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lesions were localized, acute in nature, with only small tissue cysts
present. In animals fed oocysts, initial lesions occur in the intestines
and mesenteric lymph nodes, and some hosts can die before infection
is established in the brain (Dubey and Beattie, 1988). Neural lesions
are formed 2–3 wk after infection and initially consist of small areas
of focal necrosis. With the passage of time, glial nodules are formed
and tachyzoites begin to disappear from neural lesions.

The diagnosis of toxoplasmosis was confirmed in this animal im-
munohistochemically, by detection of antibodies, and DNA specific for
T. gondii. The genotype of the isolate was found to be type III. All 48
isolates of T. gondii from sea otters genotyped thus far were either type
II or a new genotype (Cole et al., 2000; Miller et al., 2004). The present
case is the first indication of the presence of type III genotype in a
marine mammal. It is also the first amplification of T. gondii DNA
directly from the marine host. Previous data have been based on T.
gondii isolates obtained by bioassay in cell culture or laboratory ani-
mals.

We thank Sean Hahn for his technical assistance.
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ABSTRACT: Batillaria minima is a common snail in the coastal estuaries
of Puerto Rico. This snail is host to a variety of trematodes, the most
common being Cercaria caribbea XXXI, a microphallid species that
uses crabs as second intermediate hosts. The prevalence of infection
was higher (7.1%) near mangroves than on mudflats away from man-
groves (1.4%). Similarly, there was a significant positive association
between the proportion of a site covered with mangroves and the prev-
alence of the microphallid. The association between mangroves and
higher trematode prevalence is most likely because birds use mangroves
as perch sites and this results in local transmission to snails.

A visit to the Center for Disease Control website on travelers’ health
underscores how parasite transmission can vary greatly from place to
place, depending on environmental factors and the distribution of in-
fective stages. In the present study, we investigated whether habitat

(mangrove vs. mudflat) affected the prevalence of trematodes in snails.
Transmission of trematodes to snails should be highest in habitats that
support many final hosts (Hoff, 1941; Cort et al., 1960; Robson and
Williams, 1970; Sousa and Grosholz, 1991; Sapp and Esch, 1994;
Smith, 2001; Kube et al., 2002; Skirnisson et al., 2004). For example,
infections in some snail species are more prevalent near the littoral zone
where final hosts are more abundant (Sapp and Esch, 1994; Esch et al.,
1997). Recently, Skirnisson et al. (2004) related spatial heterogeneity
in the prevalence of larval trematodes infecting Hydrobia ventrosa to
both biotic and abiotic variables; they assumed that these factors influ-
enced attractiveness of the habitats for definitive hosts, which ultimately
produced the observed spatial heterogeneity in infections in first inter-
mediate hosts. Smith (2001) found that bird droppings were highest near
dead mangroves, where birds perched, compared to mudflats. In Cali-
fornia, however, direct associations occur between birds and trematodes
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FIGURE 1. Association between trematode prevalence in the snail
Batillaria minima (vertical axis) and mangrove cover (horizontal axis)
in 2 Puerto Rican estuaries (R2 5 0.48, P 5 0.003).

in free-ranging Cerithidea californica snails (Hechinger and Lafferty,
2005). In turn, these perch areas had higher transmission of trematodes
to caged Cerithidea scalariformis. However, the association between
parasitism and habitat in free-ranging snails was more ambiguous, per-
haps because movement of free-ranging snails blurred existing spatial
patterns of parasite transmission between mangroves and mudflats.

The estuarine snail Batillaria minima is abundant in shallow coastal
lagoons in Puerto Rico. We assessed the association between trematode
prevalence in B. minima and the amount of mangrove habitat at a site.
We expected that the habitat for birds provided by mangroves would
lead to higher transmission of trematodes and this, in turn, would result
in a higher prevalence of trematodes in snails collected near mangroves.
The results were consistent with the prediction that snails from man-
grove habitats had a higher prevalence of trematodes.

We sampled trematodes from snails at 2 estuaries (Las Salinas and
Cabo Rojo) on the southern shore of the island of Puerto Rico. Collec-
tion took place during 22 and 23 February 2004 at Laguna de Las
Salinas and Laguna de Cabo Rojo, respectively. Laguna de Cabo Rojo
is located 55 km west of Laguna de Las Salinas and both lagoons have
similar hydrogeological characteristics. The dominant plant around the
stations at both lagoons was the red mangrove (Rhizophora mangle).
The more halophilic white and black mangroves (Laguncularia race-
mosa and Avicenia germinans) were present, but less abundant. The
button mangrove (Conocarpus erectus) and the ‘‘tachuelo’’ shrub (Pic-
tetia aculeata) occured at Laguna de Las Salinas. Birds were nearly
absent during our visit (primarily due to the season) and we were not
able to directly establish associations between bird abundance and trem-
atode abundance.

