
sensitivity is the local concentration 
of the neurotransmitter (2, 4). We 
have shown recently that a variety of 

manipulations which modify the sensi- 
tivity of the iris sphincter have only 
one apparent common feature-their 
effect on the release or destruction of 
ACh. Furthermore, even in the absence 
of nerve terminals, ACh is able to 
depress the sensitivity of the iris 

sphincter to cholinomimetics (4). 
These and other experiments led to 
the conclusion that the sensitivity of 
the target organ is inversely related to 
the long-term local concentration of 
the neurotransmitter (7). Our results 
are consistent with this concept, since 
overstimulation can be expected to 
lead to a local accumulation of the 
neurotransmitter, whereas stimulus de- 

privation can be expected to lower 
the concentration of ACh at the site of 
the target organ. 

The available evidence suggests that 

changes in the sensitivity of smooth 
muscle, as well as other innervated 

target organs, result from changes in 
the concentration of cholinergic recep- 
tors on the effector cell membrane (4). 
If receptors, like other membrane com- 

ponents, undergo a continuous turn- 
over, changes in concentration result 
from alterations in either the rate of 

synthesis or the rate of inactivation of 

receptor material. Thus, sensitivity of 
the target organ could be controlled by 
a negative feedback of ACh (or a 

product of the interaction of ACh and 
the receptor) on the rate-limiting step 
in receptor synthesis. Such a mecha- 
nism would be consistent with the obser- 
vation (8) that at least in some sys- 
tems the synthesis of new protein (or 
proteins) is required for the achieve- 
ment of supersensitivity after denerva- 
tion. The work of Warren and Glick 
(9) indicates, however, that in mam- 
malian cells the rate of synthesis of 
membrane components is relatively 
constant, whereas turnover is a vari- 
able. Thus, the possibility that changes 
in cholinergic sensitivity result from 

changes in the rate of receptor turn- 
over must be considered. A relation- 
ship between the frequency of activa- 
tion of the receptor and the duration 
of its functional life provides a simple 
mechanism to account for alterations 
in receptor turnover rate and con- 
comitant changes in cholinergic sensi- 
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these possibilities and to elucidate other 

aspects of maintenance of normal 
cholinergic sensitivity. The reversible 

physiological alteration in target organ 
sensitivity, combined with the in vitro 
technique of dose-response assays, as 
used in the present experiments, pro- 
vides a uniquely suitable system for 
such studies. 
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It has long been assumed that many 
structural features of plant surfaces 
function to give the plant resistance 
to the attack of herbivores (1). Indeed, 
the effectiveness of the large thorns of 
Opuntia in discouraging herbivores 
seems self-evident. However, very little 
is known about the possible defensive 
roles of many small plant hairs or 
trichomes. In fact, a recent review on 
the biology of plant hairs practically 
ignores this subject (2). Evidence is 
presented here that at least one such 
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structure, a trichome of Passiflora 
adenopoda D.C. (Passifloraceae), acts as 
a specific and highly efficient deterrent 
against heliconiine butterfly larvae, a 
major class of Passiflora herbivores in 
tropical America (3). To my knowl- 
edge, this represents the best docu- 
mented example of the role and mode 
of action of a cuticular structure in 
preventing herbivore attack. 

All observations on Passiflora adeno- 
poda were carried out in an insectary 
at Stanford. The vine was grown from 
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Fig. 1. (A) Second instar Heliconius melpomene caught on P. adenopoda leaf. Scale: 
0.1 mm: X80. (B) Third instar H. melpomene caught on P. adenopoda petiole. Proleg 
marked X is enlarged in Fig. 2. Scale: 1 mm; X 8.5. 
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Butterfly-Plant Coevolution: Has Passiflora adenopoda 

Won the Selectional Race with Heliconiine Butterflies? 

Abstract. Hooklike trichomes of Passiflora adenopoda provide a specific, effec- 
tively absolute defense against heliconiine butterfly larvae, a major class of Passi- 
flora herbivores. It is suggested that since mechanical defenses are usually more 
selective in their action against herbivores, they usually are evolved by a plant 
only after it has accumulated a series of chemical defenses. 
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Fig. 2. (A) Detail of trichomes (a, b, c) 
hooked into H. melpomene proleg (X in 
Fig. 1B). Scale: 0.1 mm; X85. (B) The 
same proleg under higher magnification. 
Scale: 0.1 mm; x425 for both A and B. 

seed collected in January 1968 in Costa 
Rica (4) and has been exposed to heli- 
coni;ne attack for over 1 year. During 
this period leaves of P. adenopoda 
were not damaged, whereas other 
Passiflora in the same insectary received 
heavy damage. To see if P. adenopoda 
was acceptable to Heliconius erato and 
H. melpomene larvae, I placed a few 
second and third instar larvae on the 
leaves of the plant. The following day 
none of the larvae had moved more 
than a few millimeters, and all were 
dead and desiccated. 

