male.

From these observations I hypothe-
sized that males can use presence or ab-
sence of the HF signal to discriminate
adult sex. In trial series 1 and 2, I tested
this hypothesis by determining whether
sighted and masked males discriminate
sex in the laboratory during their mating
season. Trial series 3 was designed to as-
certain whether males can use only pres-
ence or absence of the HF signal to dis-
criminate sex.

In trial series 1 and 2, three males were
placed in an aquarium (surface area, 18
by 30 cm) (3) and were then required to
discriminate between visitor males and
females. Each visitor was introduced in
random order with respect to sex at in-
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tervals of at least 10 minutes. The resi-
dent males were scored according to
whether or not they attempted to copu-
late with a visitor (¢). In trial series 2,
each resident male was blinded with a re-
movable rubber mask (5).

Table 1 shows that, in all 120 trials of
series 1 and 2, sighted and masked males
always discriminated the sex of visitors
correctly. Also, in all introductions of
males, HF surface wave or contact sig-
nals were always exchanged between
resident and visitor males. Thus males
can discriminate sex accurately and
without visual cues.

In trial series 3, I ascertained whether
the HF signal is sufficient for sex recog-
nition by noting how the male responded
to freely moving females through whom
computer-generated HF signals were or
were not sent. Each female thus became
her own control, without interrupting the
flow of interactions. The technique in-
cluded gluing a tiny samarium-cobalt
magnet to the top of the femur of a fe-
male’s foreleg, letting her move about in-
side a coil of magnetic wire (28 cm in di-
ameter), and then using an IMSAI 8080
microcomputer to play the HF signal
(shown in Fig. 1) through an amplifier in-
to the coil. The vertically oriented elec-
tromagnetic fluctuations oscillated the
magnet vertically, making the foreleg
produce a surface wave signal with fre-
quency and amplitude characteristics

Fig. 1. High-frequency signal of adult male G.
remigis during spacing behavior, recorded in
the field by the galvanometer technique of
Wilcox (2). The analog signal on magnetic
tape was digitized at a sample rate of 4000 per
second (8 hits per sample) by the analog-to-
digital board in an IMSAI 8080 micro-
computer and then displayed on a Tektronix
4006-1 graphics display terminal. For the cen-
tral, stable-frequency group of waves, peak-
to-peak analysis of the signal gives an average
of 90.4 waves per second. This signal was
used for the playback experiments.

that appeared from recorded playbacks
and photographs to be very similar to the
normal male HF signal (see cover) (6).
Neither the presence of the magnet on
the foreleg nor the playbacks appeared
to affect the behavior of the females.
With due caution (behavioral responses
to strong electromagnetic fluctuations
are always possible), the coil-and-mag-
net playback system appears well suited

Table 1. Responses of resident male Gerris remigis to visitor males and females (trial series 1
and 2) and to females through whom high-frequency signals were or were not played back (trial

series 3, a to e).

Attempts

*
to copulate Playbacks No playbackst
At- At-
Num- tempts No tempts No
Trial L ber to copu- to copu-
series Situation N ¢ With  With copu- lation copu- lation
trials female male late with late with
with fe- with fe-
fe- male fe- male
male male
1 Sighted residents 3 60 30 0
Sighted visitors 20
2 Masked residents 3 60 30 0
Sighted visitors 20
3a  Masked male 1 54 0 25 29 0
Masked female 1
3b Masked male 1 10 0 8% 2 0
Masked female 1
3¢ Masked male 1 20 0 11 9 0
Masked female 1
3d  Masked male 1 20 0 10 10 0
Masked female 1
3e  Masked male 1 20 0 11 9 0
Masked female 1

*Experimental condition. +Control condition.

began.
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{Male was already grasping female when playbacks

for experimentation on various substrate
communication modes—for example,
web communication among spiders (7).

In trial series 3, I allowed a masked
male and a masked, magnet-bearing fe-
male to encounter each other repeatedly
as they moved about inside the coil (8).
(Such repeated encounters occur com-
monly under natural conditions.) I ran-
domly played signals (experimental con-
dition) or did not play signals (control
condition) when the male showed inter-
est in copulating with the female by
closely approaching her head on and ei-
ther attempting to grasp her or succeed-
ing. In all playback encounters except
trial series 3b (see below), I played the
signals when the male was within about
2.5 cm of the female, just before he
would have grasped her. Thus these
males could discriminate sex only
through the presence or absence of play-
back surface wave signals (9). This pro-
cedure also tested whether males re-
membered the (apparent) sex of individ-
uals from the preceding encounter.

