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Why do Ephemerella nymphs scorpion posture: a “ghost of

predation past”?

Barbara L. Peckarsky and Marjory A. Penton

Introduction

Peckarsky, B.L. and Penton, M. A. 1988. Why do Ephemerella nymphs scorpion
posture: a “ghost of predation past”? — Oikos 53: 185-193.

The behavior of intact Ephemerella infrequens (Ephemeroptera, Ephemerellidae)
and Ephemerella with cerci amputated was observed in response to encounters with
live predaceous stoneflies (Megarcys signata, Plecoptera: Perlodidae), tethered-live
and tethered-model predators, freshly excised stonefly antennae, and thin wires. The
incidences of defensive posturing (scorpion posture), movement (crawl, swim, drift)
and freezing (no response, stop) behavior were video-taped in response to these
predatory stimuli. Scorpion postures occurred with significantly higher frequency
when Ephemerella was touched by live and model Megarcys than by Megarcys
antennae and wires, with no differences between the two former or the two latter
treatments. Frequency of posturing was not altered by prey orientation toward or
away from predators or by direction of predator approach with respect to current
(upstream, downstream, or beside prey). Thus, hydrodynamic cues associated with
live and model Megarcys rather than simple tactile, chemical or visual cues are
probably most important in stimulating Ephemerella to scorpion posture. Removal of
Ephemerella cerci resulted in a decreased incidence of scorpion posturing, and
modification of frequencies of movement and freezing behaviors with predator-prey
orientation. These results suggest that cerciless mayflies may have impaired or
altered sensory systems. However, cercal removal did not increase Ephemerella’s risk
of predation, since numbers of intact and cerciless prey consumed during predation
trials did not differ. Gut content analysis of Megarcys showed that they were size
selective on smaller Ephemerella, which are known to scorpion posture with signif-
icantly lower frequency than large Ephemerella. We speculate that the posture is an
evolutionary relict, a “ghost of predation past,” that is not as effective in smaller
individuals, which are also softer-bodied and have smaller spines. Present-day prefer-
ence for small Ephemerella or other mayfly species over large Ephemerella may be
attributed to the historical effectiveness of the scorpion posture, long prey handling
times, difficulty in prey capture, or absence of an appropriate behavioral attack
stimulus. None of these factors was affected by removal of cerci.

B. L. Peckarsky, Dept of Entomology, Cornell Univ., Ithaca, NY 14853, USA, and
Rocky Mountain Biological Laboratory, Crested Butte, Co 81224, USA. M. A. Pen-
ton, Rocky Mountain Biological Laboratory, Crested Butte, CO 81224, USA.

directly anteriorly (Peckarsky 1980). This posture is
exhibited following approximately 40% of touch en-

Immature mayflies of the genus Ephemerella posture in
response to presence of predatory stoneflies (Peckarsky
1980, 1987, Williams 1987). Ephemerella flex their cau-
dal filaments and posterior abdominal segments verti-
cally over their dorsum. The extent of the posture
ranges through almost a 180° radius, from cerci slightly
elevated above the substrate surface to cerci pointing
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counters with predaceous stoneflies (Peckarsky 1980,
1987). Mayflies that do not posture either remain or
become motionless (freeze) or move (crawl, swim, or
drift) in response to predators.

Defensive postures have been reported for many
other insect and noninsect species (see Edmunds 1974
and Curio 1979 for reviews). Postures may function in a
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Fig. 1. Scanning electron micrograph of caudal filaments of
Ephemerella infrequens (186x) (Martinez 1987).

variety of ways, blocking most stages of a successful
predation event (Endler 1985). Postures may alter the
apparent prey size and shape, thus disrupting detection
or identification by predators using visual or, in aquatic
habitats, hydrodynamic cues. Or they may serve as be-
havioral aposematism, warning predators of true or
false (mimicry) punishing defenses, disrupting the sub-
jugation (if true) or identification (if false) stages of a
successful predation event. Alternatively, a posture can
startle an approaching predator long enough to enable
the prey individual to escape.

Previous work on the stimuli producing Ephemerella
“scorpion” posture enables elimination of some of these
alternative hypotheses for mode of effectiveness. Al-
though the posture is exhibited primarily when mayflies
are touched by a predaceous stonefly, occasionally
(20% of all postures) mayflies “scorpion” in the absence
of predator touches, especially when a stonefly is imme-
diately upstream of the prey individual (Peckarsky
1987). Small individuals posture less frequently than
larger members of the same population (Peckarsky
1980, 1987). There is some variation in the frequency of
the scorpion posture with species of predaceous stonefly
tested (Peckarsky 1980), consistent with relative risk of
predation. Specific body parts of predators touching
prey and particular prey body region touched also affect
frequencies of posturing (Peckarsky 1987).

