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ABSTRACT:
Toxoplasma gondii is one of the
most common protozoan parasites of humans
and warm-blooded animals. Members of the
family Felidae are the only definitive hosts of
this parasite and, thus, important in the
epidemiology of the disease. Previous studies
on Pacific islands have found T. gondii
infections in a number of avian species where
domestic cats (Felis catus) have been introduced. Little is known about T. gondii in the
Galapagos Islands, although introduced domestic cats in the archipelago are known to be T.
gondii antibody-positive. In this study, we
quantified prevalence of antibody to T. gondii
in two threatened avian marine species, Galapagos Penguins (Spheniscus mendiculus) and
Flightless Cormorants (Phalacrocorax harrisi),
and tested the hypothesis that this parasite is
more prevalent on Isabela Island (with cats)
than on Fernandina Island (without cats).
Overall, antibody prevalence was 2.3% in both
Galapagos Penguins and Flightless Cormorants
from samples collected during 2003–2005, and
in 2008. In Galapagos Penguins (n5298), a
significantly higher antibody prevalence was
found in penguins on Fernandina Island (free
of cats) than on Isabela Island (with cats;
Fisher’s exact test; P50.02). In Flightless
Cormorants (n5258), there was a higher
antibody prevalence in cormorants living on
Isabela than on Fernandina, although this
difference was not statistically significant (Fisher’s; P50.19). This study is the first to show
exposure to T. gondii in endemic avian species
in the Galapagos Islands, providing evidence
for disease-related risks associated with the
feral cat population in the archipelago. We
provide possible explanations for these findings
and recommendations for future studies towards a better understanding of the epidemiology of T. gondii in the Galapagos Islands.
Key words: Antibody prevalence, feral
cats, Flightless Cormorant, Galapagos Penguin, Phalacrocorax harrisi, Spheniscus mendiculus, Toxoplasma gondii.

Galapagos Penguins (Spheniscus mendiculus) and Flightless Cormorants (Phalacrocorax harrisi) are endemic bird
species of Galapagos. Both species have
limited geographic distributions and are
considered endangered on the IUCN red
list (http://www.redlist.org) due to their
small ranges and major fluctuations in
adult population sizes. The current population estimates for Galapagos Penguins
and Flightless Cormorants are 1,500 and
1,600, respectively (Jiménez-Uzcátegui
and Vargas, 2008). Recent studies have
identified a number of pathogens of
potential conservation concern for these
populations, although the general health
status of both species was rated good in
2006 (Travis et al., 2006a, b; Merkel et al.,
2007; Levin et al., 2009).
Ninety-five percent of Galapagos Penguins, and all Flightless Cormorants, are
found on Fernandina and Isabela Islands.
The remaining 5% of the Galapagos
Penguin population resides in small
groups on Floreana, Santiago, and Bartolomé Islands. Fernandina is one of the
most pristine islands in the world and has
no cats (Felis catus), whereas Isabela has a
long history of human presence with the
resulting introduction of cats and other
vertebrate species. The negative impact of
invasive vertebrates in Galapagos has long
been appreciated and has led, for instance,
to one of the most successful island goateradication programs in the world (Cruz et
al., 2009). The impact of feral cats on the
wildlife of Galapagos has been less studied. However, in one study, vertebrate
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species were detected in more than 50%
of prey items and in the biomass of cat
scats sampled (Konecny, 1987). In 2005,
cats were confirmed killing adult Galapagos Penguins on Isabela (Steinfurth and
Merlen, 2005). The current distribution of
feral cats on Isabela coincides with areas
of high concentrations of Galapagos Penguins and Flightless Cormorants (Vargas,
2006).
The grave consequences of domestic
cats as invasive species in island systems
are well accepted, although studies have
generally focused on the predatory behavior of cats (Alterio et al., 1998; Nogales et
al., 2004). Studies linking cat introductions
to diseases in island species, including
humans, are less common (Wallace et al.,
1972); however, as the only definitive
hosts of T. gondii, feral cats have been
linked to clinical T. gondii infections in a
number of island bird species (Work et al.,
2000; Dubey, 2002; Work et al., 2002).
