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Consequences of Parasitism to Marine Invertebrates: 

Host Evolution?1 

Gregory M. Ruiz 
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Synopsis. Parasitism among aquatic invertebrates is common, if not ubiquitous, and can 
be pathological to hosts. However, host evolution in response to parasitism has received 
little attention, particularly for marine invertebrates. Drawing on the rich literature dem- 
onstrating prey adaptations to predators, I develop analogous predictions for the ways in 
which host life histories may be molded by their parasites. Such adaptations are expected 
when the effects of parasites are severe and when the probability of infection is high. Predicted 
life history changes include the evolution of semelparity, reduced age at first reproduction 
and reduced size at first reproduction. Using Recent and fossil populations of two bivalves 
species in the genus Transennella, I show that the incidence of trematode parasites may 
explain a trend of reduced size through time and contribute to the maintenance of sexual 
dimorphism for size. 

Introduction 

Parasites are common in marine com? 
munities and include a broad diversity of 

protozoan and metazoan species (for recent 
reviews see Kinne, 1980, 1983, 1984a, b\ 
Muehlstein, 1989; Sindermann, 1990a, b). 
Furthermore, it is probable that all species 
in marine habitats have parasites (e.g., Price, 
1980). 

For marine invertebrates, consequences 
of parasitism to the individual host have 
been described for a broad range of host and 

parasite taxa and can be severe. Parasitic 
infection often results in drastically reduced 

growth, fecundity, and survival and may 
alter behavior (for reviews see Holmes and 

Bethel, 1972; Kinne, 1980, 1983; Sousa, 
1983; Sindermann, 19906). In marine hab? 

itats, and more generally, the importance of 
these effects in population and community 
processes has received increasing attention 

(e.g., Anderson and May, 1978,1979a; May 
and Anderson, 1979; Rosenfield and Kern, 
1979; May, 1983;Lessios^a/., 1984,1985; 
Sousa, 1991). 

This paper examines evolutionary con? 

sequences of parasitism to marine inver? 
tebrates. Despite recent interest in host- 

parasite evolution (e.g., Holmes, 1983; 
Rollinson and Anderson, 1985; Freeland, 
1986; Dobson, 1988), this topic has been 

1 From the Symposium on New Perspectives in Soft- 
Sediment Ecology presented at the Annual Meeting of 
the American Society of Zoologists, 27-30 December 
1990, at San Antonio, Texas. 

virtually ignored for marine organisms. 
Drawing on available literature and original 
data, I develop some predictions for the 

evolutionary responses of marine inverte? 
brate hosts to their parasites. The primary 
focus here is trematode parasitism of aquatic 
(i.e., marine and freshwater) molluscs. The 
choice of these taxa, and the inclusion of 
freshwater studies in a symposium on 
marine ecology, was based on the limited 
literature available for host evolution of 

aquatic invertebrates. 

Evolutionary Responses of 
Hosts to Parasitism 

Background 

The interaction of parasite and host pop? 
ulations over time has been portrayed as an 

evolutionary arms race, with hosts evolving 
defenses against parasites that are evolving 
counter-adaptations to host defenses (Price, 
1980; Holmes, 1983; Freeland, 1986; Seger 
and Hamilton, 1988). An analogous arms 
race between predator and prey populations 
(Gilbert, 1971; Dawkins and Krebs, 1979) 
has apparently led to the evolution of 
numerous anti-predator defenses or adap? 
tations in aquatic invertebrates, including 
changes in behavior, morphology, life- 

history, and chemical composition that 
reduce the risk of predation (e.g., Harvell, 
1986;KerfootandSih, 1987; Vermeij, 1987; 
Stearns, 1989; Crowl and Covich, 1990; 
Hairston and Dillon, 1990). While a similar 
suite of anti-parasite adaptations may be 

predicted for aquatic invertebrate hosts, 
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especially where the outcome of parasitism 
is death or castration (=reproductive death), 
these adaptations have not been reported 

(Holmes, 1983; Minchella, 1985; Dobson, 

1988). 
The literature on anti-parasite adapta? 

tions, or host evolution, for aquatic inver- 

tebrates is restricted primarily to immune 

responses of molluscs (Minchella, 1985). 
The immune system of freshwater gastro- 
pods plays an active role in defense against 
trematode infection and may exhibit local 

adaptation, having evolved greater resis- 
tance to local strains than to distant strains 
of the same trematode species (Wakelin, 
1978, 1985; Lackie, 1980; van der Knaap 
and Loker, 1990). Parasite-resistant strains 

have also been reported in marine bivalves 

following epizootics or outbreaks of pro- 
tozoan parasites (Rosenfield and Kern, 

