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extracellular electrode. MEPCs were stored as FM tape 
recordings, and analyzed by averaging and /o r  semilo- 
garithmic regression on a PDP-8 computer.  
The fish MEPCs decayed as a single exponential  function, 
and at all temperatures were significantly shorter than 
tetrapod MEPCs recorded under the same conditions (fig.) 
The fish MEPCs were also consistently shorter than pub- 
lished values for other twitch-type fibers: at 15 ~ the 
exponential  t ime constant of  decay (77D) for T. novaezelan- 
diae MEPCs was approximately 1 msec, in contrast to 
2 msec for mouse omohyoideus  14, 3 msec for toad sarto- 
rius 9, 5 msec for snake costocutaneous is, and about 20 msec 
for chicken posterior latissimus dorsi 16, measured at the 
same temperature.  In Rana temporaria, MEPCs from fast 
mgyri formis  fibers have decay time constants of  5 msec at 
6 C 17, which again is longer than ~D for fish extraocular 
muscle (3-4 msec at 6 ~ Time constants reported for slow 
muscle fibers are generally several times longer than those 
of  fast fibers at any given temperature 15'17, although in the 
chicken there is no significant difference between decay 
rates of  fast and slow fibers I6. Rise times for the fish 
MEPCs (TG: the time elapsed between 20 and 80% of  
maximum deflection) were also quite fast, being about 120 
~tsec at 15 ~ 
Apart f rom their short duration, Trachurus MEPCs were 
otherwise normal,  with r D decreasing exponentially with 
temperature ( -  l n r p =  41.66 - 83/RT;  R =  gas constant, 
8.32 J m o l e - ' d e g -  ; T = a b s o l u t e  temperature,  ~ (fig.). 
The Arrhenius temperature coefficient for rate of  M E P C  
decay was 83 kJ m o l e -  l, which is within the range of  other  
vertebrate preparations: mouse 66.2 kJ 14, toad 75.9 kJ 9, 
chicken 73-86 kJ 16. There is a hint o f  a break around 17 ~ 
in the Arrhenius plot of  fish MEPCs,  which may represent 
a phase change in membrane  lipid, as reported for locust 
muscle 18. 
The effect of  membrane  potential  on Tq was also compar-  
able to that of  tetrapod preparations ",19,2~ showing an 
e-fold increase in r D per 100 mV hyperpolarizat ion in the 
voltage range between +25  and - 1 1 0  mV. Voltage- 
clamped z D and T G were somewhat  longer than in extracel- 
lular MEPCs, which was probably due to non-focal  clamp- 
ing. In healthy cells, where MEPCs produced an extracellu- 
larly recorded voltage deflection of  350-500 ~tV, resting 
membrane  potential was about - 60 mV. 
Drug effects on Trachurus MEPCs were also normal:  at 
15 ~ neostigmine (6 pM) increased z D about  2-fold, and 
0.5 M ethanol increased r D approximately threefold. 
The correlation reported here, between the fast decay of  
fish MEPCs and the increased unsaturation and fluidity of  
fish CNS lipids, is in general agreement  with lipid hypo- 

theses of  anesthetic action. Provided that the increased 
fluidity of  neural membranes  is also reflected in the post- 
synaptic muscle membrane ,  it seems clear that changes in 
lipid fluidity do influence the time course o f  synaptic 
events; however  this does not preclude additional sites or 
mechanisms for anesthesia. 
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Summary. Drosophila adults emerging from larvae which successfully el iminated a parasite egg through the formation of  a 
cellular melanotic capsule, were characterized by a decrease of  their size and other biometrical  traits and by an increase of  
the variability among individuals. Adults females also exhibited a significant reduction of  offspring number  due to lower 
oviposition rate and lower egg hatchability. 

With respect to their impact  upon natural populations, parasite females cannot discover and attack all the possible 
parasitic wasps are comparable  to predators I since the hosts individuals and also because, in some cases, defense 
development  of  the wasp implies the death of  the host. The reactions may kill the parasite. 
persistence of  the host populat ion is possible because Natural  populations are the theater of  a classical coevolu- 
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Table 1. Influence O f parasitization on biometrical traits of Drosophila adults 

Character Control Parasitized Comparison (t) ' Coefficient of 
(group 1) No capsule With capsul e 'variation 