Toxoplasma gondii is found throughout
the world and is one of the most common
protozoan parasites of humans and warmblooded animals (Dubey and Beattie,
1988). Island species are often more
severely affected following exposure to T.
gondii (Dubey and Beattie, 1988), presumably due to their naı̈veté to previous
exposure. Clinical signs associated with T.
gondii in avian species are often nonspecific and include anorexia, diarrhea, and
respiratory distress, and may result in death
(Dubey, 2002, 2008). Mortality rates can be
high in birds, as was best exemplified
during an attempt to reintroduce the ’Alala
(Corvus hawaiiensis) in Hawaii; approximately 20% of the wild population succumbed to T. gondii upon exposure at the
release site (Work et al., 2000).
In Galapagos, there are no published
studies on the epidemiology of T. gondii in
domestic or wild species, with the exception of an antibody-prevalence study in
which 63% of the domestic cats tested in
Puerto Villamil, Isabela Island had demonstrable antibodies to T. gondii (Levy
et al., 2008). Additionally, there is one

report in Galapagos of a domestic chicken
infected with T. gondii (Gottdenker et al.,
2005). Based on these data, along with the
wide feral cat distribution in the archipelago, we hypothesized that T. gondii
exposure, resulting from direct and indirect contact with cats living near penguin
and cormorant colonies, poses a disease
threat to the conservation of Galapagos
Penguins and Flightless Cormorants.
Recent findings of other parasites in
both Flightless Cormorants and Galapagos
Penguins (e.g., microfilariae), and in
Galapagos Penguins (e.g., Plasmodium
sp.), suggest these populations are exposed
to parasitic agents that may have fitness
costs and may cause direct mortality
(Merkel et al., 2007; Levin et al., 2009).
Therefore, the objectives of this study
were to determine the prevalence of
antibodies to T. gondii in Galapagos
Penguins and Flightless Cormorants and
to test the hypothesis that prevalence is
significantly higher on Isabela, an island
with feral cats, than on Fernandina, an
island free of cats.
Galapagos Penguin and Flightless Cormorant colonies were visited in 2003–2005
and in 2008. Colonies were studied on the
coasts of Isabela (0u259300S, 91u79170W)
and Fernandina (0u22900S, 91u319200W;
Fig. 1). Blood samples, collected in
2003–2005 from Flightless Cormorants
(n5258), and in 2003–2005 plus 2008
from Galapagos Penguins (n5298), were
stored at 280 C until tested in January
2009. Capture methods and blood processing have been described (Travis et al.,
2006a, b). Briefly, both species are relatively sedentary on land and allow net- or
hand-catches after initial approach in a
small dinghy or when walking on land.
General physical condition, as well as age
and sex based on morphologic characteristics, were recorded as previously described (Snow, 1966; Boersma, 1977).
Blood was collected by jugular venipuncture using a 20- or 22-gauge needle and a
12-ml syringe for penguins and a 20- or
22-gauge needle and 6-ml syringe for
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FIGURE 1. Map of the Galapagos Islands, Ecuador with number of Toxoplasma gondii antibodypositive Galapagos Penguins (upper) and Flightless
Cormorants (lower) over individuals tested on
Fernandina and Isabela Islands. Islands with human
and feral cat populations are indicated in grey.

cormorants. Blood samples collected in
serum separator tubes (Vacutainer PST
gel, Becton Dickinson, Franklin Lakes,
New Jersey, USA) were kept cool for 1–
4 hr, centrifuged (Mobilespin, Vulcan
Technologies, Grandview, Missouri, USA)
for 20 min, and placed in cryogenic vials.
Sera were stored in liquid nitrogen in the
field, in a 280 C freezer, until transported to the USA. Samples were kept in a
280 C freezer at the Saint Louis Zoo for
6 mo–6 yr, until sent to the Colorado
State University laboratory on dry ice.
