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Freshwater parasites as potential barriers to seabird dispersal: Evidence
from vagrant booby specimens in western North America

Matthew J. Baumann,'* Sara V. Brant,' Selina M. Bauernfeind,' Coltin R.B. Gerhart,'*
Jessie L. Williamson,'! Andrew B. Johnson,' Garth M. Spellman,2 Samantha R. Uhrig,3
Steve West,* and Christopher C. Witt'

ABSTRACT—Inland vagrancy and overland dispersal by seabirds are rare phenomena for which the causes and consequences
are poorly understood. Studying inland occurrences of seabirds is important because continental land masses form barriers to dis-
persal of genes and parasites; thus, the permeability of land barriers influences the extent to which seabird populations evolve on
separate trajectories and co-evolve with distinct parasite faunas. The boobies (Sula spp.) are a clade of saltwater-obligate species
occurring in tropical and subtropical oceans. Booby species tend to exhibit population genetic structure among oceanic regions.
Although they rarely wander inland, the Brown Booby (Sula leucogaster) has occurred numerous times as a vagrant in interior
North America. Previous inland records from far western North America originated from Pacific populations (subspecies brew-
steri), whereas those from eastern and midwestern North America originated from Caribbean populations (subspecies leu-
cogaster). In this paper, we describe 2 new specimens of S. leucogaster, first state records for New Mexico and Colorado,
salvaged from localities nearly equidistant from Pacific and Caribbean source populations. We used mitochondrial DNA
sequences to conclusively demonstrate that both specimens originated in the Caribbean. We next examined the helminth parasite
fauna of the 2 S. leucogaster specimens and an inland-vagrant Blue-footed Booby (S. nebouxii) from New Mexico. The guts of
these boobies contained a suite of helminths, including multiple freshwater-obligate taxa. Based on our findings, we suggest that
susceptibility to freshwater parasites may cause overland dispersal to fail for boobies, or other seabirds. Thus, freshwater parasites
may contribute to explaining the relative rarity of transcontinental dispersal, maintenance of strong inter-ocean population genetic
structure, phylogenetic conservatism of specialization on salt-water habitats, and the strictly pelagic distributions of ocean-dwell-
ing species from several avian families. Received 16 September 2022. Accepted 11 August 2023.
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Parasitos de agua dulce como barreras potenciales de dispersion de aves marinas: Evidencia de especimenes de
alcatraces errantes del oeste de Norte América

RESUMEN (Spanish)—La errancia y dispersion en tierra adentro de las aves marinas son fenomenos raros cuyas causas y consecuencias se
entienden poco. Estudiar registros en tierra adentro de aves marinas es importante ya que las masas continentales forman barreras a la dispersion de
genes y parasitos; por lo tanto, la permeabilidad de las barreras terrestres influye en qué tanto las poblaciones de aves evolucionan en trayectorias dis-
tintas y co-evolucionan con faunas parasitas distintas. Los alcatraces (Sula spp.) constituyen un clado de especies obligadas de agua salada que se
encuentran en oceanos tropicales y subtropicales. Las especies de alcatraces tienden a exhibir estructura genética poblacional entre regiones oceanicas.
Aunque raramente deambula en tierra firme, el alcatraz pardo (Sula leucogaster) se ha reportado muchas veces como errante en tierra adentro de
Norteamérica. Previos reportes de tierra adentro en el lejano oeste Norteamericano se originaron de poblaciones del Pacifico (subespecies brewsteri),
mientras que los del este y el medioeste de Norteamérica se originan de poblaciones del Caribe (subespecie leucogaster). En este articulo, describimos
2 especimenes nuevos de S. leucogaster, primeros registros estatales para Nuevo México y Colorado, procedentes de localidades casi equidistantes de
poblaciones fuente de Pacifico y el Caribe. Utilizamos secuencias de ADN mitocondrial para mostrar conclusivamente que ambos especimenes se
originaron en el Caribe. Luego, examinamos la fauna de helmintos parésitos de ambos especimenes de S. leucogaster y de un alcatraz de patas azules
(8. nebouxii) que vagaba tierra adentro en Nuevo México. Los intestinos de estos alcatraces contenian una serie de helmintos, incluyendo varios taxa
obligadas de agua dulce. Con base en nuestros hallazgos, sugerimos que la susceptibilidad a los parasitos de agua dulce puede ocasionar que la
dispersion en tierra adentro no sea exitosa para los alcatraces u otras aves marinas. Por lo tanto, los parésitos de agua dulce pueden contribuir a expli-
car la relativa rareza de la dispersion transcontinental, el mantenimiento de la fuerte estructura genética inter-oceénica, la conservacion filogenética de
la especializacion en habitats de agua salada y la distribucion estrictamente pelagica de especies oceanicas pertenecientes a varias familias de aves.

