
Male Contribution to Egg Production in Butterflies: 
Evidence for Transfer of Nutrients at Mating 

Abstract. Radiotracer stuldies on three butteifly species showed that nutrients con- 
tributed by males through mating are used by females f r egg production and possi- 
bly for somatic maintenance. 

Nutrient investment in eggs consti- 
tutes a major expenditure of reproduc- 
tive effort for female insects, with the nu- 
trients involved being derived in various 
degrees from larval or adult feeding. 
Little attention has been paid, however, 
to the idea that female adult nutrition 
may include substances representing 
male investment in egg production (1). 
Such investment must, through sexual 
selection, affect the evolution of dif- 
ferences between the sexes in behavior, 
ecology, and so forth. Paternal invest- 
ment includes prey provided to the fe- 
male by the male inBittacus (Mecoptera) 
(2), male secretions in Panorpa (Mecop- 
tera) (3), and extruded spermatophores 
in Orthoptera (4). Further, females of 
several other insect orders, including 
Neuroptera and Lepidoptera, have long 
been hypothesized to absorb spermato- 
phores internally, using the lipoprotein 
structure for egg production and general 
maintenance (5). However, the only pub- 
lished research (6) demonstrating the use 
in vitellogenesis of material transferred 
from the male to the female at copulation 
is that of Friedel and Gillot (7) for Mela- 
noplus sanguinippes (Orthoptera) and of 
Goss (8) for Lym ire edwardsii (Lepidop- 
tera). 

We now report that nutrients provided 
by the male (probably from the sper- 
matophore) have been incorporated into 
eggs in three butterfly species with dif- 
ferent mating and adult feeding habits. 
Danaus plexippus, Heliconius hecale, 
and Heliconius erato (Lepidoptera: 
Nymphalidae) were studied in radio- 
tracer experiments aimed at determining 
whether male-derived substances are in- 
corporated into eggs. As far as we know, 
D. plexippus feeds primarily on nectar as 
an adult, and the females mate as many 
as eight times (9). Adults of both Heli- 
conius species collect pollen as well as 
nectar (10). Female H. hecale mate 
about three times on the average (11); H. 
erato females are usually mated at emer- 
gence (12) and average close to one mat- 
ing. 

Slightly different procedures were fol- 
lowed for D. plexippus and H. hecale as 
distinct from H. erato. In experiments 
with the first two, only male-derived in- 
vestment in egg production and female 
soma was examined with radiotracers, 
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whereas in H. erato both male- and fe- 
male-derived investment was followed, 
but in egg production only. 

The D. plexippus and H. hecale males 
were fed a mixture of sucrose with an 
algal protein hydrolysate (Amersham/ 
Searle) uniformly labeled with 14C, and 
then mated to virgin females. Eggs were 
collected at intervals from individual fe- 
males and assayed for radioactivity (13). 

One H. hecale female (No. 2) was dis- 
sected after 27 eggs had been laid, repre- 
senting 5 days' oviposition. Individual 
body parts were analyzed for radioactivi- 
ty. 

As fifth-instar larvae, H. erato males 
and females were injected with amino 
acids (Amersham/Searle) labeled with ei- 
ther "1C or :3H; as adults, they were fed a 
1: 1 mixture of 20 percent sugar water 
and radioactive amino acids. All females 
mated only once. Eggs were collected at 
intervals from individual females and as- 
sayed for radioactivity (14). 

In all species examined, the first eggs 
laid by the female contained the radio- 
active label administered to the male, 
which indicates rapid incorporation of 
substances contributed by the male (Fig. 
1). Such radioactivity was not due pri- 
marily to fertilization by labeled sperm, 
as dissection of H. hecale female No. 2 
showed that unfertilized eggs were 
roughly as radioactive as fertilized eggs 
(Table 1). 

The dissection of H. hecale No. 2 fur- 
ther showed that substances from males 

Table 1. Summary of radioactivity in H. he- 
cale No. 2. 

Count per Body part minute 

Head 25,586 
Wings 8,940 
Thorax 123,522 
Small drop of hemolymph 5,362 
Gut and surrounding fat body 29,213 
Abdomen walls 101,810 
Washed fat body 11,629 
Sperrnatheca and 

surrounding fat body 19,629 
Spermatophore and bursa 111,880 
Unfertilized eggs (N = 14) 33,946 

Value per egg 2,424 
Ovarioles and remaining eggs 7,503 
Eggs laid before dissection 

(N = 13) 37,174 
Value per egg 2,860 

were distributed throughout the female's 
body within a week of mating (Table 1). 
This finding suggests that such sub- 
stances may contribute not only to vitel- 
logenesis, but also to the female's somat- 
ic maintenance, with a possible effect on 
longevity. 

