Ecology, 75(7), 1994, pp. 1991-1996
© 1994 by the Ecological Society of America

SQUIRT-GUN DEFENSE IN BURSERA AND THE
CHRYSOMELID COUNTERPLOY!

JupITH X. BECERRA
Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, Arizona 85721 USA

Abstract. 1 determined the impact of resins canals of Bursera schlechtendalii on the
growth and survival of its specialized vein-cutting beetle Blepharida sp. nov.

Bursera schlechtendalii produces terpenes stored under pressure in networks of canals
that run throughout the cortex of the stem and in the leaves. When a leaf is broken, it
releases abundant resins, which may bathe the leaf surface and often form a squirt that
travels for up to 150 cm. Plants vary in the proportion of their leaves that release resins
after damage. Larvae of the chrysomelid genus Blepharida can inflict substantial damage
to plants because they avoid the squirt response by cutting the leaf veins before consuming
the leaves. Nevertheless, resins still protect plants against this insect. Both naturally oc-
curring and experimentally placed larvae had higher mortality on highly responsive plants.
Young larvae became mired in secretions after rupturing the canals and died. Also, on
highly responsive plants larvae spent more time cutting veins and grew more slowly. Thus,
while the squirt response of Bursera is not a completely effective defense, it imposes a

handling-time cost on larvae, reduces their growth rate, and increases their mortality.
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INTRODUCTION

Many plants store resins, latexes, gums, and muci-
lages under pressure in networks of canals distributed
throughout the plant (Fahn 1979, Metcalfe and Chalk
1983, Farrell et al. 1991). When such plants are dam-
aged, these fluids are immediately released from the
injured tissues. These canals and their secretions have
several characteristics that deter herbivorous insects.
In many plant species, canals contain secondary me-
tabolites that are well-known herbivore repellents and
toxins. Secretions also mechanically deter herbivorous
insects since they solidify when exposed to air, imped-
ing the movement of mandibles and interfering with
feeding. Copious secretion can also entrap insects (Zal-
ucki and Brower 1992). Some insect behaviors circum-
vent these double-acting plant defenses. Before feeding,
insects may block the canals by biting the midveins,
cutting trenches in the leaves, or constricting the pet-
ioles. Thus, secretions are diminished or eliminated
from some tissues, rendering them more edible to the
insects (Carroll and Hoffman 1980, Dillon et al. 1983,
Dussourd and Eisner 1987, Becerra and Venable 1990,
Dussourd and Denno 1991, Tallamy and McCloud
1991, Williams 1991, Becerra 1993, in press).

Trenching and vein-cutting behaviors occur exten-
sively among herbivorous insects such as lepidopter-
ans, orthopterans, and coleopterans. The specificity of
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these preingestive behaviors is high and canal archi-
tecture and behavior correspond closely. Vein-cutting
insects typically feed on plants with arborescent canals
that bifurcate continuously. In arborescent canals, the
rupture of an individual canal stops the secretions dis-
tal to the cut. Insects that make trenches tend to feed
on plants with canals that form a net-like (reticulate)
structure. The flow of secretion at a given point is
maintained through several pathways. Flow is stopped
only when the entire network is transected (Dussourd
and Denno 1991). Some insects are morphologically
adapted for trenching and vein-cutting. For example,
trench-feeding Epilachna species (Coccinellidae) have
relatively large mandibles bearing a long apical tooth
that is well separated from two simple major teeth. In
comparison, the mandibles of nontrenching Epilachna
that skeletonize solanaceous plants are typically small-
er and all three teeth are more uniform in size (Tallamy
and McCloud 1991).

That some insects are able to easily neutralize plant
canals by vein cutting led to doubts about the effec-
tiveness of canals as an herbivore defensive system.
Alternatively, canals might function as a defense against
pathogens or as sites to isolate chemical defenses from
sensitive tissues (Dussourd and Denno 1991, Farrell
et al. 1991). Some researchers believe that canals are
most effective against generalized herbivores that can-
not cut the leaf veins. The effect of canals against spe-
cialized vein-cutting insects has not been clearly es-
tablished. Here I use naturally occurring within-
population variation in plant and insect behavior to
determine the impact of resin canals of Bursera
schlechtendalii Engler (Burseraceae) on survival and
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growth of its specialized vein-cutting beetle, Blepharida
sp. nov. I also examine the trade-offs to the insect of
employing the counterdefensive behavior of vein cut-
ting.

MATERIALS AND METHODS
The site

This investigation was performed at the Biological
Reserve of the Jardin Botanico de Zapotitlan, in the
Tehuacan Desert, near Zapotitlan, Puebla, Mexico. The
vegetation type of the site is desert scrub, with Neo-
bauxbamia tetetzo, Pachycereus holianus, Mimosa
luisana, Agave karwinskii,and Bursera schlechtendalii
as dominant plants.

