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m TECHNICAL COMMENTS 

precipitation, exchanged into 10 mM tris-HCI and 
1 mM EDTA (pH 7.5) with a Bio-Rad p-10 column, 
and resolved by SDS-polyacrylamide gel electro- 
phoresis (12% gel). The resolved proteins were 
electroblotted onto a polyvinylidene difluoride 
membrane; one lane of the sample (approximate- 
ly 2% of the total protein) was immunoblotted with 
antibody to phosphotyrosine to localize p38, and 
the remainder of the blot was stained with Pon- 
ceau S. The stained p38 band was excised, and 
after treatment with trypsin (29), the resultant 
peptides were separated by high-performance 
liquid chromatography on a C18 column with a 0 
to 100% acetonitrile gradient containing 0.01% 
trifluoroacetic acid (29). Fractions were collected, 
and a number of peptides were sequenced. All 
peptide sequences were found in the cDNA clone 
isolated. Degenerate oligonucleotides (16 mer) 
corresponding to either end of peptide 25, NFAN- 
VFIGANPLAVDLLEK (15), were used for the poly- 
merase chain reaction (PCR) with cDNA from 
70Z/3 cells as a template in order to obtain a DNA 
fragment containing the exact nucleotide se- 
quences encoding the middle part of this peptide. 
Products of PCR resolved in an 8% acrylamide 
gel were eluted and subcloned into pBluescript 
vector. Sequencing verified the fidelity of the PCR 
product. A murine liver cDNA library (ClonTech, 
Palo Alto, CA) was screened with this PCR probe, 
and nine positive clones containing 0.8- to 3.5-kb 
inserts were obtained after screening 5 x 105 

colonies. Restriction enzyme mapping and partial 
DNA sequencing indicated that all clones were 
identical; the longest cDNA clone was chosen for 
complete sequencing. 
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database through the National Center for Biotech- 
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puter programs were from the Wisconsin Genet- 
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Biological Control and Refuge Theory 

In classical biological control, biologists 
introduce an imported parasitoid in order to 
reduce the density of an accidentally im- 
ported insect host. If the pest density de- 
clines and the introduced natural enemy 
achieves moderate-to-high frequencies of 
attack, projects are considered successful. 
An association between successful biologi- 
cal control and high parasitization is to be 
expected. Hawkins et al. (1) found that 
maximum parasitization rates occurred 
when hosts had little protection from para- 
sitoids (that is, small refuges), and they 
conclude (1, p. 1430) that susceptibility to 
parasitism (that is, high rates of parasitism) 
is a "significant estimate of the probability 
that the parasitoid introduction will reduce 
host densities." We find this conclusion 
suspect for five reasons. 

1) The literature used by Hawkins et al. 
is likely to be biased in favor of the refuge 
hypothesis because cases of pest populations 
declining with low rates of parasitization are 
unlikely to be recorded as examples of 
successful biological control (2). 

2) Refuge size is estimated by Hawkins 
et al. as one minus the proportion of the 
pest population parasitized. By definition, 
high parasitism characterizes successful bio- 
logical control, therefore the argument that 
small refuges favor the success of biological 
control is a tautology. 

3) Most simple measurements of "per- 
cent parasitism" contain errors or distor- 

tions arising from the influences of host and 
parasitoid phenologies (3). Single values 
cannot characterize host-parasitoid interac- 
tions, and maximum values are unlikely to 
be typical over longer times or in different 
areas (4). 

4) Contrary to the prediction made by 
Hawkins et al., successful biological control 
can result from the use of agents that are 
characterized by low rates of parasitization 
in their native habitat (5). Natural enemies 
that are rare in their native habitat may 
have superior potential as control agents 
when released in exotic habitats (6). 

5) Hawkins et al. attribute seven cases of 
high parasitization (above 60%) in unsuc- 
cessful biological control projects to climat- 
ic mismatch between parasitoids and hosts. 
We question how such high rates of para- 
sitization could be achieved if climatic fac- 
tors "reduce parasitoid reproduction, survi- 
vorship, or host synchrony ..." (1, p. 
1431). 

Variation in the susceptibility of insects 
to predators, parasitoids, and disease is im- 
portant. Mechanisms for encapsulating par- 
asitoids, hiding from predators, and resist- 
ing disease influence the impacts of natural 
enemies in native and exotic habitats, but 
measuring refuge size from the observed 
maximum parasitization of successful bio- 
logical control programs does not yield new 
understanding or predictability to the prac- 
tice of biological control. 
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Hawkins et al. (1) demonstrate a significant 
and robust relationship between the outcome 
(success or failure) of a potential biocontrol 
program and the maximum percentage para- 
sitism achieved by the parasitoid agent follow- 
ing its initial release. They propose that this 
relationship illustrates that the size of a "ref- 

SCIENCE * VOL. 265 * 5 AUGUST 1994 811 



uge" against parasitism is inversely propor- 
tional to the probability of effective control in 
the long term. While we support the idea that 
refuge size may well be important in determin- 
ing the depression of the host population 
achieved by a parasitoid, we contend that the 
data they present do not measure refuge size in 
the sense most frequently met in ecological 
studies. 

