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Reproductive Effort in Molluscs 

Robert  A. Browne* and W.D. Russell-Hunter 
Department of Biology, Syracuse University, Syracuse, NY 13210, USA, and 
Marine Biology Laboratory, Woods Hole, MA02543, USA 

Summary. A survey of the available molluscan literature shows that reproduc- 
tive effort is higher in semelparous species (29.90%) than in iteroparous 
species (18.21%), and that in iteroparous species reproductive effort increases 
with successive breeding seasons. Oviparous species were found to divert 
considerably more into reproduction than viviparous species, with 24.24% 
and 5.25% channeled respectively. 

Since the classic review of the significance of life-cycle pattern by Lamont 
Cole (1954), there has been continued interest in, and investigations of, the 
ecological and evolutionary implications of different levels and patterns of nu- 
merical fecundity. Markedly fewer studies have been concerned with the compar- 
ative bioenergetics of fecundity. Williams (1966a, b) has stated that an increase 
in reproductive effort should accompany increases in female age within a species. 
He reasons that as each individual animal ages, there is a decrease in future 
reproductive costs incurred by high reproductive effort at the current age. Simi- 
larly, a species with a brief life-span with only one opportunity to reproduce 
should exert a high reproductive effort. Conversely, in longer-lived species, 
selection would be expected to favor those individuals that expanded their 
reproductive effort to cover a long time period rather than attempting high 
reproductive production early in life. Like all hypotheses and models based 
on fitness criteria, appropriate data for testing need to be developed and 
expressed in suitable and consistent terms to allow appropriate comparisons 
of the " t rade-offs"  within individual and population energy budgets. 

As Tinkle (1969) has pointed out, even in vertebrate studies, there has been 
an absence of satisfactory direct measurements of reproductive effort. The most 
commonly used measurements have been clutch size and clutch weight to body 
weight ratio (Lack, 1947). However, both of these measurements have been 
criticized for high within-individual and between-individual variation. 
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Table 1. Reproductive effort for four semelparous molluscan species 

Species name AF X ~young ~'p_gC X ggC CR:CAv Annual Notes Reference 
life-span AF young AF N-RA 
in to rep. 
mouths (%) 

Lymnaea palustris 12 203 5.0 6,000 0.169 15 F,h a Hunter (1975) 
Ferrissia rivularis 4 34.8 6.4 200 1.114 " 30 F,h Burky (1971) 

12 8.4 3.6 200 0.151 11 
)7 for F. rivularis 21.6 5.0 200 0.540 20.5 
Helisoma trivolis 12 1962 18.3 14,770 2.431 69 F,h Eversote (1974) 
Bithynia tentaculata 18 200 39.4 4,470 1.763 19 F,d Mattice (1972) 
Laevapexfuscus 6 70.1 4.31 524 0.576 37 F,h McMahon (1975) 

12 27.4 4.31 671 0.176 15 
for L.fuscus 48.8 4.31 598 0.376 26 

M = Marine, F-Freshwater ; h = Hemaphroditic, d = Dioecious 

Species data averaged from more than one population 

In one of  the few investigations to date involving bioenergetic assessment, 
Tinkle and Hadley (1975), working with lizards, calculated the p ropor t ion  of  
the energy budget  that  is channeled into reproduct ion.  Propor t ional  al location 
o f  non-respired, assimilated energy provides one meaningful  measure of  repro- 
ductive effort. Over the last twelve years, there have been fairly extensive efforts 
(largely by our  associates, see for review: Russell-Hunter,  1978) to compile 
"actuar ia l  bioenergetics" in natural  populat ions  of  molluscs (particularly in 
fresh waters). 

The present paper is an a t tempt  to summarize the molluscan literature where 
data are available for the amoun t  o f  effort that  is channeled into reproduct ion,  
not  only to compare  reproductive effort between species but  also to compare  
species-groups which share c o m m o n  reproductive characteristics, such as vivipar- 
ity or multiple breeding seasons. Reproduct ive  effort is estimated by two different 
parameters :  first, the percentage of  non-respired assimilation [or N-R.A. ,  
which approximates  for the modal  individual the net  productivi ty o f  the popula- 
t ion (see Browne, 1978; Russell-Hunter,  1978; and elsewhere)] that is diverted 
into reproduct ion annually, and secondly, the ratio between the amoun t  of  
carbon that  is channeled into reproduct ion CR and the amoun t  of  carbon con- 
tained in the average adult  female CAF. All data is taken directly f rom the 
original papers. In some cases, CR:CAF is not  available. We are aware of  the 
implicit weaknesses of  CR : CAr as an estimate of  comparat ive reproductive "ef-  
f o r t "  since it involves a rate  output  or productivi ty for the reproductive output  
(carbon per time) and a " s t and ing  c r o p "  carbon estimate for the average adult  
female. Despite this, we feel that  both  estimates have value in compar ing  repro- 
ductive effort between species, between populat ions  and between generations. 

