
Observations and Ideas 

Parasite transmission via a vitamin supplement 

Parasites that live in the diges
tive tracts of vertebrates are 
almost always transmitted to 

them by an infective process. The 
infective stage itself can be ingested 
by the host, but more often the infec
tive stage is attached to or incorpo
rated into a prey item (the interme
diate host) that is a component of 
the definitive host's diet. The nutri
tional requirements and foraging 
activities of the hosts therefore exert 
strong selective pressures on para
site populations (Lozano 1991), If 
genetic diversity provides the para
site with an opportunity of increas
ing the probability of an encounter 
with the definitive host, for in
stance by a specific association 
with a preferred prey item of the 
definitive host, then such a char
acter will be of selective advan
tage to the parasite. 

Some parasites have a further ad
aptation to increase the probability 
of transmission: They make the in
termediate host more susceptible to 
predation by the definitive host. for 
example, the parasite may elicit a 
modification of intermediate host 
color or trigger a behavior that makes 
the intermediate host more conspicu
ous, thereby increasing the likeli
hood that the intermediate host will 
be preyed on by the definitive host 
(Bethel and Holmes 1977, Dobson 
1988, Moore 1984, 1995, Moore 
and Gotelli 1990). When parasites 
are highly pathogenic, the definitive 
hosts may in turn selectively avoid 
prey items that may be intermediate 
hosts for such parasites, exhibiting 
altered behaviors that decrease the 
cost of being infected (Connors and 
Nickol 1991) or result in parasite 
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avoidance (Combes 1991). Al
though such behavioral "arms 
races" are not weI! documented, 
their potential to influence the evo
lution of food webs is attracting 
increased attention from ecologists 
(Brown et al. in press). 

In this artlc!e, we describe a 
process that favors the completion 
of the life cycle of a parasite. The 
parasite appears to take advantage 
of its definitive host's need for an 
essential vitamin (B I) to ensure its 
transmission. Whether this process 
selects for counter behaviors on 
the part of the host, however, is not 
clear. 

The Aporchis massiliensisl 
yellow-legged gull system 

Yellow-legged gulls (Laws cachin
nans michael/is) on the shores in the 
Mediterranean are parasitized by 
several intestinal trematodes (Fig
ure 1). The life cycle of one of these, 
Aporchis massiliensis (Echino
stoma tid), has three main stages: 
cercariae, metacercariae, and adults 
(Prevot 1971). Cercariae, the free 
larvae, multipy to high levels by 
asexual reproduction in the benthic 
mollusc Vermetus triqueter. Once 
they emerge from the snails, the 
cercariae encyst on various sub
strates, in particular algae, and 
lose their tails to form metacer
cariae. The gulls become infected 
by ingesting meta cercariae, and the 
adult worms live in the intestine of 
the bird. This parasite is appar
ently cosmopolitan. 

The A. massiliensislyellow
legged gull system has several 
unique features: 

• The metacercariae are mainly 
found on algae (Cystuseira 
amentacea Bory, var. stricta 
Montagne), especially at the ex
tremities of the ramifications, or 

fronds. Some metacercariae are 
also found on the bodv of various 
small crustaceans livin"g at the top 
of the algae (Figure I). The algae 
live on rocky suhstrates, and the 
fronds are close to the surface of 
water. The cercariae, after emerg
ing from the molluscs and coming 
in contact with an alga, actively 
creep upward and finally encyst 
near the tops of the algal branches. 
• The snails shed cercariae in an 
unusual seasonal pattern (Figure 
2a); whereas the cercariae of most 
trematode species show peak emer
gence during the warm season, 
peak emission of A. massiliensis 
cercariae takes place in autumn 
and winter. 
• Breeding female yellow-legged 
gulls have significantly higher 
prevalence and intensity of infec
tion wlth this parasite than 
non breeding females and males 
(figure 2b). Of 26 males exam
ined, 3 harbored a total of 4 para
sites, and of 20 non breeding fe
males examined, 2 harbored a total 
of 5 parasites; by contrast, of 10 
breeding females examined, 9 har
bored a total of 72 parasites. 
• Nestling yellow-legged gulls, bred 
from the egg in the laboratory, die 
within a week when fed exclusively 
fresh fish. Nestlings fed exclusively 
fresh fish are aggressive, vocalize 
constantly, and exhibit tetanus of 
nuchal (neck) muscles. These symp
toms, SImilar to those of beri-beri, 
are indicators of a disease caused by 
a vitamin BI deficiency (B I avitami
nosis). We found that feeding the 
nestlings any polyvitaminic formub 
from a drugstore (e.g., Roche Hydro
sol Polyvitaminc) not only allO\vs 
them to complete their growtb, but 
also saves individuals that are ncar 
death. Cystoseira, which is rich in 
vitamin BI, also effectively supple
mented a fish diet and promoted sur
vival of young gulls. 
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Figure 2. (a) Seasona l va ria tion o f the 
preva lence o f sna ils emitring cerca riae of 
Aporchis massiliensis. Emergence peaks 
in aurumn and winter, rather than in 
spring and summer, which is more ty pi
ca l of most trematodes. (adapted from 
Prevot 1971 J, (h ) Disrributio n of the 
rremarode Aporchis massiliensis in yel
low-legged gulls. White b;l(s indica te 
number of individuals examined; striped 
bars ind icate perccnrage of ind ividua ls 
(hat were iniecred, shaded ba rs ind icate 
mean inrcnsiry of infection (i.e., mean 
number of parasites per indi vi dua l bird}. 
Breeding females arc more heavily infected 
than non breeding females or males. 
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Figure 1. Mode of rra ns m issio n of somt' 
species o f trematodes to t he ye llow
legged gu ll (adapted from Co mhes 
1995). 