Since stoneflies are crepuscular, many species forag-
ing mainly at night (Walde and Davies 1985, Sjostrém
1985, Martinez and Peckarsky, in prep.) and under
stones effectively without as with eyes (Martinez et al.,
submitted), visual crypsis or masquerade is an improb-
able function of the scorpion posture. Stoneflies do,
however, respond to swimming patterns of their prey
(Peckarsky and Wilcox, submitted), which makes hy-
drodynamic crypsis or masquerade a possible mecha-
nism. Ephemerella is a relatively spiny mayfly, possess-
ing a high density of long spines on its cerci (Fig. 1), in
addition to abdominal and femoral spines (Martinez
1987). Thus, foraging stoneflies, which probe the sub-

186

strate with their antennae in search of prey, may be
discouraged from attacking such spiny prey.

It is also possible that the posture warns predators of
bad taste, since stoneflies have been shown to distin-
guish prey using chemotactile cues (Martinez and Peck-
arsky, submitted). Predators are sometimes visibly re-
pulsed after touching Ephemerella in scorpion posture.
Thus, the mechanical or chemical defenses are possible
modes of effectiveness. But stoneflies have been ob-
served to attack readily Ephemerella whose regular pat-
tern of behavior is artificially disrupted by programming
these mayflies to “swim” like the preferred mayfly spe-
cies, Baetis bicaudatus (Peckarsky and Wilcox, submit-
ted); the observation of Ephemerella remains in the
stomachs of stoneflies (Peckarsky 1985) indicates that
they are at least palatable, invalidating the bad taste
hypothesis. Finally, since mayflies do not escape (flee)
soon after posturing, the scorpion posture probably
does not startle stoneflies.

The objectives of this paper include distinction be-
tween the remaining hypothesis potentially explaining
the effectiveness of the Ephemerella scorpion posture.
Experiments were designed to enable rejection of the
most probably hypotheses: (1) the apparent size and
shape hypothesis and (2) the punishing defense hypo-
thesis. In addition, data were obtained to (3) pinpoint
the specific stimuli producing the scorpion response.
Experiments isolated visual, chemical, hydrodynamic
and tactile predator stimuli to assess their relative ef-
fects on the frequency of the scorpion response.

Methods

Behavioral experiments were conducted at Benthette
Brook, a first order tributary of the East River at the
site of the Rocky Mountain Biological Laboratory,
Gunnison Country, Colorado. Ephemerella infrequens
(Ephemeroptera, Ephemerellidae) were collected from
the East River and placed in observation boxes con-
structed of plexiglass with nitex mesh (80 um) ends.
Nitex was also glued to the floor of the boxes (20 x 10
cm) as a “foothold” for insects and a grid on which
measurements of size and distance could be made. Sides
of the observation boxes were also nitex-covered and
sloped at 45° to facilitate viewing from above. A vertical
plexiglass “guard rail” was attached to each side to
prevent insects from crawling out of the arena. Behav-
ior was recorded on video tape using a DC-Battery
operated system described by Peckarsky et al. (1984).
The observation boxes and video arena are illustrated in
Peckarsky and Penton (submitted A).

In July and early August 1984-5, six trials of an exper-
iment were run in which the behavior of 15 Ephemerella
with intact cerci was contrasted to that of 15 Epheme-
rella with amputated cerci. Fresh-caught mayflies were
hand-held for a few seconds while cerci were excised
with a surgical scissors. Individuals were then placed
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Tab. 1. Means + 1 se (mm) head capsule widths of predators
and prey used in experiments. There were no differences be-
tween sizes of cerciless vs intact Ephemerella tested within any
season. Sample sizes given in parentheses (N).

Trial Megarcys Ephemerella
1984 Behavior 3.51%0.18 ( 6) 1.63+0.01 (77)
1985 Behavior 3.28%0.14 ( 6) 1.18+0.01 (85)
1987 Predation 3.23+0.06 (35) 1.17%£0.05 (29): not eaten
0.9310.04 (37): eaten

immediately in the observation box and watched for
15-20 min before beginning the trials. No individuals
were injured or apparently traumatized by this proce-
dure. All trials were run between 9 A.M. and noon
mountain daylight time. Each mayfly treatment was
introduced into separate observation boxes, and may-
flies were subjected for 10 min to pursuit by Megarcys
signata (Plecoptera, Perlodidae), the predaceous stone-
fly whose habitat and life cycle most closely overlaps
with that of Ephemerella. Sizes of predators and prey
used in experiments are summarized in Tab. 1.

Four predator treatments were used in 1984: (1) in-
tact, free-living stoneflies, (2) intact, tethered stoneflies
(a thin wire was attached to the ventral abdomen with
non-toxic glue), (3) stonefly models (preserved stone-
flies were “petrified” by spraying them with clear acrylic
paint, then glued to a wire as above), and (4) stonefly
antennae (also glued to a wire). In 1985, the live-preda-
tor treatment (1) was omitted, since frequencies of prey
responses to live and tethered stoneflies were statisti-
cally indistinguishable (see Results), and prey stimulus
using tethered stoneflies could be controlled for more
efficient data acquisition. A fifth treatment was added
in 1985: (5) wire alone.