The modified agglutination test (MAT)
was performed using whole T. gondii
tachyzoites of the RH strain fixed in
formalin and mercaptoethanol, as described (Dubey and Desmonts, 1987).
Positive and negative avian control sera
were included in each run of the MAT. A
titer $1:50 was considered positive.
Data were recorded for species, age,
and sex (if known), year, antibody titer,
and island. Fisher’s exact tests (Petrie and
Watson, 2006) were performed to compare antibody prevalences in penguins and
cormorants between an island with cats
(Isabela) and an island without cats
(Fernandina).
Seven of the 298 Galapagos Penguins
and six of 258 Flightless Cormorants

1007

(2.3%) were antibody-positive to T. gondii.
All of the antibody-positive penguins and
cormorants were clinically healthy at the
time of sampling. Positive birds were from
colonies along the coasts of both Isabela
and Fernandina Islands. Three of 247
(1.2%) of the Isabela penguins and 8%
(4/51) of the Fernandina penguins were
antibody-positive. Titers in penguins
ranged from 1:50 to 1:512, with Isabela
penguins having titers of 1:50 (n51) and
1:512 (n52) and Fernandina penguins
having titers of 1:50 (n53) and 1:128
(n51). In the cormorants, 4% (4/93) of the
Isabela birds and 1.2% (2/165) of the
Fernandina birds were antibody-positive.
Titers differed in each of these six
cormorants and ranged from 1:128 to
1:4,096, with Isabela cormorants having
titers of 1:128, 1:1,024, 1:2,048, and
1:4,096 and Fernandina cormorants having titers of 1:512 and 1:1,024. Penguins
on Isabela (with cats) were significantly
less likely to have detectable antibody than
those on Fernandina (without cats; Fisher’s exact test; P50.02). Cormorants on
Fernandina (without cats) were less likely
to be antibody-positive than those on
Isabela, although the difference was not
statistically significant (Fisher’s exact test;
P50.19). Since neither species travels
outside the archipelago, these data support that T. gondii exposure occurred in
the Galapagos Islands.
Our original hypothesis, that higher
antibody prevalence would be detected
in both species on Isabela than in those on
Fernandina, was not supported by the
data. Explanations for this observation
may include: 1) movement patterns of
penguins and cormorants in Galapagos; 2)
we were incorrect in our original assumption that no cats are present on Fernandina; 3) oocysts from cats on Isabela are
dispersed by ocean currents across the
canal between the islands; 4) the route of
exposure to these marine bird species is
not dependent on the definitive hosts
(cats) but, rather, may be from another
source (e.g., intermediate hosts); or 5) the
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MAT resulted in false positives in some of
the birds.
Previous studies based on genetic assessments have shown that penguins move
throughout the archipelago and that the
species should be regarded as one panmictic population (Nims et al., 2008). This
could help explain the significant difference in antibody prevalence, with more
penguins on Fernandina being positive
although cats are not present on this
island, as these penguins may have been
exposed on Isabela. Conversely, the
Flightless Cormorants do not move between islands and have low movement
between colonies (Duffie et al., 2009),
consistent with the higher (though nonsignificant) prevalence of exposure in
cormorants on Isabela, where cats are
present. However, the finding that two of
165 cormorants on Fernandina had antibody, even though this species does not
move between islands, suggests that explanations 2, 3, 4, and 5 must also be
considered.
The second possibility (cats are present
on Fernandina) is unlikely, as cats have
never been reported there by visiting park
guards, scientists, or tourists. An islandwide ecologic inventory conducted in late
2009 provided further evidence that cats
are not likely to be present on this island
(G. Merlen, pers. comm.).
The third possible explanation, concerning movement of oocysts from cats on
Isabela to Fernandina Island, is supported
by previous studies. Toxoplasma gondii
oocysts can move through freshwater
drainages into marine systems, where they
can accumulate in marine invertebrates
that may serve as vectors if consumed by
vertebrate predators (Miller et al., 2002;
Arkush et al., 2003; Miller et al., 2008).
