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ABSTRACT: From 12 May 2013 to 29 May
2013, the Gull-billed Tern (Gelochelidon
nilotica) colony at the San Diego Bay National
Wildlife Refuge, California, experienced a
mass die-off of at least 92 adults, representing
71–92% of the breeding population on the US
west coast. Cause of death was determined to
be peritonitis due to perforations of the
intestine by a large quantity of acanthocephala
(Profilicolis [¼Polymorphus] altmani). This is
a unique report of P. altmani infecting G.
nilotica, and a report of a great impact to a
tern population in southern California. Mole
crabs (Emerita analoga), the intermediate
host for P. altmani and a major component
of the Gull-billed Tern diet in San Diego,
were found in the stomachs of necropsied
terns along with cystacanths, and are the
presumed source of the parasite infection.
The tern’s dietary reliance upon mole crabs
likely amplified parasite transmission and
infection. We suggest additional research to
determine factors that influence parasite
infection of intermediate and definitive hosts,
particularly mole crabs, given that they are a
vital resource for migrating birds within the
coastal zone.
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The western Gull-billed Tern (Gelochelidon
nilotica vanrossemi) is a medium-sized migra-
tory seabird considered a species of concern
by federal and California state agencies

(Molina et al. 2014). This tern has a restricted
range extending from Southern California
south along the Pacific coasts of Baja Cal-
ifornia and continental Mexico. The breeding
population is estimated to be 800–1,050
breeding pairs in 9–12 small colonies (Molina
et al. 2014). Nesting was first confirmed in
1987 at the San Diego Bay National Wildlife
Refuge (SDBNWR) with three breeding pairs
in 1987 (Unitt 2004) and continued to
increase to 65 breeding pairs in 2013.

In May 2013, the SDBNWR colony expe-
rienced a severe mortality event that resulted
in the death of 71–92% of the San Diego
breeding population. At the time of mortality,
the breeding population was 130 terns with up
to 20 additional terns present but not
breeding. From 12 May to 29 May, we
recovered 92 adult Gull-billed Tern carcasses
from the breeding colony and other areas of
SDBNWR, along beaches of the Tijuana
Estuary, in Nestor, and in Chula Vista (Fig.
1). The shoreline of San Diego Bay and
nearby beaches were searched on foot.
Federal, state, and local officials were advised
of the mortality and were asked to document
observations of ill or deceased birds within
San Diego County. We contacted researchers
at other breeding colony locations to discover
the breadth of the mortality, but only the
SDBNWR Gull-billed Terns appeared to be
affected.

All tern carcasses were recovered within 7
km of the breeding colony (Fig. 1). Only one
brood survived the mortality event with both
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parents surviving and attending chicks. All
remaining nests in the colony were subse-
quently abandoned (Fig. 2). Censuses con-
ducted after the mortality indicated that 12
individuals likely survived the mortality event.
None of the survivors were examined for
infection after the mortality due to the
difficulty of capture for this species. No
mortality events of similar impact have been
previously reported in Southern California.

As cause of death was not immediately
apparent, four carcasses were sent to the US
Geological Survey’s National Wildlife Health
Center (NWHC) in Madison, Wisconsin, for
necropsy and testing (NWHC Case 24394-1-
4). Three of the terns were necropsied while
one was retained as a reference specimen.
Results indicated that cause of death was

peritonitis due to intestinal perforations by
many acanthocephalans identified as (Profili-
collis [¼Polymorphus] altmani) with the use of
morphological keys (Perry 1942; Amin 2013).
Acanthocephalan proboscises and cystacanth
stages were visible on the serosa of the
intestine and in the intestinal mesenteries.
Adhesions were noted between loops of the
intestine, and multifocal, marked, necrotizing,
and granulomatous enteritis was seen on
histopatholology. In some foci, there were
parasitic granulomas in the intestinal muscu-
laris which extended through the serosal
surface.

Two of the acanthocephalan infected terns
had gastric nematodes (Schistorophus sp.),
and one had renal trematodes (Renicola sp.),
but infections were minimal and did not

FIGURE 1. Maps depicting the location of the Gull-billed Tern (Gelochelidon nilotica) breeding colony and
locations of the 2013 mortality in San Diego Bay, California. (A) Map provides information on carcass detection
throughout south San Diego County, San Diego, California. All carcasses were discovered within 7 km of the
breeding colony. (B) A close-up view of the Gull-billed Tern breeding colony and locations of carcasses within
San Diego, California.
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appear to have caused significant pathology.
Routine bacterial culture, isolation, and iden-
tification were performed on lung and liver as
described in Blehert et al. (2014). Attempts at
viral isolation were performed as described in
Ip et al. (2013). No significant bacterial or
viral pathogens were detected in any of the
terns examined.