1979), presumably evolving in response to 
severe selection by the parasitism. Interest- 

ingly, sexual reproduction itself may have 
evolved in response to parasitism. Genetic 
recombination (meiosis) may produce an 
immune system more effective at meeting 
parasite counter-adaptations than that pos- 
sible with asexual reproduction (Seger and 

Hamilton, 1988; Lively, 1987). 
Besides immune responses, the only other 

anti-parasite adaptation reported for aquatic 
invertebrates has been termed fecundity 
compensation (Minchella and LoVerde, 
1981; Minchella, 1985; Thornhill et al, 

1986). Exposure of the freshwater snail 

Biomphalaria glabrata to miracidia of the 
trematode Schistosoma mansoni has 
resulted in significantly increased rates of 

egg-laying relative to unexposed controls. 
The same result was obtained whether or 
not the snails actually became infected; this 
has been interpreted as a compensatory 
response to probable reduction in future 

reproductive success, because the infection 

usually results in castration. 

Theoretical considerations 

Parasites act as selective agents when they 
are common and cause a reduction in host 
fitness through lowered survival, growth, 
access to mates, or fertility (Minchella, 1985; 
Freeland, 1986). For molluscan hosts, the 
cost of infection by sporocyst and redia (i.e., 

pre-cercarial) stages of digenetic trematodes 
can be very high, often including reduced 

fecundity, castration, and increased mor- 

tality (e.g., Kuris, 1974; Lauckner, 1980, 
1983). Nevertheless, if prevalence of infec? 
tion is usually low, possibly due to immune 

defenses, selection for anti-parasite adap? 
tations may be weak. Using this argument, 
Dobson (1988) suggested that low preva? 
lence of trematode parasitism, usually near 
1% and rarely exceeding 10% of a popula? 
tion, may explain the relative lack of anti- 

parasite adaptations for aquatic inverte? 
brate hosts. 

Although a review of trematode preva? 
lence is not available, there are many mol- 
luscan species for which prevalence has been 

reported in excess of 10% (e.g., Fraser, 1967; 
Koie, 1969; Swennen and Ching, 1974; 
Sanders and Lester, 1981; see Table 1 in 

Sousa, 1991). However, most prevalence 
data reported are difficult to interpret and 

compare; they are typically derived from 
few samples, taken over short temporal and 
undefined spatial scales. Parasitism can be 

highly seasonal and may exhibit patchiness 
or even predictable spatial pattern such as 
shore-level gradients (e.g., Swennen and 

Ching, 1974; Lauckner, 1980, 1983). An 
additional complication exists where no 
distinction has been made among different 

sized/aged individuals, as trematode para? 
sitism often increases with size/age (see 
below). With these caveats in mind, the cur- 
rent literature indicates many mollusc pop? 
ulations do not have the low prevalence sug? 
gested by Dobson (1988). Furthermore, 
Anderson and May (1979&) suggested that 

prevalence on a lifetime (or cohort) basis 
can be grossly underestimated with most 
available data, which do not include para- 
site-induced mortality. 

Strong selection due to trematode para? 
sitism, favoring the evolution of anti-par? 
asite adaptations, apparently exists for some 
molluscan hosts. In particular, the preva? 
lence and cost of pre-cercarial infection is 
often very high, despite the presence of 
immune defenses. Furthermore, post-cer- 
carial stages (i.e., metacercariae) can occur 
in virtually all individuals of a host popu? 
lation (e.g., Lauckner, 1983; Fig. 3B; see 
also Table 3 in Sousa, 1991) and may have 
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further deleterious effects. Given the com? 

mon occurrence of trematodes in molluscan 

populations (e.g., Lauckner, 1980, 1983), 
selection favoring anti-parasite adaptations 

may even be widespread. However, in addi- 
tion to fecundity compensation by Biom- 

phalaria, I am only aware of two cases 

(below) in which host evolution is hypoth- 
esized that does not involve the immune 

system. 
Semelparity in freshwater temperate snails 

may be an evolved response to trematode 

parasitism. Semelparity in these snails is 

widespread, is derived from iteroparous 
ancestral marine or terrestrial species, and 
is probably a response to unpredictable or 

poor adult survivorship (Calow, 1978; 
Heller, 1990). Trematode parasitism is 

common among freshwater snails and fre- 

quently leads to castration. Because trem? 
atode prevalence commonly increases with 
host size and age (e.g., Rothschild, 1941; 
Matthews, 1974; Sousa, 1983; Anderson and 