Additionally, because T. gondii oocysts can
sporulate and survive in seawater for
months, they would remain infectious
during dispersal in the water between
Isabela and Fernandina (Lindsay et al.,
2003; Shapiro et al., 2009). Galapagos
Penguins and Flightless Cormorants may

be exposed to T. gondii oocysts suspended
in water or in invertebrate prey.
The fourth possibility of exposure not
related to cat presence is supported by
recent studies in the Arctic in which a high
T. gondii antibody prevalence, in Arctic
species on islands free of felid species, has
been documented (Prestrud et al., 2007).
Those authors suggested that migratory
birds from Europe carry the parasite to
the Arctic (Prestud et al., 2007). In
Galapagos, few migrant species arrive in
sites where penguins are encountered
(e.g., southern Isabela; Harris, 1974).
However, this mode of transmission is
unlikely, as the Galapagos Islands are not
located on a major flyway, few migrants
visit western Isabela and eastern Fernandina where the majority of penguins and
cormorants occur, and their dietary preference for small fish, and small fish and
crustaceans, respectively, would suggest
that this is not a mode of exposure for
these two marine bird species.
Lastly, we cannot rule out false positives
on the MAT, as this test has not been
validated in Galapagos Penguins and
Flightless Cormorants, and there could
be a possible inaccuracy or cross-reacting
substances in these avian hosts (Greiner
and Gardner, 2000). This explanation is
unlikely because the MAT has been used
in a number of avian species, and the titers
we used in this study are in accordance
with accepted standards (Dubey and
Desmonts, 1987; Dubey et al., 2000;
Dubey, 2002).
Pathogens and parasites have become
an increasingly recognized threat to the
conservation of endemic birds in Galapagos (Wikelski et al., 2004; Parker et al.,
2006; Deem et al., 2008) at a time of
unprecedented growth rates in tourism
throughout the archipelago and in the
human population living on the inhabited
islands (González et al., 2008). The
introduction of invasive invertebrates,
vertebrates, and pathogens are listed as
top threats to the conservation of endemic
species (Causton, 2007; Jimenez-Uzcate-
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gui et al., 2007; Deem et al., 2008;
Bataille et al., 2009). An example of this
threat is the recent discovery, and probable recent arrival, of Plasmodium spp. in
the Galapagos Penguin population (Levin
et al., 2009). This finding, along with the
new evidence of exposure to T. gondii,
may be additive with other previously
documented threats, including El Nino
events and oil spills, all of which challenge
the long-term survival of this species
(Vargas et al., 2006).
In addition to the threats associated
with the disease agents identified in these
two marine species in Galapagos, penguins may act as marine sentinels, thereby
providing valuable data on the health of
the marine ecosystem (Boersma, 2008).
Thus, the finding of T. gondii in this
species in Galapagos provides evidence of
pathogen pollution (Cunningham et al.,
2003) in the archipelago and may serve as
a warning of marine environmental degradation within the archipelago.
In conclusion, this is the first study to
show exposure to T. gondii in endemic
avian species in Galapagos. Toxoplasma
gondii may be pathogenic in Galapagos
Penguins and Flightless Cormorants, due
to their naı̈ve status and lack of diverse
natural immunity (Bollmer et al., 2007),
and is most likely a recent introduction
from feral cats living in the archipelago.
However, to better understand the epidemiology of this pathogen in the Galapagos,
we recommend that future studies include
the determination of: 1) T. gondii prevalence in feral cats; 2) whether oceanic
transport of oocysts occurs; 3) other
potential sources of T. gondii; 4) the
validity of the MAT T. gondii serologic
assay for use in Galapagos Penguins,
Flightless Cormorants, and other endemic
Galapagos bird species; and 5) the possible fitness costs to Galapagos Penguins
and Flightless Cormorants. Pending the
results from further studies, this study
provides evidence that, in addition to
their predatory behavior, the feral cat
population in the archipelago puts Gala-
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pago’s species at risk of infection with T.
gondii.
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no volador 2008. Informe técnico para la
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MILSTEAD. 2007. Estado de los vertebrados
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