All trials were videotaped and then re-
viewed for scoring. I scored only those
encounters in which males approached
slowly to within about 2.5 cm of females,
so that the males would be able to clearly
sense the presence or absence of play-
back signals. In trial series 3, a to e,
males always treated females as males
when signals were played and as females
when signals were not played. Males al-
ways replied to playbacks with HF sig-
nals. In the first trial of series 3b (a non-
playback trial), the female copulated
readily. In eight of nine subsequent trials
I played signals only after the male had
grasped the still-receptive female, but
before copulation had occurred. The
male dismounted each time (/0).

These experiments demonstrate that
the HF signal is sufficient for G. remigis
males to discriminate sex. Even if nor-
mally involved, visual cues and body
postures and movements are not neces-
sary for sex discrimination. Chemical
cues also appear unimportant, since con-
tact playbacks in series 3b repulsed the
male even after he had had opportunity
to receive possible pheromones from the
same female he had copulated with
shortly before. Males appear not to re-
member the sex of individuals involved
in previous encounters once close con-
tact is broken.

The coil-and-magnet playback system
should help to elucidate the role of fre-
quency and wave-form characteristics of
the HF signal in sex discrimination as
well as in examining HF signal functions
in the other contexts in which it occurs,
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such as in individual distance mainte-
nance, territoriality, and food defense.
Gerris remigis produces other surface
wave signals, and at least four coexistent
species of Gerris near Binghamton, New
York, produce such signals, providing an
opportunity for interspecific studies. The
occurrence of surface wave signals in at
least 2 of 53 Gerridae genera suggests
that further comparative and experimen-
tal studies on the many species not yet
examined may reveal patterns lending in-
sight into the evolution of surface wave
communication.

R. STiMsoN WiLcox
Department of Biological Sciences,
State University of New York,
Binghamton 13901
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Shifts in Perception of Size After Adaptation to Gratings

Abstract. After viewing a suitable grating of vertical stripes for 5 minutes, subjects

overestimated the width of a rectangle by 6 percent. The shifts in perception of size
occurred whether individual stripes in the grating were narrower than, equal to, or
wider than the rectangle. Rectangle width was underestimated only if the grating
stripes were extremely wide, with a spatial frequency lower than most of the effective
amplitude spectrum of the rectangle. These findings (and complementary ones with
horizontal gratings) suggest that the visual system codes size on the basis of spatial

frequency components, rather than directly in terms of width.

Two hypotheses currently address
size coding in the visual system. One is
that the visual system codes the local
feature of size per se. The other, less in-
tuitive hypothesis is that the visual sys-
tem codes size by doing something like a
crude Fourier or spatial frequency analy-
sis of patterns into the appropriate spa-
tial frequency components. We here
present findings that are more consistent
with coding in terms of spatial frequency
components.

Others have shown that, after viewing
vertical gratings in which intensity var-
ied sinusoidally across the stripes, ob-
servers perceived spatial frequency of
other vertical sinusoidal gratings as
shifted (/, 2). Gratings higher in spatial
frequency (the number of cycles of the
grating per degree of visual angle) than
the adapting grating appeared higher
still, while gratings of lower frequency
appeared lower still. Thus, adaptation

tends to make gratings appear more dif-
ferent from the adapting frequency than
they really are.

If information regarding size or fre-
quency (or both) is carried by channels
selectively tuned to spatial frequency (/-
3), adaptation to a particular grating
would depress the sensitivity of the
channels maximally responsive to that
spatial frequency. The central tendency
of the distribution of responses of all spa-
tial frequency channels would thus be
shifted away from the adapting frequen-
¢y, and the perceived frequency would
also be shifted.

Alternatively, spatial vision may be
mediated by size-specific rather than by
frequency-specific mechanisms ¢). Un-
der a size-specific model, the visual field
is assumed to be made up of small, over-
lapping regions (receptive fields), each
sensitive to objects of a particular size
(such as the width of a single light or
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Fig. 1. (A) The perceived widening of a rectangle observed by one subject after adaptation to
vertical gratings with sinusoidal intensity distributions. A ratio of 1:1 on the x-axis indicates
equal widths for adapting bars and test rectangles; on the y-axis, 0 indicates no change in per-
ceived size. The width for an adapting stimulus is a half cycle of the grating. Bars indicate
standard errors. (B) A subject’s matches of the apparent spatial frequency of two vertical grat-
ings, only one of which fell on the retinal region previously exposed to the adapting grating
[replotted from figure 2 of (/)]. If a size-specific model were correct, the perceived size shift
of a rectangle (Fig. 1A) should resemble that for gratings (Fig. 1B).
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