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Many prionine species share morphological and behavioral traits comm-
only associated with production of volatile pheromones by females. Adults
Prionus californicus Mots. are sexually dimorphic, males being smaller and
having antennae that are much more strongly serrate than those of females.
Females of this species produce a volatile pheromone that attracts males. We
conducted studies characterizing calling behavior of P. californicus females.
In these studies females typically lowered their heads and raised their ab-
domens while extending their ovipositors. The extended ovipositor was often
flexed and the abdomen rhythmically contracted during these bouts which
lasted up to 10 min. In some cases females everted a membranous, cylindri-
cal sac from the dorsal surface of the ovipositor which was retracted before
the ovipositor was withdrawn. This eversible sac has not reported for a cer-
ambycid species, and is likely to be involved in production and/or release of
pheromone.
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INTRODUCTION

There have been few published studies on reproductive behavior or chem-
ical ecology of the primitive cerambycid subfamily Prioninae, despite a
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substantial literature on host relationships, geographic distributions, and
economic importance of many species world wide (e.g., see Duffy, 1953,
1968; Linsley, 1959, 1962; Solomon, 1995; volumes indexed in Linsley and
Chemsak, 1997). Many prionine species share morphological and behav-
ioral traits commonly associated with production of volatile pheromones
by females (e.g., see Thornhill and Alcock, 1983; Gemeno and Schal,
2003), including a more sedentary nature in females and more elaborate
antennal structure in males (e.g., Summerland, 1932; Benham and Farrar,
1976; Santos Ferreira, 1980; Hovore, 1981). In fact, earlier observations pro-
vided evidence that females of several species produce volatiles that at-
tract males from a distance (Rotrou, 1936; Edwards, 1961; Gwynne and
Hostetler, 1978).

Adults of the prionine Prionus californicus Mots. are sexually dimor-
phic, males being smaller and having antennae that are much more strongly
serrate than those of females (Linsley, 1962). We recently have discov-
ered that females of this species produce a volatile pheromone that at-
tracts males, and apparently is released from the ovipositor (Cervantes
et al., 2006). In contrast, it is the males that produce volatile pheromones in
species of the more advanced subfamilies of the Cerambycidae (reviewed
by Lacey et al., 2004; Ray et al., 2006). In this paper, we describe an apparent
calling behavior in adult female P. californicus that probably is associated
with pheromone release, including an eversible sac on the ovipositor that
has never before been reported for any cerambycid species.

METHODS

Natural History

Prionus californicus, the California prionus, is broadly distributed in
North America with a host range of at least 21 genera in 12 families of
woody plants of forest, agricultural, and urban ecosystems (for biology, see
Doane et al., 1936; Eyer, 1942; Linsley, 1962; Bishop et al., 1984). Females
oviposit on or in the soil near the base of living plants. The larvae feed on
roots and require 3–5 yr to complete development. Adult P. californicus
emerge from late June through July in the US Pacific Northwest and are
crepuscular. They are among the largest of North American cerambycids,
ranging in body length from 25 to 55 mm (Linsley, 1962; see volumes in-
dexed in Linsley and Chemsak, 1997). Males are active fliers and can be
captured, sometimes in great numbers, by light traps, whereas females sel-
dom fly if at all and rarely appear in traps (Cervantes et al., 2006). Adults
of both sexes do not feed, have atrophied digestive tracts, and are relatively
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short-lived (2–3 wk under laboratory conditions; Linsley, 1962; JDB and
DEC, pers. obs.).

Source of Beetles

We reared P. californicus adults by collecting large larvae (5–8 cm
long) from hop yards in fall 2004 and transferring them individually into
buckets of soil that were buried in a field plot at the Parma Research and
Extension Center (Canyon Co., ID; Cervantes et al., 2006 for rearing de-
tails). Buckets were monitored daily from mid-June through the end of July
2005 and newly emerged adults were collected immediately and held indi-
vidually in glass jars (950 ml) in the laboratory ( ∼22◦C; 16:8 L:D). Males
and females were held in separate growth chambers and were unmated.
Adult beetles used in this study were 1–14 d old and were active and appar-
ently healthy. Voucher specimens of P. californicus have been submitted to
the W. F. Barr Entomology Museum at the University of Idaho, Moscow.