Palabras clave: agua dulce, errancia, espécimen, helmintos, parasito, Sula.

At least 254 bird species from 11 families are
restricted to saltwater habitats (Howell and Zufelt
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2019). The volant seabird species are strong fliers,
characterized by high aspect-ratio wings. It is
therefore paradoxical that most widespread sea-
bird species exhibit inter-oceanic population
structure, suggesting that their dispersal is limited
by continental land barriers. High natal site fidel-
ity at the level of specific islands or archipelagoes
is an evolved trait in seabirds that may contribute
to population genetic structure and speciation
(Bried and Jouventin 2001, Friesen et al. 2007,
Taylor et al. 2018). Breeding populations of
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widespread oceanic species can be separated by
thousands of kilometers of island-less ocean, or
by land barriers, either of which can limit dis-
persal and reinforce population structure (Wooller
et al. 1992, Avise et al 2000, Steeves et al. 2003,
Morris-Pocock et al. 2010). For example, the
island-less Eastern Pacific Basin is an effective
barrier to maternally mediated gene flow in
Brown Boobies (Sula leucogaster; Steeves et al.
2003, Morris-Pocock et al. 2010), and the Isthmus
of Panama maintains genetic structure between
Pacific and Atlantic Ocean populations of several
tropical seabird species, including S. leucogaster
(Steeves et al. 2003). An outstanding question is
why highly volant seabirds exhibit such strong
philopatry, strict preference for saltwater habitats,
and aversion to overland dispersal.

Host organism distribution, evolution, and
ecology can be illuminated by study of parasite
species assemblages (Hoberg 1996, Marcogliese
and Cone 1997, Marcogliese 2004, Nakama
2018), which provide a plethora of information
about community food webs, host—parasite ecol-
ogy, migration, population dynamics, coevolu-
tion, and habitat use (Williams et al. 1992;
Balbuena and Raga 1994; Hoberg 1996; Marco-
gliese and Cone 1997; Brooks et al. 2006; Viola-
nte-Gonzalez et al. 2011; Wagner et al. 2012;
Locke et al. 2013; Galen and Witt 2014; Malcicka
et al. 2015; Sheehan et al. 2016, 2017; Clark et al.
2018; Williamson et al. 2019; Lockley et al.
2020; Hoberg and Soudachanh 2021; McNew
et al. 2021). Many parasites, particularly hel-
minths (parasitic worms), can additionally eluci-
date trophic dynamics in ecosystems due to their
complex life cycles, including dependency on
multiple hosts at different trophic levels (Marco-
gliese and Cone 1997, Lafferty et al. 2008).
Inland vagrant seabirds—or any host found out-
side of its expected range—provide an opportu-
nity to ask whether parasite communities, such as
helminths, change during vagrancy. Thus, analyz-
ing parasite communities can reveal where a
vagrant host has foraged, as well as possible neg-
ative impacts of parasite infections that are novel
to the host (e.g., Ditmer et al. 2020).