(group 2) (group 3) 1-2 1-3 2-3 1 2 3 

Female Fresh weight 107.56 + 0.51 97.21 _+ 2.47 82.60 + 1.24 
Wing length 220.90_+0.86 214.45_+1.61 210.10_+1.13 
Thorax length 105.30_+ 0.40 103.36_+ 0.98 100.43_+ 0.64 
Stern0Pleural chaetae 19.23 _+ 0.30 16.91 _+ 0.64 18.13 _+ 0.36 
Abdominal chaetae 45.27 _+ 0.42 43.91 _+ 0.90 42.30 _+ 0.51 
Ovariole number 40.10_+ 0.86 39.67 _+ 1.40 35.50_+ 0.72 
Number of individuals 30 11 30 

Male Fresh weight 84.53_+ 0.56 71.94_+ 1.25 66.90-+ 0.48 
Wing length 191.93_+0.65 188.23_+1.56 181.03_+0.75 
Thorax length 93.03 _+ 0.47 92.46 _+ 0.71 86.47 _+ 0.51 
Sternopleural chaetae 18.07 _+ 0.33 17.77 -+ 0.59 17.13 _+ 0.40 
Abdominal chaetae 38.00_+ 0.48 36.85 _+ 0.72 35.13 _+ 0.54 
Number of individuals 30 16 30 

4.12"* 18.6"* 5.2* 2.56 9.14 8.06 
3.5** 7.6** 2.2* 2.10 2.38 2.90 
1.8 6.4** 2.5* 2.04 3.06 3.46 
3.2 2.3* 1.6 8.38 11.96 10.62 
3.4 7.6** 1.5 4.95 6.48 6.52 
0.3 4.i** 2.6* 11.61 10.00 10.99 

8.4** 58.3** 26.4** 3.54 6.70 3.89 
2.2* 10.8"* 4.1"* 1.82 2.88 2.24 
0.6 9.4** 6.8** 2.71 2.67 3.15 
1.3 1.9 0.9 9.74 11.52 12.71 
1.4 4.1"* 1.8 6.77 6.73 8.28 

Flies which emerge from parasitized culture either contain (group 3) or do not (group 2) a melanotic capsule. Average values are expressed in 
mg• 10- 2 (weight) or mm • 10 -2 (length). n, number of flies; comparisons between the 3 groups with t-test (*p < 0.05; **p < 0.01). 

Table 2. Comparison of fitness characters between control and parasitized (capsule containing) females 

Traits No. Control No. Parasitized Comparison 

Maximum daily egg production 8 87.0 + 6.8 8 62.3 + 6.8 2.02* 
Egg production at 10 days 8 664.4+ 88.4 8 478.2+ 60.4 1.62 
Egg production at 20 days 8 1422.4_ 154.2 8 988.6 + 120.5 2.07* 
Total egg production 8 2146.1 + 262.2 8 1375.0 + 226.8 2.07* 
Egg hatchability (%) 8 96.6+ 4.5 8 79.0-- 1.7 3.89 ~* 
Female longevity (days) 8 36.9+ 2.85 8 34.4+ 4.7 0.45 

Comparisons done with t-test (~p < 0.05; ** p < 0.01). 

tionary scenario2-6: the host is continuously selected for 
increased resistance since a part of  the next generat ion is 
produced by adults which survived parasitization; the para- 
site, on the other  hand, is selected for an increased viru- 
lence since only successful individuals give rise to the next 
generation. Drosophila parasitic wasps should be a conve- 
nient model  for studying such interactions 7. Previous 
studies 8 have shown that under laboratory conditions Dro- 
sophila adults emerging f rom an infected culture may be 
classified into 3 groups: 1. individuals which were not 
parasitized by the female wasp; 2. individuals which suc- 
ceeded in killing the parasite egg by forming a cellular 
melanotic  capsule; 3. individuals in which the  parasitic egg 
'disappeared'  without any capsule formation. Observing a 
melanotic capsule within an adult fly demonstrates that it 
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Egg production curves for control (--) and parasitized (capsule 
containing) females ( - - - ) .  In all cases, females were mated to 
control males. 

has overcome parasitization. However ,  the frequency of  
capsules in laboratory populations of  D. melanogaster is 
generally low s. The discovery that a strain of  the cynipid 
wasp Leptopilina boulardi induced a high frequency of  
capsules made  it possible to study the physiological and 
genetical properties of  surviving Drosophila. In this paper, 
we show that surviving a parasitic infection is accompanied 
by physiological modifications which persist in the adult 
flies and result in a reduction of  the individual fitness. The 
implicat ions Of this observation in the coevolutionary 
process are discussed. 

