
be achieved, the best compromise would 
be one refuge as large as possible plus 
some smaller refuges. This recommenda- 
tion is not based on idiosyncratic taxa 
but on a variety of taxa on at least four 
continents. Nor is this recommendation 
premature, in view of the clear message 
and the rapid pace of human destruction 
of natural habitats. In the absence of 
input from biologists, developers may 
often prefer small refuges as being easier 
to create and as leaving more land for 
development goals of obvious political 
significance. Biologists should familiar- 
ize themselves with the island dilemma 
so that their arguments for large refuges 
will be explicit and persuasive. 
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Following a now well-established prac- 
tice, Simberloff and Abele use results 
from island biogeography to draw infer- 
ences about the efficacy of isolated parks 
and refuges as reservoirs of natural diver- 
sity. However, some of their conclusions 
are contrary to those espoused by others 
who have considered the same problem 
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Following a now well-established prac- 
tice, Simberloff and Abele use results 
from island biogeography to draw infer- 
ences about the efficacy of isolated parks 
and refuges as reservoirs of natural diver- 
sity. However, some of their conclusions 
are contrary to those espoused by others 
who have considered the same problem 
(2-4). 

Simberloff and Abele consider an ex- 
periment in which very small (<0.05 ha), 
isolated copses of mangroves were dis- 
sected into several lesser units separated 
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by channels wide enough to reduce the 
dispersal of some of the arthropod spe- 
cies present. After an equilibration peri- 
od of 3 years; a census was again made 
of the "archipelago" for its arthropod 
fauna, with the result that the collection 
of separate islets contained a few more 
species (81 as compared to 77) than did 
the original intact copse. From this they 
conclude that "the more (and smaller) 
refuges posited as an alternative to a 
single large one, the more likely is the 
archipelago of small refuges to contain 
more species." 

A key feature of their experiment was 
the presence nearby of large continuous 
stands of mangroves containing a rich 
"source" fauna of hundreds of species 
of arthropods, many of which were ca- 
pable of invading tiny outlying islets. 
Indeed, in discussing the experiment, 
they recognize that "possibly the in- 
creased extinction rates on the individual 
islands in this mangrove archipelago are 
more than compensated for by the pres- 
ence of the other islands as nearby sources 
generating high propagule . . . inva- 
sion rates." In contrast, those of us 
who have argued the essentiality of large 
preserves have imagined quite a different 
scenario, one in which most of the land- 
scape has been preempted by agricultur- 
al or other human uses, and in which 
scattered parks remain as the only 
redoubts for species that are unable to 
adapt to degraded habitats. The islands 
considered by Simberloff and Abele 
were at equilibrium, meaning that extinc- 
tions were. in balance with recurrent im- 
migrations from a rich external source. 
However, the dynamics of equilibrial 
systems are simply not germane to the 
problem of isolated parks set in an in- 
tensively exploited landscape; rather, 
the appropriate-context is that of land- 
bridge islands in which the source has 
been removed and only islands remain. 
Under these circumstances, logic calls 
for a strategy of minimizing extinctions, 
and this, I contend, is best accomplished 
with large preserves. As I shall explain 
below, there are circumstances in which 
large preserves are neither necessary nor 
appropriate, but these are special cases 
directed toward particular species, rath- 
er than toward whole ecosystems. 

I f it is agreed that the primary objec- 
tive of a rational conservation policy 
should be to preserve viable populations 
of as many as possible of the species that 
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that species at the top of the trophic 
ladder (such as wolves, bears, eagles, 
and mountain lions) require extensive 
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foraging ranges. Population densities of 
such species are low, typically on the 
order of one individual per 10 km2. To 
protect representative samples of com- 
plete ecosystems, areas of hundreds or 
thousands of square kilometers are es- 
sential. 