S. leucogaster is a pantropical seabird that
exhibits geographically structured populations
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and 4 subspecies that are subtly phenotypically
distinguishable: S. I plotus is found throughout
the central and southwestern Pacific and Indian
Oceans; S. [ brewsteri breeds in the eastern
Pacific Ocean (i.e., Gulf of California region); S.
[. etesiaca also breeds in eastern Pacific Ocean,
generally farther south than brewsteri on offshore
islands of Central and South America; and the
nominate subspecies, S. /. leucogaster, is found in
the Caribbean Sea, Gulf of Mexico, and east to
the Cape Verde Islands (Nelson 1978, Schreiber
and Norton 2020). MtDNA population structure
in the species follows a similar though not identi-
cal pattern to the subspecies taxonomy: 4 major
clades are found in the (1) Caribbean Sea, (2) cen-
tral Atlantic, (3) central and southwest Pacific
Ocean and Indian Ocean, and (4) eastern Pacific,
respectively (Morris-Pocock et al. 2010, 2011). In
the far southwestern United States, brewsteri is
the expected inland vagrant and has been defini-
tively documented in Arizona, California, and
Nevada (Monson 1946, McMurry 1948, Phillips
1964, Lawson 1973). Over the last 2 decades,
observations of S. [. brewsteri off the west coast
of the United States have significantly increased,
with records as far northward as Alaska (Morgan
et al. 2009, Sullivan et al. 2009, Gibson and
Withrow 2015). Over the same time period, in the
eastern and central United States, inland vagrant
records of the Caribbean form, S. I leucogaster,
have dramatically increased (Sullivan et al. 2009,
Roy 2014, Skevington et al. 2015). To date, no
S. leucogaster is known to have crossed the
continent.

Here, we took advantage of a rare opportunity
to characterize the helminth parasite assem-
blages and phylogeographic affinities
vagrant seabirds, each of which had likely been
foraging in freshwater habitats prior to its
demise in far-interior North America. We exam-
ined 2 specimens of S. leucogaster that repre-
sented first state records of the species for New
Mexico and Colorado, respectively, and 1 Blue-
footed Booby (Sula nebouxii) specimen from
New Mexico. We used mitochondrial DNA to
determine geographic provenance of the S. leu-
cogaster specimens, a method that has been
shown effective when haplotype differences are
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fixed among source populations (e.g., Baumann
et al. 2011, 2013; Johnson et al. 2011). Our
results have potential implications for dispersal,
vagrancy, and genetic population structure of bird
species restricted to saltwater habitats.

Methods
Collection and preparation of specimens

The New Mexico S. leucogaster specimen
(MSB:Bird:48800) was received by Desert
Willow Wildlife Rehabilitation Center on 18 May
2018 after it was found perched on equipment
near evaporation ponds by mining staff approxi-
mately 23 km southeast of Carlsbad. It was
severely emaciated but responded well to initial
care until it died on 1 June 2018. The specimen
was transferred to the Museum of Southwestern
Biology (MSB) at the University of New Mexico
(UNM), where it was preserved as a dried study
skin and partial skeleton, with frozen heart, mus-
cle, liver, and brain tissues.

The Colorado S. leucogaster specimen (DMNS:
Bird:45970) was first spotted in Lefthand Canyon
west of Boulder on 22 June 2016. The bird was
struck by a vehicle near Nederland, Colorado, a
few days later, and was brought to the Birds of
Prey Foundation in Broomfield, Colorado, for
rehabilitation. Entry records indicated the bird suf-
fered head trauma, was dehydrated, and emaciated.
After treatment, the bird survived for several
months in captivity and perished on 5 September
2016. The specimen was taken to the Denver
Museum of Nature and Science where it was pre-
served as a dried study skin with a spread wing
and partial skeleton and frozen heart, muscle, kid-
ney, and liver tissues.