Methods, Experiments  were done with a strain o f  D. mela- 
nogaster collected in Malauc6ne near  Avignon, France. The 
parasite L.boulardi originated from Brazzaville (R.P. du 
Congo). This strain may represent a geographic race or 
subspecies which differs from the  type strain by various 
morphological  characters 9 and also by a partial sexual 
iso!ationl~ Drosophila larvae were deposited in culture 
vials in groups of  30 to avoid larval competit ion. A female 
wasp was then in t roduced  in each vial and allowed to 
oviposit in young larvae. After  10 days, emerging Drosophi- 
la adults were observed and classified into 2 categories: 
those containing a capsule and those, less numerous, which 
did not. These adults were compared to control flies grown 
in similar conditions but without contact with a parasite. 
Various biometrical  traits were measured according to 
previously described techniques n and egg production was 
also measured. Experiments were done at 25 ~ using a 
killed-yeast med ium 12. 

Results. Results of  the biometrical  analysis are given in 
table 1. In all cases, the average values observed in capsule- 
containing flies are much lower than in controls, the most 
affected traits being the weight and the wing length. A few 
individuals which emerged from parasitized cultures but 
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whicb~ did not  contain a capsule, were also measured and, 
with only 1 exception (the number  of  sternopleural chaetae 
in females) gave intermediate values between the 2 other 
groups. 
The variability among individuals is also an effective 
measure of  the physiological state of  a populat ion since a 
lower variability may be considered as an indication of  
better physiological conditions ~3. Since different traits were 
measured, a relative estimate, i.e. the coefficient of  varia- 
tion, was used 14. In almost all instances, we observed an 
increase of  variability in the 2 groups which were exposed 
as larvae to the parasitic wasp (table 1). 
Durat ion of  development,  from egg to adult emergence,  
was measured in parasitized and control flies but failed to 
show any significant difference. Egg production was mea- 
sured on the 2 categories o f  females and the curves are 
shown in the figure. Some statistical comparisons are also 
given in table 2 for these flies. 
The fecundity of  the parasitized females was much lower 
than that of  control ones for all periods of  their life but 
their longevities were not  significantly different (table 2). It 
is known that under opt imum laboratory conditions egg 
production is associated with ovariole number  ~5. Dividing 
the maximum daily egg production (table 2) by the average 
ovariole number  (table 1) gives the rate of  egg production. 
In the control flies, the value (2.1 eggs per ovariole per day) 

15 is similar to previous values found for D. melanogaster . In 
the capsule-containing females, the rate (1.8 eggs) is lower, 
suggesting a persistent alteration of  the female physiology, 
independent  of  the reduction in the ovariole number.  This 
is also demonstrated by the analysis of  egg hatching 
(table 2). In spite of  the fact that, in all cases, the females 
were mated to control males, the capsule-containing group 
produced much fewer viable offspring than the control 
group. Although a more precise analysis remains desirable, 
this difference may be attributed to an impaired fertiliza- 
tion in parasitized females. 

Discussion. Insect larvae containing a living parasite and 
which are expected to die exhibit numerous behavioral  and 
physiological disturbances (see Vinson and Iwantsch 16 for a 
review)~ Finding that parasitized larvae, which overcame 
infestation, showed a disturbed development  and produced 
physiologically abnormal  adults, could appear at first to be 
a trivial observation. This matter  has, however, hardly been 
documented in the case o f  parasitic wasps and its possible 
effects upon natural populations have not been considered. 
Our results demonstrate that the Drosophila larvae which 
encapsulated the parasite egg produced much smaller and 
more variable adults than the controls. Drosophila adults 
which emerged from parasitized cultures but did not con- 
tain a capsule, showed quite similar modifications. It is not 
known if these individuals survived after the death and 
resorption o f  the parasite egg without capsule formation or 
i f  the larvae were just stung by the female wasp without egg 
deposition. This observation however  suggests that the 
venom, which is inoculated during the sting 17, could play a 
major role in the infection of  the Drosophila larva. 
Most interesting is the observation that some physiological 
alterations persist in the adult stage o f  Drosophila females. 
The reduction of  egg production,  and hence of  their fitness, 
seems to be mainly a consequence of  the reduction of  the 
ovariole number.  However ,  the lower rate of  oogenesis and 
also the lower hatchability of  the eggs suggest that some 
physiological alterations still persist in the adult stage. 
Such phenomena  are likely to occur in natural populations:  
the host species will be propagated,  at each generation, by 
normal  individuals which escaped parasitization and by 
individuals resistant to parasites but which have a reduced 
fitness. Presumably, this fitness difference slows down the 
dissemination of  resistance genes in the host populat ion 
and thus favors the virulence o f  the parasite. The propor- 
tion of  resistant Drosophila in natural populations is not 
well known but at least in 2 cases a significant proport ion 
of  flies containing melanot ic  capsules has been found is. 
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