Tab. 2 summarizes the information that could be ob-
tained from contrasts between each prey X predator
treatment. Amputation of Ephemerella cerci could dis-
rupt their sensory systems, causing them to respond to
stoneflies differently. Or, loss of cerci could render

Tab. 2.

them more vulnerable to predation. In the latter case,
increased rates of predation or attack on cerciless Ephe-
merella could be due to reduction of spininess, or to
reduction of the ability to alter apparent size and shape
(objectives 1 and 2). These two mechanisms need only
be distinguished if predation and/or attack rates are
affected by loss of cerci. Contrasts among the four pred-
ator treatments (assuming that there are no measurable
artifacts associated with tethering stoneflies) enable dis-
tinctions to be made among the sensory cues that stim-
ulate Ephemerella to scorpion or otherwise respond to
stoneflies (objective 3).

In addition to these main effects, video recordings
were used to obtain detailed information on the effects
of touching mayflies with different parts of intact stone-
flies (antennae vs legs), and of touching different re-
gions of the mayflies’ bodies (anterior, posterior, dor-
sal, lateral). Direction of mayfly orientation and of
predator approach were also recorded as another
method of ascertaining the possible influence on prey
responses of visual or chemical cues. These effects could
be contrasted between intact and cerciless prey and
among predator treatments.

Predation trials were conducted in the East River
during summer 1987 to further test whether Epheme-
rella cerci were a deterrent to Megarcys predation. Fif-
teen intact or 15 cerciless Ephemerella were placed in
25x 10X 10 cm plexiglass boxes with 800 pm mesh
ends. Boxes contained standardized natural substrate
materials (coarse cobble), and were placed in about 7-8
cm of water. Half the boxes of each Ephemerella treat-
ment received one 24-h-starved Megarcys, and half
served as controls with no predator. Boxes were left in
the stream from 0500 P.M. (MDT) to 0700 A.M, the
time of maximum stonefly feeding (Martinez and Peck-
arsky, unpubl.), after which they were destructively
sampled. The remaining mayflies were counted and a
random subsample was preserved for head capsule
measurements. Megarcys were also preserved for size
measurements and stomach content analysis (see Tab.

1.

Treatment comparison Information obtained

Prey:
Intact vs cerciless

1. Measures influence of cerci on frequency of posturing behavior.

2. Provides evidence of importance of cerci in effectiveness of posture.

Predators:

Free-live vs tethered-live
Tethered-live vs model
Tethered-live vs antenna
Model vs wire

Antenna vs wire

Identifies experimental artifacts of tethering procedure.

Identifies importance of chemical cues in predation detection.

Identifies importance of visual and hydrodynamic cues associated with intact stoneflies.
Enables distinction between visual plus hydrodynamic cues and purely tactile cues.
Enables distinction between chemotactile and tactile cues.

OIKOS 53:2 (1988)

187



Tab. 3. Observed (and expected) scorpion, movement and
freeze responses of intact and cerciless Ephemerella to live-free
and live-tethered Megarcys

Intact Ephemerella Cerciless Ephemerella

Live-free Live-tethered Live-free Live-tethered

Megarcys  Megarcys  Megarcys  Megarcys
Scorpion 60 (58) 30 (32) 12 (14) 32 (30)
Move 72 (74) 43 (41) 19 (23) 57 (53)
Freeze 22 (19) 12 (12) 18 (12) 21 (27)
Results

Since the frequencies of scorpion postures, movement
(crawl, swim, drift) and “freezing” responses (stop mov-
ing or no response) did not differ between intact or
cerciless Ephemerella when touched by live-free Meg-
arcys and live-tethered Megarcys, tethering predators
caused no measurable change in prey behavior (Tab. 3,
¥qr = 0.819, 5.750, intact and cerciless Ephemerella re-
spectively). Thus, tethering Megarcys was considered a
valid treatment by which to measure prey responses to
live predators. Hereafter, all references to the live
Megarcys treatment refer to tethered-live individuals.

Relative frequencies of the three prey response cate-
gories (scorpion, move and freeze) were arcsine trans-
formed and compared by a Kruskal-Wallis test among
four predator treatments (all but live-free Megarcys). If
these tests were significant, pairwise Mann-Whitney U
tests were performed with null hypotheses rejected at
reduced alpha levels: a = 0.05/n where n = the number
of experimentwise comparisons (Bonferoni’s Inequal-
ity, Snedecor and Cochran 1980). For both intact and
cerciless Ephemerella, the frequency of scorpion pos-
ture was significantly higher when touched by live and
model Megarcys than by Megarcys antennae or wires,
with no difference between the two former and two
latter predator treatments (Fig. 2, top). There were no
significant differences among predator treatments for
frequency of movement or freeze responses (Kruskal-
Wallis tests, Fig. 2, center, bottom).

Mann-Whitney U tests were used to compare the
frequencies of responses between intact and cerciless
mayflies within each predator treatment. Scorpion pos-
turing occurred significantly more often in intact than
cerciless Ephemerella but only with live predators. All
other comparisons between responses of intact and cer-
ciless mayflies were not significant (Fig. 2). Thus, the
only measurable effect of excising Ephemerella cerci
was a reduction in frequency of defensive posturing
when encountered by a live predator.