Behavioral Observations

All studies were conducted between 2230 and 0130 hr on 16–21 July
2005 with beetles in arenas that were illuminated only by red light (25 watt
incandescent). We initially observed the behavior of adult female P.
californicus during bioassays that tested the response of males to live
females (see Cervantes et al., 2006). We subsequently characterized the
behavior of females in the laboratory and outdoors by simultaneously
monitoring 6–8 individuals in separate cardboard arenas (14 cm diame-
ter × 9.5 cm tall, Sweetheart Cup Company, Owings Mills, MD). In labora-
tory trials, cardboard arenas were lined with filter paper (No. 1, Whatman,
Maidstone, England), but in outdoor trials they contained ∼2.5 cm of soil
from buckets that had been used to rear beetles (see above). We conducted
three trials in the laboratory (23 ± 5◦C) and three trials outdoors (23–28◦C;
clear to partly cloudy). We recorded the behavior of beetles using digital
still and video cameras (Sony DCR-TRV80, Sony Electronics, Park Ridge,
NJ) to facilitate analysis.

RESULTS AND DISCUSSION

Females in the olfactometer periodically lowered their heads, raised
their abdomens, and extended their ovipositors (n = 26, Fig. 1A). In card-
board observation arenas, females in this head-down position held their
body with the longitudinal axis 20–30◦ above horizontal, and the tip of



626 Barbour, Cervantes, Lacey, and Hanks

Fig. 1. Characteristic postures of female P. califor-
nicus: (A) ovipositor fully extended; (B) membra-
nous sac (indicated by arrow) everted from between
ovipositor segments.

the abdomen 2.5–5 cm above the substrate. Females remained in this po-
sition for as long as 10 min during which time they rhythmically con-
tracted their abdomen while flexing the ovipositor. The ovipositor was
alternately elevated and lowered either by raising and lowering the ab-
domen or by flexing the ovipositor without altering the angle of the body.
When the ovipositor was retracted, females usually resumed a horizontal
body position, but sometimes retracted the ovipositor without lowering the
abdomen.

In some cases (n = 7), when females fully extended their ovipositors,
a membranous, pale white, cylindrical sac ( ∼8 mm long, 1 mm in diame-
ter) was everted from the dorsal surface between the terminal and penulti-
mate segments (Fig. 1B). The sac was retracted before the ovipositor was
withdrawn. It usually was everted only after the ovipositor had been ex-
tended for at least ∼120 s, but sometimes (n = 19) was not everted dur-
ing an ovipositor extension event. This eversible sac has never before been
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reported for a cerambycid species, and is likely to be involved in production
and/or release of pheromone.

Females usually displayed a variety of behaviors during any one ob-
servation period: (1) Most females lowered their heads and raised their ab-
domens, without extending the ovipositor, and then returned the abdomen
to horizontal. A female might repeat this behavior several times; (2) About
half of the females raised the abdomen and extended the ovipositor one or
more times; (3) Only 1 or 2 females both raised the ovipositor and everted
the membranous sac during a single observation period. Females would re-
main in this position for as long as 10 min. Females that were in arenas
containing soil frequently probed the soil with their ovipositor. All females
remained nearly motionless for varying periods of time. A small drop of
fluid sometimes appeared on the tip of the ovipositor when it was partially
extended, or less commonly when fully extended. This fluid eventually fell
to the substrate.

Extension of the ovipositor by female P. californicus was mentioned
in an earlier publication (Benham and Farrar, 1976), and the authors sug-
gested that a similar behavior in females of the congener Prionus laticollis
(Drury) was associated with release of volatile pheromones. The eversible
sac was not mentioned for either species. Extension of the ovipositor
by female P. californicus is consistent with production of a volatile sex
pheromone from the ovipositor (Cervantes et al., 2006). Release of fluid
from the ovipositor might result simply from the hydrostatic pressure that
extends the ovipositor, but the fluid could contain the sex pheromone. Re-
gardless of the source of pheromone, extension and elevation of the ovipos-
itor probably serves to enhance dissemination of pheromone.

The reproductive strategy of P. californicus differs from that of
other cerambycids studied to date in that females, rather than males,
produce the volatile attractant (see Introduction). The fact that the
Prioninae are considered primitive (a recent analysis indicates that
this subfamily diverged from other cerambycid groups in the Jurassic;
Farrell, 1998), suggests that production of volatile pheromones by fe-
males may represent the ancestral condition for the family. Research is
currently underway to identify the volatile sex pheromones of female
P. californicus, and to confirm the role of the eversible sac in pheromone
production.
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