Seven sites were chosen for sampling at Las Salinas. All were at least
50 m apart. Two of the estuary sites were adjacent to large stands of
mangroves. The rest were on exposed ‘‘flats’’ in the estuary (nearby
mangroves were either sparsely distributed or only present as a narrow
fringe bordering the lagoon). Nine sites were chosen at Cabo Rojo (a
more pristine area). Again, all were at least 50 m apart. Two sites were
adjacent to large natural stands of mangroves. One site was located at
a mangrove nursery that had many PVC stakes and young mangroves.
The remaining 6 sites were mudflats.

Site descriptions were further refined by characterizing the amount
of vegetation from Ikonos satellite photos of the 2 estuaries (taken in
2001). We used Arc GIS to establish 25-m radius buffers around the
center of each sampling station, and then digitized the vegetation within
those zones. Based on field observations, the vast majority of the veg-
etation was mangrove with minor portions consisting of shrubs and
other small trees. Two sites at Cabo Rojo had changed substantially
since the 2001 image. At one, many of the mangroves had died. At the
other (nearby), a mangrove restoration project was underway. We re-
classified the vegetation at these sites based on direct visual estimates.

In general, 100 Batillaria minima snails were collected within 10 m
of the center of each site. We intentionally targeted larger snails (.12
mm) as estuarine snails are more likely to be exposed to parasites (Ku-
ris, 1990). Snails were transported to the lab in nylon mesh bags and
kept moist, until processing, with a daily short emersion in fresh sea-
water.

Each snail was measured by digital caliper to the nearest tenth of a
mm. The shell of the snail was then cracked with a hammer, exposing
the snail body. This was examined under a dissecting microscope for
trematodes and the presence of gonad tissue. Infections were apparent
as cercariae swimming in the dish and/or as sporocyst and redial stages
in the visceral mass (typically, intramolluscan stages occurred where
gonad tissue would normally be, adjacent to the digestive gland in the
posterior shell spire). Trematodes were examined using a compound
microscope and identified according to Cable (1956).

The data were analyzed to address what factors explained significant
amounts of variation in parasitism among sites. Parasitism, the depen-
dent variable, was expressed as a nominal variable (infected or unin-
fected) and analyzed with a logistic general linear model using JMP
5.0.1 software (by SAS, Cary, North Carolina). The following indepen-
dent variables were used in the model to determine whether any had
an independent association with parasitism: estuary (Las Salinas or
Cabo Rojo), habitat (flat vs mangrove), and snail size. The complete
model was run initially and inspected for significant effects and inter-
actions among the independent variables.

After analyzing the data, it became apparent that vegetation was an

important factor affecting parasites. We then used the percent cover of
mangroves in the 25-m radius around the collection site as a continuous
variable to replace the categorical habitat variable previously used. In
addition to a logistic model using individual snails as replicates, we
conducted a simple linear correlation analysis using sites as replicates.

From Las Salinas, 700 B. minima were dissected for parasites and
3.2% were infected. The average size of the snails was 14.4 6 1.4 mm
(6SD) and 45% of the uninfected snails showed evidence of gonad
development. From Cabo Rojo, 815 B. minima were dissected for par-
asites and 3.7% were infected. The average size of the snails was 14.1
61.1 mm and 52% of the uninfected snails showed evidence of gonad
development.

Three species of trematodes were found in B. minima. Only 1 species
of trematode was found in each infected snail. The most common (96%
of infected snails) was Cercaria caribbea XXXI Cable (1956) (a mi-
crophallid species that we experimentally determined uses crabs as sec-
ond intermediate hosts (R. Hechinger, unpubl. obs.), and probably uses
birds as final hosts). A xiphidiocercaria described by Cable (1956) as
Cercaria caribbea XXXIII (probably a renicolid species that uses mol-
lusks or polychaetes as second intermediate host and birds as final hosts)
was found from a single snail (Cercaria caribbea XXXIII was more
common on the outer shore of the estuary; data not shown). A third
cercaria, an undescribed oculoleptocercogymnocephalus distome cer-
caria, was found in a single snail from Cabo Rojo. The taxonomic
affinities of this species are unknown, but it may use fish as final hosts.

The statistical analysis of infections in B. minima showed no signif-
icant interactions among independent variables. Estuary was not signif-
icantly associated with parasitism and was dropped from the final mod-
el. In the final model, snail size (1 df, Chi square 5 8.5, P 5 0.0035)
and habitat type (1 df, Chi square 5 24.2, P # 0.0001) were signifi-
cantly associated with parasitism. Snails accumulate infections over
time and, therefore, larger snails were more likely to be infected than
were small snails. Snails from sites near mangroves had a higher prev-
alence of infection (7.1%) than did snails from mudflats (1.4%).