A key assumption in the report by Hawk- 
ins et al. is that a constant fraction of the pest 
population is contained within a refuge re- 
gardless of host or parasitoid density; thus, 
inundation of the host population with the 
parasitoid will leave only those contained 
within the refuge unparasitized (1, 2). Host 
density is therefore unimportant and parasi- 
toid density must be maximal. However, if 
this assumption is contravened, refuge size 
will depend on host density, parasitoid densi- 
ty, or both (3, 4). Refuges commonly encoun- 
tered in the field result from diverse sources 
and many of these would result in a variable 
rather than a fixed proportion of hosts escap- 
ing attack. If attack rates follow a Poisson or 
negative binomial distribution (3, 5, 6), for 
example, then the probability of escaping 
attack decreases as the parasitoid:host ratio 
increases. Consequently, at extremely high 
parasitoid densities (such as those found at the 
epicentre of release or following exponential 
population growth of an exotic parasitoid), 
such a probability refuge is at a minimum. 
However, once the parasitoid is established 
and the host population is depressed, this ratio 
(and therefore the size of the probability 
refuge) will change. It is at this point that 
refuge size will determine the ultimate success 
of a biocontrol release. 

Although Hawkins et al. obtain a strong 
relationship between their two variables, this 
indicates only that maximum percentage par- 
asitism is a good indicator of the potential 
success of a biological control program. The 
data they present came from pest populations 
before parasitoid-induced depression, and in- 
cludes data from release epicentres. However, 
percentage parasitism only signifies that the 
parasitoid chosen has become established. Es- 
tablishment is the result of a number of 
parasitoid-related factors including (i) com- 
patability with the pest, (ii) climatic match- 
ing to the release site, and (iii) release of 
sufficient numbers to prevent stochastic 
events causing extinction before establish- 
ment. Percentage parasitism will also indicate 
if there are any absolute refuges. Other com- 
mon forms of host refuge will not be detected 
by snapshot samples of parasitism at periods of 
high parasitoid density. 

Trevor Williams 
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OXI 3SR United Kingdom 

REFERENCES 

1. B. A. Hawkins, M. B. Thomas, M. E. Hochberg, 
Science 262, 1429 (1993). 

2. M. E. Hochberg and B. A. Hawkins, ibid. 255, 973 
(1992). 

3. M. P. Hassell, The Dynamics of Arthropod Pred- 
ator-Prey Systems (Princeton Univ. Press, Prince- 
ton, NJ, 1978). 

4. J. R. Beddington, C. A. Free, J. H. Lawton, Nature 
273, 513 (1978). 

5. R. M. May, J. Anim. Ecol. 47, 833 (1978). 
6. __ and M. P. Hassell, Philos. Trans. R. Soc. 

London Ser. B 318, 129 (1988). 

10 March 1994; accepted 28 June 1994 

Response: What kind of data are necessary 
to predict the outcome of parasitoid intro- 
ductions for biological control? Myers et 
al. raise several issues as to why maximum 
parasitism rates should (or should not) 
predict the ultimate success or failure of a 
project. Their first two points propose that 
the relationship is tautological. However, 
the data included in our analysis judged 
the success of projects on the basis of 
economic criteria (1). An introduction 
that does not reduce the status of a pest 
will not be judged a success, irrespective of 
maximum parasitism rates. The reluctance 
of biocontrol workers to accept maximum 
estimates of parasitism as characterizing 
parasitoid-host interactions is argued by 
Myers et al. themselves in their third 
point. 

In evaluating success in biological con- 
trol and the underlying theory, it is im- 
portant to distinguish between mean and 
maximum rates of parasitism. The former 
will include the effects of density-depen- 
dent factors and in most cases will be 
influenced by spatial and temporal vari- 
ability in the susceptibility of the host to 
parasitoid attack. The latter measure min- 
imizes the influence of such factors by 
estimating the susceptibility of the host 
when parasitoid densities are not limiting. 
There is a well-developed theory founded 
on variability in rates of parasitism (2), 
but the data suggest that quantifying this 
variability is not necessary for evaluating 
the impact of parasitoids on host popula- 
tions. This is the unexpected aspect of our 
results. 