Examination of a P. adenopoda leaf 
with a hand lens showed it to be cov- 
ered with hooklike trichomes. There- 
fore, I studied several trapped larvae 
with a scanning electron microscope (5) 
with the result that the defensive func- 
tion of these trichomes was verified and 
detailed. 

The scanning electron microscope 
micrographs show that the entire sur- 
face of the plant, including the tendrils, 
is covered with these hooked structures 
(Fig. 1, A and B) which are of such 
length and spacing as to securely hook 
from three to five trichomes into each 
larval proleg. Figure 2A shows in detail 
a solidly hooked proleg (labeled X in 
Fig. 1B). The anterior edge of the 
proleg has been folded ventrally and 
posteriorly as a result of being hooked 
by trichomes a and b. All three tri- 
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chomes, which are clearly hooked into 
the proleg, are bent or broken in the 
direction in which the proleg was at- 
tempting to move. 

Higher magnification demonstrates 
one cause of death. Figure 2B shows a 
split in the larval skin where trichome 
b enters, and the white blotch just be- 
low is hemolymph draining out of the 
wound (6). Death is therefore due to 
a combination of starvation and loss of 
hemolymph caused by numerous punc- 
ture wounds in the larval integument. 

It is difficult to imagine how heliconi- 
ines might circumvent the highly effec- 
tive and specific mechanical defense of 
P. adenopoda without drastic develop- 
mental alterations. This raises the ques- 
tion of why more Passiflora species 
have not evolved similar mechanical 
forms of defense. One possible answer 
is that hooklike trichomes of Passiflora 
are a recent innovation. Indeed, only 
three species of some 355 have been re- 

ported as having this type of trichome 
(7). Furthermore, chemical modes of 
defense would be expected in a plant 
just beginning to evolve defenses against 
a broad spectrum of herbivores. Chemi- 
cal defenses are old enough among 
plants to characterize higher taxonomic 

categories (8). 
According to coevolutionary theory 

(8), a succession of chemical defenses 

against herbivores would be produced 
in stepwise fashion by a host species. 
At each step some herbivores become 
extinct, while others circumvent the 
chemical challenge, forcing the plant 
to evolve further deterrent compounds. 
This process can be looked upon as a 
kind of herbivore filter which through 
time tends to reduce the number of 

higher taxa of herbivores which are 
able to feed on the plant. Being freed 
of competition, the remaining herbi- 
vores might undergo adaptive radiation 
on the host plant which itself has di- 
versified during periods of relative pro- 
tection (9). When only one or a few 
kinds of herbivore are important to the 

plant (as heliconiines are for Passiflora), 
a highly specific weapon, such as the 
trichomes, may be more advantageous 
to the plant in terms of cost as opposed 
to benefit than would the development 
of further complex chemicals, even if 
the absolute cost to the plant (in terms 
of equivalents of adenosine triphosphate 
or percentage of carbon fixed) is the 
same. The plant may also have increas- 
ing problems of autotoxicity, the solu- 
tion of which requires more energy as 
each additional chemical defense is 
added. 

By evolving hooked trichomes, Passi- 
flora adenopoda may have won the co- 
evolutionary race with one major group 
of Passiflora herbivores. However, it 
undoubtedly must contend with other 
kinds of herbivores against which these 
cuticular hooks will have little effect. 
It does retain extrafloral nectaries 
which are thought to be part of a 
mutualistic form of herbivore defense 
since they attract predaceous ants (10). 
Ants, in a sense, are like simple toxic 
compounds in the broad spectrum of 
their defenses against herbivores. 

It may be significant that P. adeno- 
poda is one of the most widespread 
species in the genus Passiflora (11). If 
this species spreads to the exclusion of 
other passifloras, a drastic change could 
occur within the heliconiine community. 
However, much more ecological infor- 
mation is needed about the species be- 
fore its impact on the Passiflora-heli- 
coniine complex of species can be 
assessed. 
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