Estimates of  reproductive effort are presented for semelparous molluscan 
species in Table 1 and for i teroparous molluscan species in Table 2. The total 
of  sixteen species include both  marine and freshwater gestropods and bivalves. 
Both CR and CAe are quoted in gg of  carbon. Russel l-Hunter  et al. (1968) 
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Table 2. Reproductive effort for nine iteroparous molluscan species 
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Species name Breeding AF X'young ~'ggC ~'ggC 
season life- AF young AF 

span in 
months 

C R : CAF Annual Notes Reference 
N-RA 
to rep. 
(%) 

Viviparus First 
georgianus Second 

Third 
Annual 
Average 

Corbicula First 
manitensis Second 

Annual 
Average 

Patinopecten First 
yessoensis Second 

Third 
Annual 
Average 

Sphaerium Annual 
striatinum Average 

Crassostrea Annual 
virginica Average 

Teguta Annum 
funefi'aIis Average 

Fissurella Annual 
barbadensis Average 

Modiolus Annual 
demissus Average 

Nerita Annual 
tesselata Average 
versieolor 
peloronta 

Venus Annual 
mercenaria Average 

Melampus Annual 
bidentatus Average 

12 
24 
36 

36 

6 
12 

12 

12 
24 
36 

36 

26 

4.7 650 35,920 
12.3 650 97,460 
12.0 650 120,540 

9.67 650 84,640 

I6,011 1.4 54.402 
31,244 1.4 222,338 

23,628 1.4 138,370 

0.085 2.9 F,d a 
0.082 4.2 
0.065 6.3 

0.074 4.5 

0.412 13.5 F,h" 
0.197 24.4 

0.239 15.3 

3 M,h 
25 
61 

6 1,000 21,000 0.286 

29.7 

Browne 
(1978) 

Aldridge and 
McMahon 
(1978) 

Fuji and 
Hashizume 
(1974) 

6 F,h Avolizi (1976) 

16.2 M,h Dame (1976) 

15.l M,h Fraser (1967) 

9.6 M,h Hughes (1971 a) 

16.8 M,h Kuenzler (1961) 

18.6 M,h" Hughes (1971b) 

Ansell and 
22.5 M,h Lander (1967) 

33,150 46 M,h Apley (1970) 

estimate that  in molluscs, 1 g C a r b o n =  10.94 Cal, a l though there is some varia- 
t ion depending  u p o n  the a m o u n t  of stored lipids. 

When  semelparous species (single breeding in lifetime) are compared  to 
i teroparous species (multiple breeding), it is apparen t  that, on the average, 
semelparous species divert significantly more of their annua l  N R A  to reproduc- 
t ion than  i teroparous species, with 29.90% and  18.21% channeled respectively. 
This is paralleled, where the data are available, in the difference between the 
two groups in the CR: CAr ratio. This average ratio in semelparous species 
is 1.06 but  only 0.20 in i teroparous  species. 
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F o r  three i t e ropa rous  species, da t a  are avai lable  for  es t imat ing  reproduc t ive  
effort  for discrete breeding  seasons as well as for  annua l  l ifetime est imates .  
F o r  these i t e ropa rous  species, the percentage of  annua l  N R A  devoted  to repro-  
duc t ion  increases with each successive breeding  season. W h e n  the da ta  for  
the three species are averaged,  the percentage  of  annua l  N - R . A .  devoted  to 
r ep roduc t ion  increases in 1 : 2 : 4  ra t io  for  the first, second, and  th i rd  breed ing  
seasons,  respectively.  This increase is not  shown in the CR:CAr ra t io ,  in which 
the energy conten t  of  the m o d a l  female for  successive genera t ions  does no t  
reflect the co r r e spond ing  energy inves tment  in con t inued  female growth  (which 

decreases in the 3rd year).  
The two v iv iparous  species, V. georgianus and  S. striatinum, show the lowest  

values for the percentage of  annua l  N - R . A  devoted  to r ep roduc t ion ,  with a 
mean  of  5.25% versus 24.24% for the four teen remain ing  ov ipa rous  species. 
Viv ipa rous  species also show much  lower CR:CAF ra t ios  (0.18 versus 0.92). 
At  least  pa r t  of  this  lower expendi ture  is p r o b a b l y  a t t r ibu tab le  to the ma in ten-  
ance costs  a b s o r b e d  by v iv iparous  females,  which lowers the es t imates  of  net  
reproduc t ive  effort.  Tinkle  and  Had ley  (1975) found  similar  results  for  a vivi- 
pa rous  l izard  species. 

In  conclusion,  the theore t ica l  cons idera t ions  of  Wi l l iams  concern ing  repro-  
duct ive effort  seem to be jus t i f ied  for this g roup  of  mol luscan  species for which 
we have sui table  data .  Reproduc t ive  effort  within a species increases with 
age and with successive breeding  seasons,  and  reproduc t ive  effort  is higher  
in semelparous  species than  in i t e roparous  species. 
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