No Ephemerella individuals were attacked or eaten
during 10-min trials as in previous behavioral experi-
ments (Peckarsky 1980, 1987). Thus, loss of cerci con-
ferred no apparent increase in vulnerability to preda-
tion. Results of predation trials confirmed this hypothe-
sis, since numbers eaten of intact and cerciless
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Ephemerella did not differ significantly (Mann-Whitney
U test), although the mean was slightly higher for cerci-
less mayflies (Fig. 3). However, an interesting finding of
the gut content analysis was that the mean size of Ephe-
merella individuals consumed (in guts) was significantly
smaller than the mean size of mayflies remaining in
predation trial boxes (Tab. 1; Mann-Whitney U test,
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Fig. 2. Percent of encounters with each predator treatment
resulting in scorpion posture (top), movement (crawl, swim or
drift) (center), and freezing behavior (bottom). Means + 1 se
of six 10-min observation periods. Differences in % scorpion
postures among predator treatments were significant for both

1
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intact and cerciless

Ephemerella (Kruskal-Wallis
p<0.05).

test,
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NO. EPHEMERELLA MISSING
(x+ se.)

INTACT CERCILESS

Fig. 3. Mean * 1 se intact and cerciless Ephemerella missing
from predation trial boxes with Megarcys present, corrected
for average number missing from controls for each prey treat-
ment (N = 18).

p<0.001). This result suggests that smaller Epheme-
rella individuals were more vulnerable to predation than
large mayflies. Peckarsky (1987) reported that small
Ephemerella showed a significantly lower frequency of
scorpion postures. These data are consistent with the
hypothesis that relatively high posturing frequency de-
creased the risk of predation for large Ephemerella
when compared with small Ephemerella. But other var-
iables related to size cannot be ruled out as alternative
hypotheses explaining predator preferences.

As in a previous study (Peckarsky 1987), most en-
counters between predators and prey occurred when
Megarcys’ antennae touched some part of Ephemerella.
Since these stoneflies search for and presumably iden-
tify prey with their antennae (Martinez et al., submit-
ted), this type of encounter should confer the greatest
potential risk of predation. Alternatively, stoneflies of-
ten touch prey with their legs, which may be a more
accidental encounter. To determine whether Epheme-
rella distinguishes between these two types of encoun-
ters, we tested for homogeneity of prey responses to
touches by Megarcys’ antennae and legs using chi-
square analysis (3 X2 contingency tables: scorpion,
move, freeze responses X antenna, leg stimuli) for each
predator and prey treatment.

This analysis showed very few consistent patterns
(Fig. 4). For model Megarcys the prey (both intact and
cerciless) responded with similar frequencies of scor-
pion, movement and freeze behavior, regardless of
whether they were touched by the predator’s antenna or
leg. These results are consistent with those of Peckarsky
(1987) obtained by observing (without video recording)
intact Ephemerella vs live-free Megarcys. However, in-
tact prey increased scorpion responses and decreased
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“freeze” behavior when touched by legs of live Meg-
arcys (significant cells test, Fagen and Mankovich 1980).
In contrast, cerciless Ephemerella showed decreased
movement when touched by live Megarcys legs vs an-
tennae. In general, although the frequencies of Ephe-
merella responses to live Megarcys antennae vs legs
were not always the same, behavioral modifications
were not consistent with the prediction that encounters
with predator antennae could produce heightened scor-
pion responses.

Since Peckarsky (1987) and Williams (1987) found
that the frequency of scorpion posture was dependent
on the specific prey body part touched, this hypothesis
was further tested using the more accurate video rec-
ording method. Predators were observed to touch
Ephemerella in approximately equal frequencies on
their anterior, dorsal, posterior body regions as in Peck-
arsky (1987). Thus, chi-square analysis was used to test
for homogeneity of responses by intact and cerciless
Ephemerella to touches on each body part by each of
four predator treatments (3 X4 contingency tables:
scorpion, move, freeze responses X anterior, dorsal,
lateral, posterior stimuli).

This analysis reveals a number of highly consistent
patterns (Fig. 5). When touched anteriorly, intact and
cerciless Ephemerella rarely postured, regardless of the
predator treatment. Instead, Ephemerella tended to
move or freeze with disproportionately high frequency.
When touched dorsally, Ephemerella consistently scor-
pioned with disproportionately high frequency. Varia-
tions in the frequencies of responses to posterior and
lateral touches did not often provide substantial contri-
butions to the significant chi-square values. In a few
cases, however, “freeze” behavior was disproportion-
ately low for Ephemerella touched laterally and move-
ment was more pronounced for Ephemerella touched
posteriorly or laterally; in one case scorpion responses

B %% SCORPION
[ % MOVE

INTACT [0 % FREEZE CERCILESS

ANTENNA LEG ANTENNA LEG

LIVE

MODEL

Fig. 4. Frequencies of scorpion, movement and freeze behavior
of intact and cerciless Ephemerella to stimulus by live or model
Megarcys antennae and legs. Results of x* analysis comparing
observed with expected responses to touches by predator an-
tennae vs legs are denoted with asterisks (*) inside each signif-
icant cell (3 x2 contingency tables: scorpion, move, freeze
response X antennae, leg stimuli for each predator and prey
treatment separately. Number of encounters ranged from 18—
211).
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were reduced when Ephemerella was touched post-
eriorly. But these trends were not as consistent as were
those for anterior and dorsal stimuli.