The New Mexico S. nebouxii specimen (MSB:
Bird:40479) was found on 11 August 2013 at
Chaparral Park in Lovington. Its health gradually
declined during its stay at the park until it was
eventually taken to Desert Willow Wildlife Reha-
bilitation Center on 13 August 2013. It died on 16
August 2013. The specimen was transferred to
the MSB, where it was preserved as a dried study
skin and partial skeleton, with frozen heart, mus-
cle, and liver tissues.
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Examination and identification of parasites

We examined the body cavities, hearts, livers,
kidneys, and gastrointestinal tracts of the New
Mexico S. leucogaster and S. nebouxii specimens
for helminths, both by eye and with a dissecting
microscope. Hearts, liver, kidneys, and intestinal
veins were additionally screened by dissecting
microscope for blood flukes (family Schistoso-
matidae). The small intestine, large intestine, and
cecal contents were pooled and decanted. Hel-
minths were separated by taxon and gross mor-
phological similarity and saved in 80% ethanol.
When multiple specimens of the same putative
species were identified, several were saved in
95% ethanol and frozen for genetic work. A few
trematodes and cestodes were mounted on slides
and stained in alum potassium carmine, dehy-
drated in a series of ethanol concentrations,
cleared in clove oil, and mounted in Canada bal-
sam. The Colorado specimen of S. leucogaster
was tested for West Nile virus and examined for
gastrointestinal helminths.

We attempted to sequence a nuclear 28S DNA
barcode for the digenetic trematodes and a mito-
chondrial nadl for the Echinostomatidae trema-
todes. DNA was extracted from each putative
trematode species using the QIAamp DNA Micro
Kit (Qiagen, Valencia, CA, US). We followed
manufacturer protocols but eluted samples with
30 mL buffer to increase DNA concentration.
Extracted DNA was amplified by PCR (TaKara
Ex Taq kit, Takara Biomedicals, Otsu, Japan) and
sequenced with previously published primers 28S
nDNA region (U178, L1642 Lockyer et al. 2003),
nadl mtDNA partial region forward NDJII1
(Morgan and Blair 1998), and reverse NDJ2a
(Kostadinova et al. 2003) using the Applied Bio-
systems BigDye direct sequencing kit, version 3.1
(Applied Biosystems, Foster City, California,
USA). Samples with both forward and reverse
primers were sequenced on ABI 3130 sequencer
at the UNM Molecular Biology Core Facility.
Chromatograms were edited in Sequencher 5.0
(Gene Codes Corporation, Ann Arbor, Michigan,
USA). The length of usable sequence of 28S var-
ied from 500 to 1,200 bp and nadl from 390 to
450 bp. GenBank Accession numbers were
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assigned for 285 (0OQ211110-0Q2111130) and
nadl (0Q249636 0Q249635).

All helminths recovered from S. leucogaster and
S. nebouxii specimens, as well as host voucher
specimens and frozen tissues, were deposited in the
MSB to facilitate future research. Vouchered speci-
men records are searchable in the Arctos database
(www.arctosdb.org) online (Table 1).

Test of host provenance using mtDNA

DNA was extracted from muscle tissue sam-
pled from the New Mexico and Colorado S. leu-
cogaster specimens using the Qiagen DNeasy
Blood & Tissue Kit, following manufacturer pro-
tocol. The mtDNA gene CR2 was amplified via
PCR using 1.25 pL AmpliTaq Gold DNA Poly-
merase (Applied Biosystems), 1X PCR Buffer II,
2.5 mM MgCl,, 0.2 mM dNTP, 0.5 uM primer,
and 1.25 ng template DNA for a total reaction
volume of 25 pL.. We used primers SAMCR-H750
(5-GGGAACCAAAAGAGGAAAACC-3") and
SIMCR-L160A (5'-ATCCACATTGCACATTTAAA-3")
for the New Mexico booby specimen, and primers
SAMCR-H750 and SIMCR-L162A (5'-CATTG-
CACATTTAAATYCC-3") for the Colorado booby
specimen, as described in Morris-Pocock et al.
(2010) and Steeves et al. (2005). The reaction
annealing temperature was 61.5°C. Each sample
was sequenced in both directions using dye termi-
nator cycle sequencing on an ABI 3130 sequencer
at the UNM Molecular Biology Core Facility.