In addition to the carcasses sent to NWHC,
45 carcasses were examined at other facilities:
four at SeaWorld San Diego and 41 at the
California Department of Fish and Wildlife,
Marine Wildlife Veterinary Care and Re-
search Center in Santa Cruz, California
(MWVCRC). While there were additional
carcasses of both adults and chicks, necropsies
on these carcasses were limited due to poor
postmortem conditions. Pathological assess-
ments from SeaWorld and MWVCRC support
the initial results from NWHC. Results of
gross necropsy of adults sent to MWVCRC
found the terns to be in a moderate to extreme
state of emaciation. Although subcutaneous
fat was severely depleted, pectoralis muscles

were only mildly to moderately atrophied,
suggestive of a short window of depletion of
energy stores (days) rather than a prolonged
event (weeks). Stomach contents of 35 terns
contained one or two recently eaten mole crab
(Emerita analoga) remains (Fig. 3). While
digestion rate for terns is not known, the
decomposition of crab carapaces indicated
they were likely consumed within the last day
before death. The MWVCRC found one to
eight cystacanths either within mole crab
remains or free-floating in the ventriculi of
15 terns (36%).

Severe acanthocephalan infestations of the
lower intestinal tract were observed in 34 of
the 41 fully examined terns, although parasitic
infection varied among different sections of
the intestinal tract. No acanthocephalans were
found in the duodenum, colon, caeca, or
cloaca. Areas of infection in the jejunum and
ileum were classified as low (less than 40%
affected), moderate (between 40% and 60%
affected) or severe (greater than 65% of the
area affected). A majority (90%) of birds had

FIGURE 2. The chronology of Gull-billed Tern (Gelochelidon nilotica) breeding effort and mortality in South
San Diego Bay, California, in May 2013. The solid black line with diamond markers plots the number of
concurrently active nests over time (n¼65). The white area under the line indicates the number of broods present
(n¼25). The dark gray columns indicate the number of adult carcasses retrieved (n¼92). Only one chick survived
to successfully fledge and depart the breeding colony in 2013.
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moderate to severe infection in the jejunum
with an average area affected of 70% (range:
20–100%). The ileum was similarly affected
with an average affected area of 88% (range:
50–100%) and infection varied in severity
from low (3), moderate (7), or severe (19)
infection (n¼29). In the jejunum and ileum
combined, the number of parasites ranged
from 3 parasites/cm to 22 parasites/cm
(mean¼7.4, SD¼3.2). Voucher specimens of
acanthocephalans were deposited at the Sam
Noble Oklahoma Museum of Natural History
(catalog numbers OMNH-217001, OMNH-
217002, OMNH-217003).

Acanthocephalans are intestinal parasites
that have a wide geographical distribution and
can cause severe disease outbreaks and
mortality in several species (Cole 1999). In
food webs of North American Pacific Coast
sandy beaches, two acanthocephalan species,
P. altmani and Profilicollis kenti, have been
implicated in mass die-offs involving Surf
Scoters (Melanitta perspicillata; Kreuder et
al. 2003) and southern sea otters (Enhydra
lutris nereis: Mayer et al. 2003). Bird species

from the family Laridae are also documented
as definitive hosts (Latham and Poulan 2003;
Dronen et al. 2007). Profilicollis spp. have
indirect life cycles that include the Pacific
mole crab (Reish 1950; Royal et al. 2004) as an
intermediate host. Bird species that have a
crustacean component to their diet appear to
be more vulnerable to Profilicollis spp.
(Hanssen et al. 2003; Smith 2007).

Acanthocephalan eggs are spread along the
intertidal zone of sandy beaches through bird
feces, and mole crabs are infected by ingesting
the eggs. The eggs hatch, releasing the
acanthor, which penetrates tissues or moves
into the hemocoel of the crab where it
develops to the juvenile cystacanth stage.
When infected crabs are eaten by birds, the
cystacanths attach to the birds’ intestines
where they mature into dioecious adults.
After mating, the female releases eggs into
the bird’s intestinal tract, resulting in disper-
sion of the eggs into the environment via feces
(Reish 1950; Karl 1967; Schmidt 1985).

One factor that appeared to contribute to
the intensity of the parasite infection of the
Gull-billed Terns in San Diego was the
importance of mole crabs to the terns’ diet.
The Gull-billed Tern is a dietary generalist
that consumes a combination of aquatic and
terrestrial food resources (Molina et al. 2014);
however, in San Diego, mole crabs are a major
component of the terns’ diet, comprising
greater than 70% of the adult diet (Good-
enough 2014). Infected crabs have been
documented to be slower at burrowing in
the intertidal swash zone, thereby increasing
predation risk to the crabs and increasing
exposure to parasites by foraging terns (Kol-
luru et al. 2011).

Factors influencing recruitment and spatio-
temporal distributions of acanthocephalans
are not well understood, making it difficult
to predict epizootics and their effects on
wildlife (Hudson et al. 2002; Latham and
Poulin 2003). However, understanding abiotic
and biotic influences upon intermediate host
distribution and abundance may be crucial to
understanding patterns of parasite distribu-
tions (Valiela et al. 1992; Dugan et al. 1994;
Goulding and Cohen 2014). We suggest

FIGURE 3. Mole crabs (Emerita analoga) discov-
ered during necropsy in the stomach a Gull-billed
Terns (Gelochelidon nilotica) recovered during the
2013 mortality in San Diego Bay, California. Digestion
rates suggested mole crabs were consumed within 24
h before death of the bird.
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additional research to better understand
factors influencing intermediate and definitive
host vulnerability and parasite movement
within the coastal beach community.
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