Responses of intact and cerciless Ephemerella ori-
ented toward and away from live or model Megarcys
were also compared by chi-square analysis (Tab. 4).
Intact Ephemerella showed the same frequency of re-
sponses toward live or model Megarcys regardless of
whether they faced toward or away from the predators
(x* = 3.19, 2 df). Although cerciless Ephemerella did
not alter their behavior with respect to orientation to-
ward model Megarcys, they moved more often and
froze less often than expected when facing toward live
Megarcys (x* = 8.73, 2 df). The frequency of scorpion
postures, however, was consistently unaffected by prey
orientation.

Direction of predator approach likewise did not affect
response frequencies of intact Ephemerella (x4 = 3.26,
8.45, live and model Megarcys, respectively) but did
have a significant effect on responses by cerciless may-
flies (Tab. 5, %%y = 37.10, 11.07, live and model Mega-
rcys, respectively). Again, deviation from expected fre-

CERCILESS

Fig. 5. Frequencies of scor-
pion, movement, and freeze
behavior of intact and cerci-
less Ephemerella to stimulus
by live Megarcys, model
Megarcys, antenna or a wire
when touched on anterior,
dorsal posterior or lateral
body areas. Results of y?
analysis comparing observed
with expected responses to
touches on different
Ephemerella body parts are
given for each predator and
prey treatment. Significant
cells are indicated as in Fig.
4(3 X 4 contingency tables:
scorpion, move, freeze
responses X anterior, dor-
sal, lateral, posterior stimuli
for each predator and prey
treatment separately.
Number of encounters
ranged from 53-91).

EPHEMERELLA

DORSAL LATERAL POSTERIOR

quencies of scorpion postures did not contribute sub-
stantially to the significant chi-square. When live
Megarcys approached cerciless Ephemerella from up-
stream, movement responses increased and freezing be-
havior decreased compared with predator approaches
from downstream. Cerciless Ephemerella moved more
than expected, however, when model Megarcys ap-
proached from downstream (Tab. 5).

Discussion

Excising the cerci of Ephemerella infrequens did not
increase the vulnerability of this mayfly to predation or
attack by Megarcys under the experimental conditions.
This result suggests that the increase in spininess and in
the alteration of apparent size and shape provided by
the cerci had minimal impact on the defense against
predation by stoneflies. Megarcys did not attack nor eat
Ephemerella during behavioral trials, and ate very few
individuals during predation trials regardless of the
presence of cerci. Smaller Ephemerella were selectively
consumed by Megarcys during these trials, with no dif-

Tab. 4. Observed (and expected) scorpion, movement and freezing responses of intact and cerciless Ephemerella facing toward or

away from live Megarcys and model Megarcys. *

= significant cell (Fagen and Mankovich 1980).

Prey orientation

Intact Ephemerella

Cerciless Ephemerella

Toward Away Toward Away

Live Megarcys Scorpion 22 (28) 64 (58) 18 (21) 49 (46)
Move 42 (39) 76 (79) 44 (34)* 62 (72)

Freeze 17 (14) 27 (30) 12 (19)* 48 (41)

Model Megarcys Scorpion 22 (25) 48 (45) 22 (18) 44 (48)
Move 36 (31) 52 (57) 24 (23) 58 (59)

Freeze 13 (10) 26 (23) 15 (10) 45 (40)
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Tab. 5. Observed (and expected) scorpion, movement and freezing responses of intact and cerciless Ephemerella to live Megarcys
and model Megarcys approaching from upstream, downstream, or beside prey. * = significant cell (Fagen and Mankovich 1980).

Predator approach

upstream  downstream beside upstream downstream beside

Live Megarcys Scorpion 36 (41) 30 (25) 28 (27) 29 (30) 70 ( 74) 28 (23)
Move 60 (59) 34 (37) 41 (39) 63 (40)* 79 ( 96)* 24 (30)
Freeze 27 (23) 12 (14) 13 (15) 23 (45)* 131 (110)* 45 (34)*

upstream  downstream beside upstream downstream beside

Model Megarcys Scorpion 43 (42) 15 (17) 19 (18) 60 (54) 4( 8) 4(7)
Move 53 (50) 24 (20) 15 (22) 60 (67) 16 ( 10)* 9(9)

Freeze 18 (21) 6(38) 15(9) 49 (49) 4( 7 9(6)

ference in the mean size of intact and cerciless mayflies
eaten. These data further support the conclusion that
Ephemerella cerci provided no measurable predatory
defense, even for small individuals. This finding is con-
sistent with the results of stonefly predation trials on
Ephemerella and Baetis reported by Williams (1987)
and on Baetis reported by Corkum and Clifford (1981),
which showed no difference in stonefly feeding on intact
and cerciless mayflies, but inconsistent with results of
experiments measuring rates of predation by brown
trout on stoneflies with excised cerci (Otto and Sjo-
strom 1983). The latter study showed that trout pre-
ferred to attack intact stoneflies from the anterior, and
switched preferences to attack one species of stonefly
from the posterior when its cerci were removed. Pres-
ence of prey cerci increased the handling time and prey
ejection rate by predators.