Sequences were trimmed to match the gene
fragment analyzed by Morris-Pocock et al. (2010).
A total of 118 S. leucogaster CR2 sequences from
Morris-Pocock et al. (2010) and 1 S. leu-
cogaster CR2 sequence from Skevington et al.
(2015) were downloaded from GenBank. All
sequences (121 total) were aligned using the Gene-
ious Prime default alignment. We estimated phylo-
genetic relationships using maximum likelihood in
RAXML 8.2.10 (Stamatakis 2014). We used the
GTR+GAMMA model of nucleotide substitution
and conducted a rapid bootstrap analysis with
1,000 replicates, after which we searched for the
best ML-scoring tree. We did not specify an out-
group during the analysis.
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Previous records of vagrancy and helminths
from Sula spp.

Inland records of S. leucogaster from the western
United States were compiled from the literature
(i.e., Roy 2014, Skevington et al. 2015), including
eBird records (Sullivan et al. 2009) and published
state bird records committee reports through the
year 2020. We considered “inland” to include any
record >65 km from a coastline. We also compiled
an annotated list of previously published helminth
taxa and localities from Sula species to put our
findings into context.

Results
Specimen characteristics and data

The New Mexico S. leucogaster specimen, a
female, weighed 713.7 g upon intake and 950 g at
the time of preparation. Its ovary measured 18 X
7 mm, ova were 1.5 mm in diameter, and the ovi-
duct was straight and 2.5 mm wide. It had a bursa
of Fabricius measuring 11 X 1.5 mm. The bird
had trace fat, was molting the sixth rectrix on
each side of its tail, and had trace body, neck, and
head molt. Wing chord measured 412 mm and tail
length was 189 mm.

The Colorado S. leucogaster specimen weighed
940 g at the time of preparation (i.e., after a
period in captivity). Wing chord and total body
length were measured at 389 and 660 mm, respec-
tively. The preparator was unable to find gonads;
thus sex determination as female is based on
plumage. The specimen had light fat and no molt.

The New Mexico S. nebouxii specimen was a
male that weighed 721.5 g at preparation. Its left
testis measured 10 X 2 mm and its right 8§ X 2
mm. It had a bursa of Fabricius measuring 20 X 8
mm. It had no fat and no molt. The wing chord
measured 382 mm and tail length was 157 mm.

Parasite findings and identifications

We tentatively recovered at least 14 species, but
as many as 19 species, of helminth from the New
Mexico S. leucogaster specimen (Fig. 1), and at
least 9 species, but as many as 12 species, of hel-
minth from the S. nebouxii specimen. Helminths
were found only in the liver and intestine. More
detailed examinations and summary of helminth
species can be made later from our deposited
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Figure 1. Selected images of flatworms found in the Sula leucogaster specimen from New Mexico. (A) Strigeidae (MSB:
Para:25661), (B) Heterophyidae (MSB:Para:27862), (C) Drepanocephalus (Echinostomatidae; MSB:Para:27859), (D)
Hysteromorpha (Diplostomidae; MSB:Para:27861), (E) Amphimerus-like (Opisthorchiidae, MSB:Para:27856), (F)
Mesostephanus  (Cyathocotylidae, MSB:Para:18946), (G) Posthodiplostomum (Diplostomidae; MSB:Para:27867), (H)
Posthodiplostomum (Diplostomidae; MSB:Para:27863), (I) Posthodiplostomum (Diplostomidae; MSB:Para:35967), (J)
Posthodiplostomum (Diplostomidae; MSB:Para:29139), (K-L) Dilepididae (Cestoda; MSB:Para:27857, MSB:Para:27858).
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museum vouchers (Table 1). The cestodes and
digenetic (having 2 or more hosts in the life cycle)
trematodes were all mature. The maturity of the
Echinoparyphium-like worm, nematode, and acan-
thocephalan was not determined. The helminth
taxa identified from both New Mexico Sula speci-
mens included species previously reported from the
Family Sulidae (Table 1). Although we attempted
to get a 28S partial sequence for most trematodes
and nadl for the Echinostomatidae, primers only
worked for a few taxa (Table 1). A total of 6 trema-
tode identifications were corroborated by 28S and
nadl partial gene sequence barcodes, out of the ten-
tative 20 putative trematode species from both
birds.