Crombie, 1984), Bayne and Loker (1987) 
proposed that trematode parasitism con- 
tributed to poor adult survivorship and the 
evolution of semelparity in the group. If 

parsitism is solely size-dependent, selection 
due to parasitism should favor the evolu? 
tion of smaller size. Life history theory pre- 
dicts that selection due to age-dependent 
parasitism should favor an earlier age at first 

reproduction (e.g., Stearns, 1976; Reznick 
and Endler, 1982; Reznick, 1983; Harvell 
and Grosberg, 1988). Because of the posi- 
tive correlation that often exists among size, 

age at first reproduction, and longevity (e.g., 
Calow, 1983), each age- and size-dependent 
parasitism may result in decreased size, lon? 

gevity, and age at first reproduction. 
A similar change in life history due to 

trematode parasitism may have occurred in 
a marine bivalve (Ruiz and Lindberg, 1989). 
I next review the available data on life his? 

tory and trematode parasitism for this clam 

host, considering a possible relationship 
between the two. 

A case history 

1. Background. ?The venerid clams 
Transennella tantilla and T. confusa are 
abundant in sediments of bays and estuaries 

along the Pacific coast of North America 

(Abbott, 1974), where they can reach den- 

sities above 15,000 clams/m2. Both species 
have direct development, live approxi- 

mately one year, and attain maximum sizes 

of 5-6 mm in shell length (Obrebski, 1968; 

Asson-Batres, 1988; Russell and Huelsen- 

beck, 1989; Mottet, 1988; Ruiz, unpub- 
lished data). Transennella tantilla and T. 

confusa are both infected by digenetic trem- 

atodes. 
The trematode Telolecithus pugetensis is 

described from T. tantilla (DeMartini and 

Pratt, 1964) and also occurs in T. confusa 

(personal observation). The pre-cercarial 
rediae infect Transennella, giving rise to 

cercariae that invade other bivalve species 
and mature in fish (e.g., embiotocid surf- 

perches). Of 200 female T. tantilla exam- 

ined from False Bay, Washington, 39.5% 

were infected by Telolecithus in June and 

July (Kabat, 1986). For the size range of 

clams sampled, 3.5-5.9 mm, prevalence did 

not increase with size. Kabat (1986) found 
that female T tantilla infected with Telo? 

lecithus had a lower fecundity (=brood size) 
compared to uninfected individuals of sim- 

ilar size (Fig. 1), concluding that infection 
resulted in "partial castration" and that hosts 

would remain reproductive. Not included 
in Kabat's figure were the 24 infected indi? 

viduals (30.4% of his parasitized popula? 
tions) that he found to be completely cas- 

trated, very likely the fate of all parasitized 
hosts at a more advanced stage of infection 

(e.g., Lauckner, 1980, 1983; Anderson and 

Crombie, 1984). Transennella confusa 
infected with Telolecithus suffers a similar 
loss of fecundity (Ruiz, unpublished data). 

Two other species of trematode, in addi- 
tion to Telolecithus, were found in both spe? 
cies of Transennella at Bodega Bay, Cali- 

fornia. Of 184 T tantilla examined from a 

single site (0.4 m above mean lower low 

water) in April 1990, 17.4% were infected 
with pre-cercarial trematodes. The preva? 
lence of infection increased strongly with 
clam size (Fig. 2), from less than 10% of 

small (2.5-3.5 mm) clams infected to over 
40% of large (>5.0 mm) clams infected. 
Parvatrema borealis was the most common 

pre-cercarial trematode found in T. tantilla, 

making up 56% of all infections. Teloleci? 
thus was only present in one individual (3% 
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ADULT SHELL LENGTH (mm) 

Fig. 1. Fecundity of female T. tantilla from False 
Bay, Washington in June and July 1984. Shown are 
the sizes of broods as a function of shell length for 
clams infected by pre-cercarial Telolecithus (O) and 
those not infected (?). (Fig. 1 from Kabat, 1986.) 

of all infections). A third trematode species, 
not yet identified, was present in 5 individ? 
uals (16% of all infections), and the remain- 

ing pre-cercarial infections (25%) were at 

early stages of development that could not 
be identified to species. No multiple infec? 
tions were present. 

The prevalence of pre-cercarial infections 
for T. confusa at Bodega Bay in July 1986 
had a very similar relationship with size 

(Ruiz and Lindberg, 1989, Fig. 4). Overall 
14.2% of 161 clams were infected. Preva? 
lence was approximately 0% for small (< 3.5 

mm) clams and over 30% for large (>5.0 
mm) clams. Although the species compo- 
sition was not quantified, all three trema? 
tode species occurred in this and subsequent 
samples (Ruiz, unpublished data). 