Second matings by D. plexippus and 
H. hecale resulted in a second peak of 
radiotracer incorporation into eggs, with 
a form similar to that of the first peak. 
This result suggests that the dynamics of 
incorporation do not vary with sequen- 
tial matings by females. 

The experiments with H. erato in- 
dicated that substances derived from fe- 
male larval reserves, female adult pollen 
feeding, and nutrients provided by males 
all contributed to egg production (Fig. 1, 
C and D). The data hint at possible trade- 
offs through time in the rates at which 
the various nutrient sources available to 
the female are used. For example, in the 
case of H. erato No. 24, female adult 
feeding coincided with a surge in radio- 
activity from the adult female label and a 
depression in that from male sources. 
Such trade-offs would make energetic 
sense, as utilization of newly obtained 
nutrients saves having to convert them 
to a form suitable for storage and de- 
lays the expense of mobilizing other re- 
serves. 

In both D. plexippus and H. hecale, 
sequential mating by the same male re- 
sulted in a decrease in the amount of ra- 
dioactivity transferred (Fig. 1). Such a 
decrease may be dde to any combination 
of a decrease in the male contribution, 
siphoning off of label into male somatic 
metabolism, or use of different metabo- 
lite pools by the male in sequential mat- 
ings. 

The actual form of this male-derived 
nutrition is problematic. Observed 
changes in spermatophore weight and ni- 
trogen content (15) do not account for 
the initial high activity followed by sharp 
decline observed in many species (Fig. 
1). Nutritional inputs other than the sper- 
matophore are thus likely to be involved. 
The constant increase in activity during 
the first 2 weeks in H. erato (Fig. ID), 
however, may reflect the gradual break- 
down and use of the spermatophore 
since it degenerates over a similar period 
in related Heliconius species (16). 

Thus, material provided by the male, 
including the spermatophore, can be a 
major item in the nutrient and energy 
budgets of each sex within a species. In 
particular, male-derived nutrients may 
be more important in those species with 
little or no adult feeding (or with feeding 
on substances low in nitrogenous com- 
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pounds), which must rely on larval re- 
serves for both reproduction and somatic 
maintenance. In such species, mating 
patterns may interact with life history by 
influencing the timing and amount of nu- 
trients and energy available to each sex. 
For example, within the genus Euxoa 
(Lepidoptera: Noctuidae), species that 

emerge with all oocytes mature and live 
shorter lives as adults have a lower in- 
cidence of multiple mating, whereas spe- 
cies that undergo vitellogenesis as adults 
and live longer have a higher incidence 
of multiple mating (17). Likewise, fe- 
males of butterflies such as Danaines and 
Ithomiines with long reproductive life- 

spans (18), but without the quality of 
adult resources of Heliconius (10), mate 
repeatedly (19). In both groups, males at- 
tract females with pheromones (20). 
Could it be that males are a limited re- 
source for females? 
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Fig. 1. Results of single- and double-label radiotracer experiments on three butterfly species. 
isotopes were contained in free amino acids. (A) Heliconius hecale (Panama). Male No. 3 
fed 590 /xCi of 14C during'the interval between 6 October and 7 November 1973 and was ma 
with female No. 1 on 12 and 21 November 1973. The peak of activity after the second ma 
was well below that after the first mating. (B) Danaus plexippus (Texas). Male No. 4 was fed 
,uCi of 14C during the interval between 1 January and 8 February 1974 and was mated v 
female No. 1 on 2 March 1974. Male No. 5 was fed 390 /xCi of 14C during the same interval 
was mated with female No. 1 on 5 March 1974. The rate of decline in activity (for example 
percent per day after first mating) may be attributable to the large number of eggs laid per 
(30 to 65) by this species. Activity after the second mating increased rapidly. (C) Helicot 
erato (Costa Rica). Female No. 5 was injected with 8.5 ,xCi of 3H as a larva, emerged as an a( 
on 14 May 1975, and was fed 0.2 FJ.Ci of 4C on 9 June 1975. She was mated with male No 
(cold) on 16 May 1975. The pulse of 14C activity after the second feeding of 14C to female N 
appears to have temporarily depressed larval-derived 3H activity. (D) Heliconius erato (C( 
Rica). Female No. 24 was injected with 0.075 I/Ci of 14C as a larva, emerged as an adult or 
May 1975, and was fed 0.05 xCi of 14C on 9 June 1975. She was mated on 22 May 1975 with n 
No. 4. Male No. 4 had been injected with 10 ,uCi of 3H as a larva, emerged as an adult on 14 
1975, and was fed 20 ftCi of 3H on 16 May 1975. Male-derived radioactivity dropped abru 
after the female was fed. 
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