We recovered at least 6 putative species of fresh-
water digenetic trematodes from both of the New
Mexico Sula specimens. Hysteromorpha sp. and an
opisthorichiid Amphimerus-like trematode were
recovered from S. leucogaster, and Clinostomum sp.
was recovered from S. nebouxii. At least 2 species
of Posthodiplostomum and a Drepanocephalus sp.
were recovered from both individuals.

Nematodes are common in marine birds; how-
ever, no nematodes were found in S. nebouxii and
we found only 1 very small, thin nematode from
the small intestine of S. leucogaster (Table 1). Sim-
ilarly, we did not find acanthocephalans from S.
nebouxii and found only a single individual from
the small intestine of S. leucogaster (Table 1).
Without species-level identifications of the nema-
tode and acanthocephalan species, it was not possi-
ble to know whether their life cycles occur in
freshwater or saltwater.

We found no endo- or ectoparasites from the
Colorado S. leucogaster specimen, which was not
unexpected due to the bird’s extended stay in
rehabilitation. However, the bird tested positive
for West Nile virus.

Origin of vagrants and previous inland Brown
Booby records from North America

Our maximum-likelihood phylogeny placed
both the New Mexico and Colorado S. /eu-
cogaster specimens within the Isla Monito
haplotype of the Caribbean clade of S. [ leu-
cogaster (Fig. 2). In total, 9 states in the western
United States have records of inland S. leucogaster
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(Fig. 3, Supplemental Table S1). All records
involved single individuals except for Lake
Mead, Nevada (1971; 2 birds), Benbrook Lake,
Texas (2016; 2 birds), and Salton Sea, California.
In the Salton Sea, an inland lake with salinity
approximately 2-fold higher than that of seawater,
S. leucogaster is a rare but regularly occurring
post-breeding disperser in summer and fall, with
high counts of 8§ individuals in 1970 and 1990,
respectively (Patten et al. 2003).

Discussion

Recent work suggests that parasites of seabirds
and other waterbirds are important as indicators of
environmental quality, biogeography, coevolution-
ary history, ecology, and trophic dynamics (Hoberg
1996; Marcogliese and Cone 1997; Sures et al.
1999; Marcogliese 2004; Hoberg 2005; Locke
et al. 2013, 2014; Mendes et al. 2013; Nakama
2018; Hoberg and Soudachanh 2021). Helminth
assemblages of seabirds are known to vary due to
host phylogeny, geography, foraging habitat, prey
species composition, diet breadth, trophic position,
ontogenetic or seasonal shifts in diet, or host—host
interactions (Hoberg 1996, Marcogliese 2004,
Sukhdeo and Hernandez 2005, Locke et al. 2013,
Nakama 2018). Here we collected novel data on
helminth assemblages of wild collected seabirds
that perished after wandering to freshwater habi-
tats, allowing us to test whether inland vagrant sea-
birds are potentially susceptible to freshwater
helminth parasites. Because the parasite communi-
ties of freshwater and saltwater tend to be distinct,
it is possible that saltwater-obligate avian hosts
could be susceptible to novel parasites when they
wander to freshwater habitats. Susceptibility to
novel parasites is an evolutionary force that would
be expected to favor philopatry and habitat special-
ization (Ricklefs 2010). On longer time scales, it is
plausible that this mechanism could help to explain
the known tendency for evolutionary conserved
habitat preferences across the phylogeny of birds
(Hackett et al. 2008, Feng et al. 2020).