In addition to False Bay and Bodega Bay, 
trematodes are common in other Transen- 
nella populations. Russell and Huelsenbeck 

(1989) reported the prevalence of uniden- 
tified trematodes to range from 2.9% to 
67.9% for monthly samples of T. confusa 
from Half Moon Bay, California. Further? 

more, one or more species of trematode have 
been present in all populations that I have 
examined of T. confusa (Half Moon Bay, 
California; Tomales Bay, California; Bodega 
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Fig. 2. Prevalence of pre-cercarial trematode infec- 
tion for T. tantilla from Bodega Bay, California in April 
1990. Prevalence is shown as a function of shell length, 
and sample sizes are indicated at the top of each size 
category. 

Bay, California) and T. tantilla (Morro Bay, 
California; Elkhorn Slough, California; Bo- 
linas Lagoon, California; Tomales Bay, Cal? 

ifornia; Bodega Bay, California; Coos Bay, 
Oregon; False Bay and Wescott Bay, Wash- 

ington). 
As with Telolecithus, pre-cercarial infec- 

tion by Parvatrema and the unidentified 

trematode, was associated with lowered 

fecundity and sterility for T tantilla (Fig. 
3 A); a similar relationship was found for T. 

confusa (Ruiz, unpublished data). Other 

possible effects of pre-cercarial trematodes 
on behavior, growth, and survival of Tran- 
sennella have not been explored. In addi- 
tion to pre-cercarial infection, metacercar- 
iae of Parvatrema infect T. tantilla and T. 

confusa (Stunkard and Uzmann, 1958; 
James, 1964; Obrebski, 1968; personal 
observation). Virtually 100% of the Tran- 
sennella examined from Bodega Bay were 
infected with metacercariae. The number of 
metacercariae increased markedly with clam 

size, as shown for T. tantilla (Fig. 3B). While 
Obrebski (1968) found mass mortality of T 
tantilla at Tomales Bay, California associ? 
ated with an increase in the number of meta? 
cercariae per clam, effects of Parvatrema 
metacercariae on Transennella have not 
been measured. 

The metacercariae of Parvatrema are of 
further interest because they cause the for- 
mation of characteristic pits on the inside 
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Fig. 3. Size-specific characteristics of T. tantilla at 
Bodega Bay, California in April 1990: (A) Fecundity 
of clams infected (O) and not infected (A) by pre-cer? 
carial trematode stages; (B) Number of Parvatrema 
metacercariae; (C) Growth in shell length plotted against 
final size for males (A) and females (O). 

shell surface of Transennella that are also 

present in fossils (Ruiz and Lindberg, 1989). 
The fossil record indicates that Parvatrema 

has infected Transennella in California since 

the Pliocene. Thus, Transennella has had at 

least 2 million years to evolve in response 
to interactions with trematodes. 

2. Evolutionary responses of hosts to par? 
asites??In response to trematode parasit? 
ism, life history theory (e.g., Stearns, 1976; 
Reznick and Endler, 1982; Calow, 1983) 
predicts changes in Transennella similar to 
those proposed by Bayne and Loker (1987) 
for their freshwater snails. In both cases, the 

prevalence and cost of pre-cercarial infec? 

tion is high, and infection exhibits a strongly 
positive size-(age-)dependence. While Bayne 
and Loker (1987) suggested semelparity may 
have evolved in response to trematode par? 
asitism, the general predictions of their 

argument include 1) size reduction in 

response to size-dependence of parasitism 
and 2) reduction in age at first reproduction 
in response to age-dependence that would 

likely result in reduced longevity and size 

(as above). 
The fossil record for Transennella indi- 

cates a significant size reduction has occurred 

along the Pacific coast since the Pleistocene 

(Ruiz and Lindberg, 1989). The mean max- 
imum size of clams from Pleistocene sam? 

ples was 10.38 mm (SD = 1.30), and the 
same measurement from Recent popula? 
tions was 6.63 mm (SD = 1.57). While many 
factors may have caused or contributed to 

changes in size, and correlated life history 
traits (e.g., Ruiz and Lindberg, 1989), these 
data are consistent with the predictions of 

Bayne and Loker (1987) for the role of par? 
asitism in host evolution. 