Removal of cerci did, however, alter Ephemerella
behavior pattern. Cerciless mayflies responded to en-
counters with live stoneflies with a lower frequency of
scorpion postures. This result could be due to the loss of
sensory capability to detect oncoming predators, or to
the observers’ inability to distinguish subtle posturing in
nymphs without their cerci. Cerciless mayflies also
tended to move more often than expected when ori-
ented toward live predators and when live predators
approached from upstream regardless of the prey orien-
tation. Since hydrodynamic cues would be available
from all directions and regardless of prey orientation,
these responses may indicate the reliance on other sen-
sory cues (vision and chemical stimuli) for recognition
of predator presence by mayflies without cerci.

Comparison of posturing frequency in response to the
various predator stimuli further enables identification of
the sensory cues detected by Ephemerella, thus leading
to heightened defensive behavior. Referring to the com-
parisons in Tab. 2, mayflies postured as frequently to
live as to model stoneflies and likewise with equal fre-
quencies to a freshly excised stonefly antennae as to a
wire. These results suggest that chemotactile cues asso-
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ciated with the stoneflies or their antennae are of little
importance in stimulating responses. The heightened
responses of mayflies to live and model stoneflies com-
pared with antennae or wire stimuli, respectively, sup-
port the importance of either visual or hydrodynamic
cues associated with a whole stonefly rather than simply
a tactile cue from a stonefly antenna or a pointed ob-
ject. Williams (1987) likewise reported reduction of
scorpion responses by Ephemerella toward non-stonefly
stimuli.

As discussed above, the equal frequencies of re-
sponses by intact Ephemerella facing toward and away
from live or model Megarcys tentatively support the
hydrodynamic rather than the visual hypothesis. How-
ever, the specific visual field of Ephemerella and the
hydrodynamic wave patterns of live and model stone-
flies need to be measured to distinguish these two po-
tential mechanisms of predator detection. Thus, con-
trary to previous suggestions that the scorpion posture is
a generalized defensive behavior resulting from tactile
stimuli (Peckarsky 1987), data reported here support
the hypothesis that this posture is a more precise anti-
predator response (Sih 1986) probably to hydrodynamic
disturbances or visual stimuli associated with intact, but
not necessarily live, stoneflies.

The characteristics of wave patterns created by craw-
ling Megarcys are very distinctive and relatively intense
(Peckarsky and Wilcox, unpubl.). Presence of predators
may be detectable from substantial distances (30 cm),
alerting prey to enter a defensive behavior pattern.
Reduced scorpion behavior of cerciless Ephemerella
may, likewise, be related to loss of sensitivity to hydro-
dynamic stimuli. Defensive behavior of zooplankton
has been elicited by hydrodynamic wave stimuli (Strick-
ler 1975), and the escape system of some terrestrial
insects, such as the cockroach, is triggered by wind puffs
made by approaching predators (Camhi 1980).

It remains a puzzle that from these and other pub-
lished data, essentially all of the proposed alternative
hypotheses can be ruled out regarding the function of
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the scorpion posture. Although the posture obviously
alters the apparent size and shape of Ephemerella, if the
assumption is true that removal of cerci disrupted this
function, such a disruption did not lead to higher attack
rates nor increase the risk of predation. The same can
be concluded regarding reduction in the potentially
“punishing” or noxious spininess associated with Ephe-
merella cerci. Thus, we conclude that removal of cerci
did not disrupt this mayfly’s defensive system.

The apparent size and shape hypothesis was proposed
originally to explain the observation that larger Ephe-
merella postured with higher frequency than smaller
individuals of the same species (Peckarsky 1980). The
strength of this hypothesis was dependent on the vali-
dity of the assumption that the change in apparent size
and shape of early instar Ephemerella would be a less
effective deterrent to stonefly predation. This reduction
of effect could be due either to small size alone, or to
some other variable associated with small size, such as a
reduction in exoskeletal hardness or spininess. The data
reported here from predation trials and those of enclo-
sure experiments (Peckarsky 1985) support small prey
size-selectively by Megarcys. In predation trials, the
mean size of both intact and cerciless Ephemerella from
stonefly stomachs was smaller than the mean size of
those recovered (uneaten) from predation trial boxes.
Thus, as with large Ephemerella, removal of cerci of
small Ephemerella had no measurable effect on their
vulnerability to stonefly predation.