Few previous studies have included helminth
examinations of sulids from the Pacific or Atlantic
oceans. We identified several notable genera of dige-
netic trematodes (Drepanocephalus, Posthodiplos-
tomum, Hysteromorpha, Amphimerus, Ascocotyle,
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Figure 2. Phylogenetic relationships among Sula leucogaster haplotypes. Museum of Southwestern Biology (MSB),
Denver Museum of Nature and Science (DMNS), and the “Niagara” bird recorded by Skevington et. al. (2015) were
placed to the Isla Monito haplotype in the Caribbean clade (indicated by pink stars and branches). The tree is midpoint
rooted, with bootstrap percentages indicating strength of support for each node.
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Figure 3. Inland Sula leucogaster records from the western United States from any time in the past through 2020. Open
circles represent the new specimen records of S. [ leucogaster sampled from New Mexico (MSB:Bird:48800) and
Colorado (DMNS:Bird:45970). Specimens east of the new records are presumed to be S. I leucogaster of Caribbean
(Atlantic) origin; those to the west are presumed to be S. /. brewsteri of Pacific origin.

Galactosomum, and Mesostephanus) from inland-
vagrant booby specimens that have previously been
identified from fish-eating waterbirds, the pelicans
and cormorants, which use both freshwater and salt-
water habitats (e.g., Travassos 1928, Price 1934,
Alegret 1941, Cable 1960, Hutton and Sogandares-
Bernal 1960, Pense and Childs 1972, Velez 1980,
Threlfall 1982, Thatcher 1993, Dyer et al. 2002,
Monteiro et. al. 2011, Rubio-Godoy et. al. 2011,
O’Hear et al. 2014, Hernandez-Cruz et. al. 2017).
The most recent studies of helminths of S. leu-
cogaster off the Caribbean coast of Colombia (Riet-
schel and Werding 1978, Velez 1980) found the
same genera (i.e., Drepanocephalus, Galactoso-
mum, Mesostephanus, Ascocotyl, Opisthometra). A
recent study of S. nebouxii off the western coast of
Mexico (Rubio-Godoy et al. 2011) also identified 2
of the same parasite taxa, Galactosomum and Meso-
stephanus. A survey of Northern Gannets (Morus
bassanus; a sister species to Sula) off the coast of
Florida (Nakama 2018) had in common with our
study species of Posthodiplostomum, Galactoso-
mum, Mesostephanus, Ascocotyl, and Strigeidae

(Table 1). Species of Tetrabothrius (the larvae of
which are thought to occur in planktonic cephalo-
pods or teleost fish intermediate hosts) are com-
monly reported in fish-eating seabirds, particularly
in species of Sula, but they were not found in our
specimens (e.g., Hoberg 1984, 1996).

Our discovery of 6 genera of putative freshwater
helminths in a strictly marine host species raises the
possibility that these sulids were exposed to novel
parasites after foraging on freshwater fish in inland
waters. We define freshwater helminths as those
that have freshwater gastropods as their first inter-
mediate host, and typically have freshwater fish as
their second intermediate host (Sereno-Uribe et al.
2019, Romero-Alvarez et al. 2020). The freshwater
helminth genera identified from the New Mexico S.
leucogaster and S. nebouxii specimens (Hystero-
morpha, Posthodiplostomum, Amphimerus-like, and
Clinostomum) were previously unknown from Sula,
a strictly marine seabird genus. It is possible that
Posthodiplostomum is not a strictly freshwater hel-
minth taxon, as a single record of P pricei was
recovered from another strictly marine sulid, Morus
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bassanus, from Florida (Nakama 2018). Drepanoce-
phalus, a primarily freshwater helminth taxon found
in both New Mexico Sula spp. specimens, was pre-
viously reported from S. leucogaster (Rietschel and
Werding 1978). Drepanocephalus is considered a
freshwater-obligate parasite (Hernandez-Cruz et al.
2017), but future genetic characterization and life
cycle studies could uncover a marine connection by
second intermediate host fishes (e.g., Beaver 1941,
Gonchar and Galaktionov 2020) such as siluriforms
(e.g., Alberson et al. 2022).