Refuge theory does not predict that low 
parasitism never leads to reductions in host 
densities. The actual refuge level at which 
parasitoids can reduce host densities de- 
pends on host reproductive rate as well as 
the parasitoid's host utilization rate. On the 
other hand, the very low rates of host 
reproduction necessary for control to be 
effected by low rates of maximum parasitism 
are probably an uncommon feature among 
insects that achieve pest status, so the 
probability of success at low refuge levels 
should be small. This is what the data 
indicate. 

The question of whether parasitoids 
that are rare in their native locations can 
reduce host densities after introduction 
was not addressed in our report, but it is an 
important issue. If by "rare," we mean that 
the parasitoid occurs at low densities, then 
it is indeed possible that it is an effective 
agent, because by keeping its host at low 
densities, it also occurs at low densities. If 
"rare"l means that parasitism rates are very 
low, this may not have anything to do 
with the host if competition among para- 
sitoids in a multispecies complex or hyper- 
parasitism keeps that particular species 
rare. Either way, rarity does not tell us 
anything about host refuges. However, a 
related issue is whether low rates of max- 
imum parasitism in the host's native range 
can be used to predict whether any para- 
sitoid can affect control in exotic loca- 
tions. If the current data are representa- 
tive, they suggest that hosts that never 
suffer parasitism of more than 30% in their 
native ranges will be not amenable to 
biological control by using parasitoids. 
Thus, an additional test of the hypothesis 
would examine maximum (not mean) par- 
asitism rates by all parasitoid species in 
native locations and success rates in exotic 
locations. 

Refuge theory assumes that parasitoids 
are climatically adapted to the region of 
introduction. If not, our theory of host- 
parasitoid interactions based on dynamic 
constructs is not applicable. Examples of 
high maximum parasitism rates that do 
not lead to reductions in pest densities 
because of climatic mismatch have been 
given (1). 

Williams and Hails raise the issue (from 
a theoretical perspective) of variability in 
parasitism rates resulting from density-de- 
pendent forces. As they summarize, much 
of the theory of parasitoid-host dynamics, 
including our own, suggests that this vari- 
ability is important. Even so, our principal 
result indicates that quantifying such prob- 
abilistic refuges may not be critical in prac- 
tice. Maximum percentage parasitism re- 
flects more than just parasitoid establish- 
ment (which, although essential, provides 
no guarantee of successful control). It is an 
estimate of the minimum fraction of hosts 
escaping parasitism, or of the proportional 
refuge. 

Finally, refuge theory offers a parsimo- 
nious explanation for a wide range of 
patterns found in parasitoid-host interac- 
tions, including success in biological con- 
trol (3). Further empirical research will 
tell us the extent to which proportional 
refuges can serve as a predictor of these 
patterns. 

Bradford A. HIawkins 
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812 SCIENCE * VOL. 265 * 5 AUGUST 1994 



i:--; TECHNICAL COMMENTS 

Imperial College, 
Silwood Park, Ascot, 

Berks SL5 7PY, United Kingdom 
Michael E. Hochberg 

Ecole Normale Supe'rieure, Centre 
National de la Recherche Scientifique- 

Unite de Recherche Associee 258, 
Laboratoire d'Ecologie, 

75230 Paris Cedex 05, France 
Matthew B. Thomas 

Leverhulme Unit for Population Biology and 
Biological Control, Imperial College 

REFERENCES 

1 B. A. Hawkins, M. B. Thomas, M. E. Hochberg, 
Science 262, 1429 (1993). 

2. M. P. Hassell, The Dynamics of Arthropod Pred- 
ator-Prey Systems (Princeton Univ. Press, Prince- 
ton, NJ, 1978); R. M. May, J. Anim. Ecol. 47, 833 
(1978); S. W. Pacala, M. P. Hassell, R. M. May, 
Nature 344, 150 (1990). 

3. B. A. Hawkins, Pattern and Process in Host- 
Parasitoid Interactions (Cambridge Univ. Press, 
Cambridge, UK, 1994). 

12 January and 28 March 1994; accepted 10 
March and 23 June 1994 

Calcium and Inositol 1,4,5-Trisphosphate-lnduced 
Ca2+ Release 

One of the pathways that regulates cyto- 
solic free Ca2" is that of inositol 1,4,5- 
trisphosphate (InsP3) inducing intracellular 
stores to release Ca2+ (1). It has been 
suggested that the dependence of this re- 
lease on the concentration of free Ca2+ in 
the cytoplasm comprises Ca2'-induced ac- 
tivation of the InsP3-gated channel in the 
presence of submicromolar concentrations 
of cytosolic Ca2+ (2, 3). The immediate 
positive feedback control of InsP3-induced 
Ca2+ release resulting from such activation 
would be important in the regulation of 
store discharge, and this control has been 
incorporated into different models describ- 
ing the spatiotemporal aspects of Ca 2+ sig- 
naling, for example, hormone-induced os- 
cillation in cellular Ca2+ and propagation 
of Ca2+ waves (1-3). 