The question remains, then, why does the posturing
behavior persist, and why is there ontogenetic variabil-
ity in its frequency given that the posture does not affect
the vulnerability of large or small Ephemerella? We can
only speculate on an evolutionary scenario that might
explain this anomaly: if scorpion posturing behavior
evolved originally as a defensive response to stonefly
predation, it must have been a more effective predator-
deterrent for large than for small Ephemerella for rea-
sons discussed earlier. Thus, natural selection would
have favored a heightened frequency of posturing
through ontogenetic development, a phenomenon that
has been shown to occur in other insects as well (Iwao
and Wellington 1970). If the defense became so effec-
tive in deflecting predation on large instar Ephemerella,
perhaps by advertising capture difficulty and long hand-
ling times, selection on stoneflies would have favored
individuals that attacked alternative prey species, lead-
ing to the evolution of avoidance of attempted preda-
tion on Ephemerella. Thus, the scorpion posture is no
longer a necessary deterrent to stonefly predation, i.e.,
it is a “ghost of predation past” (cf. Connell 1980).
Alternatively, the posture might have evolved in re-
sponse to selection presure from fish predation, which it
has been shown to deter (Kratz 1983).

Stoneflies attack preferentially another mayfly, Bae-
tis, presumably due to its conspicuous swimming pattern
(Peckarsky and Penton, submitted A). In contrast to
Baetis, Ephemerella responds to encounters with stone-
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flies by general lack of movement in or out of posture.
Thus, the attack behavior of Megarcys is triggered by a
specific stimulus not usually produced by Ephemerella.
Martinez (1987) also suggests that the prevalence of an
extensive layer of fungi, bacteria, diatoms and amor-
phous material growing on the surface of E. infrequens
may mask attractive cues that might otherwise be asso-
ciated with their cuticle; that is, this species may be
mimicking the substrate, thereby disrupting their identi-
fication as prey. Further, Megarcys can be stimulated to
attack Ephemerella artificially programmed to swim in-
stead of freeze or posture (Peckarsky and Wilcox, sub-
mitted). These data suggest that the observed low in-
cidence of swimming in response to encounters by pred-
ators is an effective defense in itself. Lack of motion has
been shown to reduce attack rates of fish on Daphnia
(Wright and O’Brien 1982) and on Notonecta (back-
swimmers) (Cook and Streams 1984). Mort (1986) also
suggests that the effect of tail spines on hydromechan-
ical patterns of swimming Daphnia may be an effective
defense against Chaoborus (phantom midge larvae)
predation.

Molles and Pietruszka (1983) observed predatory be-
havior of Megarcys on another species of Ephemerella.
They observed much greater incidence of attacks by
stoneflies starved for six days prior to experiments than
by predators well-fed before experiments. Although
Ephemerella was easier to catch than Baetis, its spiny
and relatively tough exoskeleton made it more difficult
to handle. In a follow-up study, Molles and Pietruszka
(1987) tested the effect of prey size and hunger levels of
another stonefly species on its attack rates on a wide
range of prey species. Ephemerella was the only prey
species tested that combined small size (relative to the
other prey species) with long handling times. It also did
not fit the general relationship between prey body size
and attack rates shown for all other prey species. The
authors attributed an unusually low attack rate on
Ephemerella to the effectiveness of its deceptive behav-
ior, that is, the behavioral increase in its apparent size
by posturing. If our evolutionary scenario is correct, the
disproportionately long Ephemerella handling time may
be advertised by the scorpion posture, but perhaps not
altered by it, i.e., prey profitability- is low regardless of
posture behavior. These results suggest further that
stonefly attack behavior has evolved to favor the prey
species easiest to consume once captured (Peckarsky
and Penton, submitted A).

In conclusion, although the incidence of scorpion pos-
tures declined when Ephemerella cerci were removed,
attack and consumption rates by Megarcys on cerciless
mayflies did not increase. Thus, cerci did not reduce the
risk of stonefly predation, nor was frequency of postur-
ing related to attack rate. We hypothesize, then, that
scorpion posture behavior is an evolutionary relict, a
“ghost of predation past”, no longer necessary to reduce
predation rates on Ephemerella. Posture frequency was
not affected by plasticizing stoneflies, but declined in
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response to excised fresh stonefly antennae or to wires.
Thus, presence of the stonefly, live or model, was the
precise cue eliciting significantly higher incidence of
scorpion behavior in mayflies either facing toward or
away from Megarcys approaching from upstream or
downstream.

Acknowledgements — The following people acted as field and
laboratory technicians during this experiment: Ann Strickler,
Sheila Wiseman, Lyle Zimmerman, Elise Jones, Alison
Weller, Darcy Tickner and Cathy Cowan. We feel compelled,
however, to acknowledge the moral and emotional objections
voiced by Elise and Alison toward such disgusting mistreat-
ment of mayflies and stoneflies. Thus, they took no part in the
hideous crimes reported in this paper. LeeAnne Martinez and
Bruce Smith helped design the video system. LeeAnne Marti-
nez provided the idea for the “plasticized” predators. Previous
drafts of this paper were improved by editorial comments and
discussions with C. Delucchi, D. Cowan, A. Martinez, C.
Otto, and M. Rosenzweig. C. Cowan provided the graphics
with the aid of J. MacIntosh. V. Saunders typed the manuscript
and S. Pohl edited it. This research was supported by NSF
Grant No. DEB82-14561. Thanks to M. Winterbourn for pro-
viding the facilities in which to write this paper.