Using percent vegetation as a variable in place of habitat gave similar
results. Estuary was not significant (df 1, Chi square 5 0.55, P 5 0.46),
and vegetation was positively associated with parasitism (df 1, Chi
square 5 23.13, P , 0.0001). There was no significant interaction be-
tween estuary and percent vegetation, indicating that the relationship
between vegetation and parasitism was the same in each estuary. The
latter analysis uses snails as replicates but the most appropriate unit of
replication is arguably the site. For this reason, we also addressed the
association between vegetation and parasitism by correlating the prev-
alence of parasitism at a site against the percent vegetation at a site. A
positive association resulted (Fig. 1, 16 sites, R2 5 0.48, P 5 0.003).

The distribution of trematodes in snails at 2 Puerto Rican estuaries
is associated with the distribution of mangroves. This result has a logical
interpretation. The most common invertebrate (other than snails) visible
on these flats is the fiddler crab Uca rapax rapax. Second intermediate
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hosts, such as fiddler crabs, are infected by trematode stages that swim
from snails. Birds become infected with trematode adults when they
forage on prey, like fiddler crabs, that are infected with trematode meta-
cercariae. After the trematodes mature in the birds, they pass their eggs
with the birds’ excreta and these eggs may then infect nearby snails.
The distribution of birds’ feces and, therefore, infections to snails, is
probably higher in roosting areas such as mangroves. The highest prev-
alence of trematodes occurred at the mangrove nursery site, suggesting
that this area provided roosting or foraging habitats for birds. This is
consistent with the study by Smith (2001), which found direct associ-
ations between bird abundance at dead mangrove perches and trematode
prevalence in caged snails. However, Smith (2001) found no such as-
sociation between birds and parasitism in free-ranging snails. In con-
trast, we found that snail movement did not fully obscure associations
between habitat and parasitism. This could occur if B. minima moves
less or lives shorter than C. scalariformis or could be a result of larger
distances between sampling sites (our sites were .50 m apart while
Smith’s were .10 m apart).

L. Mababa assisted with logistics and sampling. This manuscript has
also benefited from support received from the National Science Foun-
dation through the NIH/NSF Ecology of Infectious Disease Program
(DEB-0224565), and a grant from the U.S. Environmental Protection
Agency’s Science to Achieve Results (STAR) Estuarine and Great
Lakes (EaGLe) program through funding to the Pacific Estuarine Eco-
system Indicator Research (PEEIR) Consortium, U.S. EPA Agreement
#R-882867601. However, it has not been subjected to any EPA review
and therefore does not necessarily reflect the views of the Agency, and
no official endorsement should be inferred.
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ABSTRACT: High pressure processing (HPP) has been shown to be an
effective non-thermal method of eliminating non-spore forming bacteria
from a variety of food products. The shelf-life of the products is ex-
tended and the sensory features of the food are not or only minimally
effected by HPP. The present study examined the effects of HPP using
a commercial scale unit on the viability of Toxoplasma gondii oocysts.
Oocysts were exposed from 100 to 550 MPa for 1 min in the HPP unit
and then HPP treated oocysts were orally fed to groups of mice. Oocysts
treated with 550 MPa or less did not develop structural alterations when
viewed with light microscopy. Oocysts treated with 550 MPa, 480 MPa,
400 Mpa, or 340 MPa were rendered noninfectious for mice. Mice fed
oocysts treated with no or 100 to 270 MPa became infected and most
developed acute toxoplasmosis and were killed or died 7 to 10 days
after infection. These results suggest that HPP technology may be useful
in the removal of T. gondii oocysts from food products.

Toxoplasma gondii is an important parasite of humans and other

warm-blooded animals. There are about 1,500,000 cases of toxoplas-
mosis in the United States each yr and about 15% of those infected
have clinical signs (Mead et al., 1999; Jones, Kruszon-Moran et al.,
2001). Congenital toxoplasmosis has long been recognized because of
the devastating results it can have on the infected fetus (Jones, Lopez,
et al., 2001). Toxoplasmosis is also a frequent and fatal complication
in patients with AIDS or those that receive organ transplantation (Soave,
2001). The annual economic impact of toxoplasmosis in the human
population in the United States is about $7.7 billion (Buzby and Rob-
erts, 1996). It is not yet possible to determine if tissue cysts in meat or
oocysts from cats are the main source of human infection in the United
States.

High pressure processing (HPP) has been shown to be an effective
non-thermal means of eliminating non-spore forming bacteria from a
variety of food products (see Tewari et al., 1999). The shelf-life of the
products is extended and the sensory features of the food are not or
only minimally effected by HPP. Other advantages of HPP over tradi-
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