An interesting pattern of parasitism 
emerges for T. tantilla when considering the 
sexes separately. The species has been 
described as a protandric hermaphrodite 
(Gray, 1982; Kabat, 1986; Asson-Batres, 
1988). This conclusion was drawn from the 
observation that most males were smaller 
than females, never attaining the size oflarge 
females, and that some individuals appeared 
to be simultaneous hermaphrodites. How? 

ever, Mottet (1988) has shown T. tantilla at 
False Bay, Washington are probably not 

protandric. It appears that only a small por- 
tion are hermaphroditic, as is occasionally 
found in other gonochoric bivalves (e.g., 
Sastry, 1979). In the laboratory, Mottet 

(1988) showed that intersexual size differ? 
ences can be attributed to differential growth 
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Fig. 4. Percentage of males (?) and females (?) in a 
sample population of T. tantilla (Bodega Bay, Califor? 
nia; April 1990) shown with the prevalence of pre- 
cercarial trematode infection for each 0.5 mm size cat- 
egory. Males and females do not sum to 100% within 
each size because parasitized clams could not always 
be sexed. 

rates. In the field, she found that sex ratio 
did not depart significantly from 1:1 and 
that growth beyond a winter growth check 

(ring) was much greater for females than 
males. Use of rings to infer growth rates 

(e.g., Lutz and Rhoads, 1980; Tanabe, 1988) 
suggests similar intersexual differences exist 
at Bodega Bay (Fig. 3C) and many other 
locations (Ruiz, unpubl. data). 

Sexual dimorphism is very rare among 
free-living bivalve molluscs (Sastry, 1979; 
Mackie, 1984), and no information is avail? 
able on the prevalence of parasites for the 
few dimorphic species known. In the case 
of T tantilla, males have a lower rate of 

pre-cercarial infection than the larger 
females (Fig. 4). 

Parasitism may have played a role in the 
evolution of sexual dimorphism for T tan? 
tilla. One interpretation of Figure 4 is that 
trematode prevalence for T tantilla is pos- 
itively size-dependent and that differences 
in age or sex have little or no effect on prev? 
alence (independent of size). Thus, small 
males suffer a lower prevalence than would 

larger males, and selection due to parasitism 
has favored size reduction. The same is true 
for females. However, the relationship 
between size and reproductive success may 
differ for males and females. Brood size 

(fecundity) of female T. tantilla increases 

> / / I 
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o 
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Fig. 5. Hypothetical relationship of fecundity and 
probability of pre-cercarial infection as a function of 
size for T. tantilla. Fecundity, or reproductive success, 
is shown separately for males (M) and females (F). 
These relationships are only defined qualitatively here 
(i.e., without scale). Where probability of infection is 
high and strongly size-dependent, the different size- 
fecundity relationships between sexes may favor the 
evolution of sexual dimorphism. 

exponentially with size (Fig. 3A; Kabat, 

1985, 1986), and brood production is prob- 

ably a good measure of reproductive suc? 

cess. While the number of sperm produced 
or stored by male T. tantilla probably 
increases with size, just as female fecundity, 
male reproductive success may bear no such 

relationship (e.g., Ghiselin, 1969). This may 
be especially true for species with direct 

development where males live in close con- 

tact with females and/or where males pass 
sperm to females (e.g., O'Foighil, 1985) 
rather than broadcast spawn. Thus, selec? 

tion for small size by parasitism may be 
counteracted to different degrees for males 
and females by selection due to size-depen? 
dent reproductive success (Fig. 5), resulting 
in sexual dimorphism for size. 

Conclusion 

The goal of this paper is to examine the 

evolutionary responses of marine inverte? 

brate hosts to parasitism, especially in soft- 

sediment habitats. It is clear that immune 

defenses exist for freshwater and marine 
invertebrate taxa. Despite the presence of 
immune defenses, selection for the evolu? 
tion of anti-parasite defenses or adaptations 
should exist in many host populations and 

may even be common when trematodes are 
involved. 

Unfortunately, there is more speculation 
than data available to evaluate the relation- 
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ship between trematode parasitism and host 
evolution. The examples presented for 
freshwater snails and the clams Transen? 
nella illustrate a relationship that may exist 
between parasitism and evolution of host 
life history traits. While both examples offer 
viable hypotheses, they are not intended to 
claim a causal relationship does exist. 

Evaluation of these and other hypotheses 
regarding host evolution will often require 
intra- and interspecific comparisons of host 
traits as a function of parasitism (e.g., Lively, 
1987). Such comparisons rely on the quan- 
tity and quality of available data, which for 
the prevalence and effects of parasitism is 
still very limited in both regards. Collecting 
prevalence data in a standardized fashion, 
with attention to spacial and temporal scales 
and to host size, is essential for comparison. 
Furthermore, a strong need exists to test 

experimentally and verify the patterns (e.g., 
size- or age-dependence) and effects of par- 
asitic infection in field populations. Only 
after we have these data can the potential 
importance of parasitism in host evolution 
be evaluated. 
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