References

Cambhi, J. M. 1980. The escape system of the cockroach. — Sci.
Am. 243: 158-205.

Connell, J. H. 1980. Diversity and the coevolution of compet-
itors, or the ghost of competition past. — Oikos 35: 131-138.

Cook, W. L. and Streams, F. A. 1984. Fish predation on Noto-
necta (Hemiptera): relationships between prey risk and
habitat utilization. — Oecologia (Berl.) 64: 177-184.

Corkum, L.D. and Clifford, H.F. 1981. Function of caudal
filaments and correlated structures in mayfly nymphs, with
special reference to Baetis (Ephemeroptera). — Quaest.
Ent. 17: 129-146.

Curio, E. 1976. The ethology of predation. — Springer, Berlin.

Edmunds, M. 1974. Defense in animals: a survey of anti-
predation defenses. — Longman, London.

Endler, J. A. 1985. Defense against predation. — In: Feder, M.
E. and Lauder, G. V. (eds), Predator-prey relationships. —
Chicago Univ. Press, Chicago, IL, pp. 109-133.

Fagen, L. M. and Mankovich, N.J. 1980. Two-act transitions,
partitioned contingency tables, and the significant cells
problem. — Anim. Behav. 28: 1017-1023.

Iwao, S. and Wellington, W. G. 1970. The influence of behav-
ioral differences among tent-caterpillar larvae on predation
by a pentatomid bug. — Can. J. Zool. 48: 896-898.

Kratz, K. W. 1983. An analysis of prey selection by the Piute
Sculpin (Cottus beldingi): an ambush predator. — MS The-
sis, Univ. of Nevada, Reno, NV.

Martinez, L. A. 1987. Sensory mechanisms underlying the

13 OIKOS 53:2 (1988)

predator-prey interaction between perlodid stonefly
nymphs and their mayfly prey. — Ph. D. Diss., Cornell
Univ., Ithaca, NY.

- and Peckarsky, B. L. Chemical interactions between preda-
ceous stoneflies and their mayfly prey. — Oecologia (Berl.)
(submitted).

-, Peckarsky, B. L. and Penton, M. A. Sensory cues used by
stoneflies in prey detection. — Ecology (submitted).

Molles, M. C., Jr. and Pietruszka, R. D. 1983. Mechanisms of
prey selection by predaceous stoneflies: roles of prey mor-
phology, behavior and predator hunger. — Oecologia
(Berl.) 57: 25-31.

- and Pietruszka, R. D. 1987. Mechanisms of prey selection
by streamdwelling stoneflies. the influence of hunger and
prey size. — Oecologia (Berl.) 72: 473-478.

Mort, M. A. 1986. Chaoborus predation and the function of
phenotypic variation in Daphnia - Hydrobiologia 133:
39-44.

Otto, C. and Sjostrom, P. 1983. Cerci as antipredatory attri-
butes in stonefly nymphs. — Oikos 41: 200-204.

Peckarsky, B.L. 1980. Predator-prey interactions between
stoneflies and mayflies: behavioral observations. — Ecology
61: 932-943.

— 1985. Do predaceous stoneflies and siltation affect the
structure of stream insect communities colonizing enclo-
sures? — Can. J. Zool. 63: 1519-1530.

— 1987. Mayfly cerci as defense against stonefly predation:
deflection and detection. — Oikos 48: 161-170.

- and Penton, M. A. 1987. Mechanisms of prey selection by
stream-dwelling stoneflies. — Ecology (submitted A).

- and Penton, M. A. Early warning lowers risk of stonefly
predation for a vulnerable mayfly. — Oikos (Submitted B).

— and Wilcox, S. Stonefly nymphs use hydrodynamic cues to
discriminate prey. — Oecologia (Berl.) (submitted).

-, Penton, M. A. and Martinez, L. A. 1984. Inexpensive in
situ video recording of stream benthos at low light levels. —
1984 meeting of the North American Benthological So-
ciety. Raleigh, NC.

Sih, A. 1987. Antipredatory responses and the perception of
danger of mosquito larvae. — Ecology 67: 434-441.

Sjostrom, P. 1985. Hunting behaviour of the perlid stonefly
nymph Dinocras cephalotes (Plecoptera) under different
light conditions. — Anim. Behav. 33: 534-540.

Snedecor, G. W. and Cochran, W. G. 1980. Statistical meth-
ods. — Iowa State Univ. Press, Ames, IA.

Strickler, J.R. 1975. Intra- and interspecific information flow
among planktonic copepods: receptors. — Verh. Int. Ver.
Limnol. 19: 2951-2958.

Welde, S. J. and Davies, R. W. 1985. Diel feeding periodicity
of two predatory stoneflies (Plecoptera). — Can. J. Zool.
63: 883-887.

Williams, D.D. 1987. Predator-prey interactions of running
water stoneflies and mayflies. ~ Freshw. Biol. 17: 471-490.

Wright, D.1. and O’Brien, J. W. 1982. Differental location of
Chaoborus larvae and Daphnia by fish: the importance of
motion and visible size. — Am. Midl. Nat. 108: 68-73.

193