Nevertheless, as the buffering of free 
Ca2+ at low concentrations generally in- 
volves the use of Ca2+ chelators, the valid- 
ity of such experiments may be doubted if 
the chelators have any activity other than 
chelating. Recently, Richardson and Tay- 
lor showed that several chelators interfered 

with the InsP3 receptor (4). In their exper- 
iments, the Ca2+-free forms of the Ca2+ 
chelator BAPTA and the related fura-2 dye 
proved to be competitive antagonists of 
InsP3 binding to its receptor. In contrast, 
EGTA [another Ca2+ chelator that has 
been widely used in most of the experi- 
ments supporting Ca2+ activation of the 
InsP3-gated channel (2)] was found by Tay- 
lor and Richardson to have virtually no 
effect on InsP3 binding to its receptor, as 
measured at low temperature under alkaline 
conditions (4). 

We further investigated the effect of 
EGTA by directly measuring InsP3-induced 
45Ca2+ efflux from microsomal stores de- 
rived from cerebellum, a tissue rich in InsP3 
receptors. We found that 1 mM EGTA 
greatly reduced the amount of 45Ca2+ re- 
leased during 2 s (Fig. 1). The dose depen- 
dence of InsP3-induced 45Ca2+ release was 
studied in two different media buffered at 
pCa 6.5 (20?C, pH 7.1), which contained 
either 30 FLM Ca2+-free EGTA and 30 i.M 
CaEGTA or 1 mM Ca2+-free EGTA and 1 
mM CaEGTA. In the presence of the 

Fig. 1. Inhibition by EGTA per se of InsP3- 
induced 45Ca2+ release within 2 s from cere- o 

0 
bellar microsomes. Microsomes, prepared from Q.100 
sheep brain (7), were actively loaded with (a , 
45Ca2+, diluted in an lnsP3-free medium at pCa i 
9, and layered onto a nitrocellulose 0.45-,um 50 - 

filter. Most of the external 45Ca2+ was washed t4 

out by a short rinse with the same lnsP3-free 
C 

medium. The adsorbed microsomes were per- - 0 
fused with 2 ml of release medium containing I 

different concentrations of InsP3. Perfusion un- , 

der controlled vacuum took about 2 s. The filter 0 0.01 0.1 I 
was counted with no additional rinsing, so that [1nsP3 (IM) 
the perfusion-dependent drop in counted 
45Ca2+ reflected only the drop in trapped 45Ca2+ during the 2-s perfusion. This drop is expressec 
as the fraction of the InsP3-sensitive 45Ca2+ pool released. The release medium contained 100 mMV 
KCI, 20 mM NaCI, 5 mM MgCI2, 25 mM Hepes-KOH (pH 7.1, 200C), and either 30 ,M EGTA plus 
30 FM CaEGTA (0), or 1 mM EGTA plus 1 mM CaEGTA (A). In both cases, pCa was close to 6.5 
as checked by fluorescence measurements after addition of fluo-3. The mean value, + standarc 
deviation, is indicated. 

higher concentration of EGTA, the dose- 
response curve for InsP3 was shifted upwards 
by one order of magnitude, which implies 
inhibition by EGTA. Artifactual effects of 
EGTA or CaEGTA on different systems are 
well documented (5). 

Preliminary experiments suggested that 
when the inhibitory effect of EGTA was 
taken into account, free Ca2+ was a poor 
activator of InsP3-induced Ca2+ release 
(not shown), which is consistent with pre- 
vious results by Meyer and co-workers (6). 
They found no influence of free Ca2+ in the 
range of 150 to 800 nM on the kinetics of 
Ca2+ release from permeabilized basophilic 
leukemia cells into Ca2+-depleted media in 
which the only buffer for Ca2+ was fluo-3, 
present at a small concentration, around 1 
FLM. Do these results negate the activating 
effects of Ca2+ on InsP3-induced Ca2+ re- 
lease described previously? At least, they 
call for reexamination of the possible arti- 
factual effects of Ca2+ chelators or Ca2+ 
probes in those experiments, as such effects 
likely account for part of the previously 
observed activation by Ca2+. The Ca2+ 
sensitivity of the InsP3 receptor might well 
have been overestimated. 
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Response: After examination of Combettes 
and Champeil's legitimate concerns, we 
conclude that artifactual effects of Ca che- 
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