The "vitamin route" 
to parasitization 

T hese o bservations can collect ively 
be expla ined by the fo llowing hy
pothesis. Breeding fema les give nest
lings the necessary supplement of 
vitamin B

I
, wh ich they obtain by 

ea ting algae, and the paras ire has 
adapted its behavior such thar dur
ing rhe winter, the meracercari ac 
use algae as a n inte rmediate host. 

Alt hough it has nor bee n rc 
ported t ha t g ulls regularly p ick off 
t he t ips of the a lgae a nd feed the m 
to the ir young, the fact that adu lt 
gulls a re paras itized b y A. 
massiliensis suggests th at the tips 
of the aJgae ma ke up at least part 
of their diet. M ore over, tw o o rni
tho logists who special ize in M edi 
te rranean sea gu ll s co nsider t he 
ingestion of t he algae co nsis te n t 
wi th the genera l bio logy a nd ecol
ogy of t hese birds. IThey note t hat 
Cystoseira grows frequ enrl}' just 
beneath the cl iffs where the sea 
g ull s bui ld t heir nests, and t ha t 
breedin g fema les coll ect food for 
their young only a short di stance 
from the nests. Males a nd no n· 

'J. C. Thi ba ulr a lld P. Be:l ubruli . 1996, Pf'r
sona l ~·(J mmtJnicafi()n. Pare Narun·1 Regioncl 
du Corse, BP 417, and E(ole Pr.1tique des 
Haute Etudes, Montpe llie r, France. 

b reed ing fema les fo rage fa rch er 
away . th us ex pla in ing t heir lower 
incidence of in fec t ion (f igure 1). 
Fish, which are a lso a significa nc 
pa rt of the diet of you ng yellow
legged gu ll s, co ntai n antithi amine 
factors , including a thiam inase 
(Abe et a!. 1987) tha t cou ld de 
stroy muc h o f the vitamin BI in 
a lgae that is fed to t he gull s a t t he 
sa me t ime. Howe ver, t here is so 
mu ch vitamin BI in the algae t hat 
the effec ts of the fish th iaminase 
are most lik ely negligible. 

From these o hservat ions, we con
clude that A. massiliensis takes ad 
vantage of rhe feeding stra tegy of its 
hos t: It encysts o n the extremities of 
the Cysfoseira fro nds , thereby in
creasi ng cons idera bl y the probabi l
ity tha t it will be consumed bv its 
definit ive host. Also,A. massili;nsis 
colonizes [he algae during winter
ma king them highly infective during 
the breed ing season o f gull s (ap 
proximately Apri l). If our hypoth
esis is correct, rhen the higher preva
lence and intensity of infection with A. 
massiliellsis in breeding females is eas
ily explained beca use they contr ibute 
to brood care more than males. 

T he paras ite A. massiliensis thus 
employs a un iq ue se t of adapta
t ions th at ensu res t he in fecti on of 
adults gulls, one dependent on nest
li ng gull s' need for vitam in BI. 
Thes e adapr at ions con fer an enOf
mous selective advantage to the 
pa ras ite beca use its surviva l de
pends str ictly on t he host encoun
ce r ing infectiv e s tages (Combes 
1995 ). T he adaptations also ex
pla in why indi vidual pa ras ites are 
distribu ted in a n aggregative fash 
ion with in the host population: 
di fferent beha vi o rs (mal es versu s 
females, bre edin g versus non 
hreeding) nes rl ings versus ad ul ts) 
expose the indi v idua l defin it ive 
hosts to d iffe rent levels of con 
tam ination. If A. massiliensis re
duces the fitness of its bird hosts 
which may w el l he the case, hoth 
because th e intensi ti es of infecti on 
ca n be h igh and because a different 
kind of para s itic hel mi nth has been 
shown to di srup t ene rgy fl o w in 
b irds (Co n nor s a nd Nicko ls 
1991 )-then forag ing o n algae fO 

provide t he nes tli ngs w ith vi ta
mins may place a sig ni ficant cost 
o n b reeding female s . 
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