An optimal system of preserves should 
be designed to minimize extinctions, a 
matter that Simberloff and Abele pass 
over lightly. Much of our knowledge of 
extinction rates comes from the study of 
land-bridge islands, islands that were cut 
off from the adjacent mainland by rising 
water levels at some known time in the 
past (frequently the end of the Pleisto- 
cene). Kinetic analysis begins with the 
assumption that land-bridge islands ini- 
tially contained a species complement 
equal to that of an equivalent-sized seg- 
ment of mainland. When dispersal is shut 
off or severely restricted by the inter- 
position of a water barrier, the high- 
diversity ecosystem of the newly created 
island begins to "relax," and eventually 
converges toward the low-diversity con- 
dition of a strictly oceanic island of 
equivalent size, climate, and remote- 
ness. Several studies of land-bridge is- 
lands have been completed, and the re- 
sults are gratifyingly concordant (3-5). 
The following conclusions appear to be 
well substantiated. 

1) Species loss is area dependent. An 
island of 250 km2 is estimated to lose 
about 4 percent of its resident bird spe- 
cies during the first century, while one of 
5000 km2 loses only 0.5 percent (4). 

2) Extinctions proceed rapidly at first 
as the most vulnerable species drop out, 
and then at a diminishing pace as the 
community approaches equilibrium. 

3) Among the first species to expire are 
those on the highest rungs of the trophic 
ladder, and the largest members of feed- 
ing guilds. The implications of this are 
uncertain, because the effects of top 
predators, or even herbivores, on the 
interactions of species in the lower tro- 
phic levels of terrestrial ecosystems are 
poorly understood. In some aquatic eco- 
systems, however, it is known that the 
removal of "keystone" predators can 
lead to dramatically altered, usually less 
diverse communities (6). 

4) Where it has been possible to exam- 
ine replicated groups of land-bridge is- 
lands, the evidence suggests that the or- 
der of extinctions is highly consistent. 
One can infer from this that the individ- 
ual units of a scattered park system 
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5) As relaxation goes to completion, 
the character of land-bridge island avian 
communities is gradually transformed 
from one typical of the dominant vegeta- 

1029 

would lose very similar sets of species. 
5) As relaxation goes to completion, 

the character of land-bridge island avian 
communities is gradually transformed 
from one typical of the dominant vegeta- 

1029 



lead to negative conclusions as to the use 
of juvenile hormone (JH) analogs in in- 
tegrated insect control practices. How- 
ever, examination of his data reveals that 
the generalizations implied in the ab- 
stract and in the report cannot be justi- 
fied on the basis of the evidence present- 
ed. 

No less serious is the recognition that 
the methods used by McNeil do not guar- 
antee any relevance to projected effects in 
the field, and that the statements on high- 
er activity against the parasite as com- 
pared to activity against the target pest 
are based on a biased test procedure. Ab- 
solute target pest specificity (if attainable 
at all) may be the ultimate goal for the in- 
tegrated control manager, but at present 
it offers insufficient incentive for com- 
mercial development. Appreciable in- 
creases of selectivity over currently em- 
ployed broad-spectrum insecticides may 
be able to favorably tip the pest-parasite 
balance in long-term use under field con- 
ditions. It is exactly this thatjuvenile hor- 
mone analogs generally have to offer. 
Their intermediate arthropod selectivity 
(coupled with a very favorable verte- 
brate toxicity margin) is extensively 
documented (2) and may satisfy users 
and producers in this respect. 

Although McNeil concedes that "sev- 
eral, if not all stages of the life cycle of 
the pest's parasitoids are present con- 
currently," he proceeds to describe his 
"more realistic test" on only immature 
parasitoids and fails to mention that the 
adults are likely to escape damage and 
should be able to continue to attack any 
surviving pest hosts. 

A second objection is McNeil's pre- 
sentation of final mortality figures due to 
IGR (insect growth regulator with JH 
activity) treatments. These strongly sug- 
gest that the IGR's in question have prac- 
tically no effect on aphids, but kill 100 
percent of the parasitoids. However, our 
experiments (3) have shown that third-in- 
star nymphs of several species of aphids 
would be controlled completely, even at 
the lowest concentration (0.01 percent) 
of the IGR in question, provided that one 
waits for aberrations in the metamor- 
phosis of the aphids to materialize with 
subsequent mortality or failure to repro- 
duce (or both). Since this cannot be ob- 
served on parasitized aphids that mum- 
mify, a control group that was unparasi- 
tized and treated should have been 
included in the experiments in order to 
evaluate the host mortality separately. 