The plant

Bursera schlechtendalii is a succulent, deciduous
shrub native to the arid and semiarid regions of Central
Mexico and Guatemala. Its leaves are simple, in con-
trast to most Bursera species that have compound
leaves. Bursera produces terpenes that are distributed
in a network of resin canals in the cortex of the trunk
and stems and throughout the leaves (Guillaumin 1909;
J. X. Becerra and P. H. Evans, unpublished manu-
script). Leaves release variable amounts of resins when
damaged. When a leaf is cut, a syringe-like squirt of
terpenes may be triggered (Fig. 1). The squirt travels
from 5 to 150 cm and may persist for a few seconds.
Some leaves do not actually squirt into the air after
damage, but still release large amounts of terpenes in
a rapid front that covers the surface of the leaf (“‘the
rapid bath response” of Becerra and Venable 1990).
Other leaves release no resins when damaged.

The herbivore

B. schlechtendalii is attacked by a specialized beetle
of the genus Blepharida (Chrysomelidae: Alticinae) that
feeds only on the leaves of this species (J. X. Becerra,
unpublished data). Blepharida larvae can sever the res-
in canals. When climbing on a new leaf, they position
themselves along the midrib with their heads facing
the petiole and repeatedly bite the midvein. Biting in-
terrupts the flow of resins and thus the leaf-squirt or
bath response.

Throughout their development, larvae show a pro-
gressive sequence of behaviors, from mining the leaves
without touching the veins, to blocking the smaller
lateral veins, to cutting the midvein. In previous ex-
periments, I determined the reaction of larvae to Bur-
sera resins by allowing them to incise the leaf midveins
and then moving them to intact leaves. Since canals
were intact in the new leaves, they usually received a
squirt of resins when attempting to feed. Their typical
reaction was to withdraw from the squirt, attempt to
clean themselves, and abandon the leaf, sometimes
remaining inactive for several hours before starting to
incise another leaf. Thus, the resin flow can effectively
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deter this beetle if canals are not deactivated (Becerra
and Venable 1990).

The life cycle of this insect starts in late May or June,
when adult females lay eggs inside the dry tips of Bur-
sera stems. The larvae are usually present from July
to November. Selection of plants by adult females may
occur since larvae occur more frequently on plants that
release less resin (J. X. Becerra, unpublished manu-
script). After larvae feed for =19 d, mature larvae then
drop from the plant and burrow into the soil. Pupation
occurs in a sealed pupal cell of hardened soil particles.
Emergence of adults occurs in May, usually coinciding
with the onset of the rainy season. Adult Blepharida,
especially the females, consume the tips of the leaves,
conspicuously damaging the plants.

Among-plant variation in terpene response

At the beginning of June 1991, before the eclosion
of Blepharida larvae, I selected 106 plants growing on
a predefined transect. On each of these plants, I mea-
sured the percent response to damage of 20 haphaz-
ardly selected leaves. A small piece of each leaf was
removed using a fingernail-clipper. The leaf was con-
sidered to respond if it released resins when damaged
(either in the form of a squirt or a rapid bath). These
measurements were repeated 6 wk later when larvae
were present and again a few days after most larvae
had pupated (3 wk after the second measurement). Since
larvae occurred on the plants at different times, the
three measurements were averaged, and the mean used
to index the strength of a plant’s resin response.

Larval mortality

I inspected plants regularly during June and July to
detect the presence of larvae, which first appeared in
early July. I marked plants having larvae, then cen-
sused larvae every 4 or 5 d and measured their lengths
in millimetres. Since larvae within a cohort (a group
of individuals that had the same length when first seen)
showed very uniform growth, I did not mark individ-
uals. When more than one cohort occurred on a plant,
I assumed that smaller larvae at one census were the
smaller larvae in the following census. Most plants had
only one or two easily distinguished cohorts. Larvae
that disappeared were presumed dead, since larvae that
fell off the plant did not climb up again and host plants
were separated by large distances of rocky soil.

I calculated the average daily rate of larval mortality
for each cohort on every plant. The number of larvae
present in the first and last census were transformed
to In(10x + 1), where x is the number of larvae. The
transformed number of larvae in the last observation
was subtracted from the transformed initial number.
This result was then divided by the total number of
days that the particular cohort was observed. This daily
mortality rate was estimated only for larvae <10 mm
in length to avoid confusing death with pupation. Pu-
pation occurs only when larvae are at least 14 mm.