The results as published, therefore, can- 
not be interpreted as indicating a differ- 
ential activity on host and parasite, and 
any statement to that effect is mislead- 
ing. It should also be recognized that 
even the most selective control agent is 
likely to cause the death of an endopara- 
sitoid when the host is killed prior to the 
full development of the parasitoid, but 
this in itself should not be a cause for 
concern. 

Under field conditions, the population 
dynamics of pest-parasite complexes is 
further complicated by the presence of 
hyperparasites, which should also be in- 
cluded in any realistic evaluation. 

Even if one would succeed in showing 
that, in properly designed experiments 
with candidate control chemicals, a para- 
site suffers more damage than a pest 
host, it would still not be justifiable to ex- 
trapolate the conclusions, as McNeil did, 
to other species, to other IGR's, and to 
the myriad of complex conditions exist- 
ing in the field. 

G. B. STAAL 
S. G. NASSAR 

Zoecon Corporation, 
Palo Alto, California 94304 
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At no time did I dispute (I) the labora- 
tory findings of Nassar et al. (2) con- 
cerning the effects of certain JH analogs 
on nonparasitized greenbugs, from 
which, incidentally, they conclude (by 
extrapolation?) that the JH analog ZR777 
would completely control several aphid 
species even at a concentration of 0.01 
percent. The data I reported [table 1 in (1)] 
represent the mortality of parasitized 
aphids resulting from the application of 
JH analogs and not from the effects of a 
developing parasitoid, and they were 
necessary to show that the parasitoid 
mortality recorded (table 2) was the re- 
sult of JH analog treatments alone. I be- 
lieve that even if JH analogs had no di- 
rect effect on parasitoids, yet killed hosts 
that contained parasitoids, it would be 
cause for concern. This is so because the 
host is already doomed by parasitization 
and its premature demise due to chem- 
ical treatment only results in the loss of a 
beneficial insect, the parasitoid. I also 
feel that the marked differences in aphid 

and parasitoid mortality, as observed 
within the context of my experiment, are 
important. This view is supported by the 
work of Poe (3), who studied the effects 
of ZR619 and ZR777 on the tomato pin- 
worm and an associated endoparasitoid. 
Emergence of pinworms pupating in 
sand that had been treated with JH ana- 
logs was not suppressed while parasitoid 
emergence was totally inhibited (3). 

The statement that my experimental 
design represented a "more realistic" ap- 
proach was made with reference to data 
(4) where hosts were treated prior to 
parasitization, and not at different times 
after parasitoid attacks, as would be the 
case under field conditions. The argu- 
ment that adult parasitoids may escape 
the effects of JH analog treatments in no 
way diminishes the importance of the 
high endoparasitoid mortality within the 
insect pest. 

Contrary to the implications made by 
Staal and Nassar in their statement that 
"it would still not-be justifiable to extrap- 
olate the conclusions, as McNeill did 
.. ," I in fact recommended that "Com- 
prehensive studies are essential to evalu- 
ate fully the off-target effects of these 
'third generation' insecticides prior to 
their use on a commercial scale in natural 
ecosystems." The sensitivity of several 
parasitoids to different JH analogs under 
laboratory conditions (1, 3, 5) convinces 
me that large-scale use of these products 
prior to in-depth field studies would be a 
serious error. If JH analogs, even though 
effective against the insect pest, serious- 
ly disrupt the natural host-parasitoid bal- 
ance, a situation such as that described 
by Plapp (6) could arise where "An in- 
secticide highly toxic to parasitoids and 
predators may have the paradoxical ef- 
fect of actually increasing numbers of the 
pest it is supposed to control." This is 
definitely not the objective of a well-de- 
signed integrated control program. 

JEREMY MCNEIL 

Department de Biologie, 
Faculte des Sciences et de Genie, 
Universite Laval, Quebec GIK 7P4 
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