From the few large-scale studies of obligate salt-
water-foraging seabirds, the family Alcidae has
been found to harbor helminth taxa thought to be
freshwater restricted, such as Strigeidae, Diplosto-
midae, and Echinosomatidac (Hoberg 1984, 1996;
Muzaffar and Jones 2004). Previous work has
shown that helminths from Caribbean Sula are sim-
ilar to those from cormorants (Phalacrocoracidae);
in particular, the 2 hosts tend to share Drepanoce-
phalus sp. (Flowers et al. 2004, Monteiro et al.
2011, Shechan et al. 2016, Hernandez-Cruz et al.
2017, Sereno-Uribe et al. 2019). Overlap in parasite
taxa between these 2 bird families may be due to
similar prey, similar body sizes (Hoberg and Souda-
chanh 2021), and phylogenetic relatedness (Hoberg
1996, Nakama 2018, Barrow et al. 2019). In sum,
our evidence suggests that the New Mexico S. leu-
cogaster and S. nebouxii specimens were exposed
to and infected by freshwater helminths during
vagrancy; however, scarce data on parasite system-
atics and life history makes this conclusion tenta-
tive for some helminth genera.

Inland vagrant infection from exposure to fresh-
water helminths would result if birds consumed
infected prey and our findings suggest that the Sula
specimens became infected after foraging in fresh
water. For example, the life cycle of Hysteromor-
pha uses Planorbidae snails (Gyraulus, Biompha-
laria) as a first intermediate host, several families
of freshwater fish (e.g., Cyprinidae or Ameriuridae)
as a second intermediate host, and waterbird spe-
cies occurring in both freshwater and saltwater hab-
itats (such as cormorants, pelicans, egrets, and
herons) as the definitive host (Hugghins 1954,
Lopez-Hernandez et al. 2019, Sereno-Uribe et al.
2019). In experimental work with H. triloba by
Hugghins (1954), it took 14—15 d for cercariae to
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emerge from the snail host, 12 weeks for metacer-
cariae to develop to maturity in fish, and 2.5 d for
mature gravid adults to appear in cormorants after
ingesting the metacercariae. The specimens of H.
triloba identified from our study were mature, thus
it is likely that the 2 boobies must have been forag-
ing on freshwater fish for at least 2.5 d after dis-
persing inland. The greater the time spent in
freshwater, the higher the probability to encounter
an infected fish. Fish can remain infected with
metacercaria over weeks, months, and years. The
experimental life cycle of Drepanocephalus spa-
thans similarly found eggs in the feces 3—8 d post
exposure to metacercariac from fish (Alberson
et al. 2022). The short time required for ingested
metacercariae to mature are consistent with infec-
tion having occurred after wandering inland, but
before being captured for rehabilitation; however, it
is possible that the New Mexico S. leucogaster was
exposed to novel helminths during its stay in reha-
bilitation, where it was briefly fed a combination of
frozen and live minnows from a local bait shop.
The New Mexico S. nebouxii did not survive long
enough in rehabilitation to be fed whole food and
was only given fluids and electrolytes; the freshwa-
ter taxa (e.g., Posthodiplostomum and Clinosto-
mum) among its high diversity of mature helminths
indicate that it foraged on infected fish during its
time as an inland vagrant. More helminth survey
data are needed to test whether Hysteromorpha and
other putative freshwater helminths undergo their
full life cycles in New Mexico, or whether these
taxa could infect sulids not foraging in freshwater.
It is plausible that obligate marine seabirds could
be infected with putatively freshwater species of
helminths if 1 or more of the intermediate hosts can
move between freshwater and marine habitats. For
example, some species in the family Diplostomidae
or Strigeidae use as second intermediate hosts
fishes that are anadromous or cataromous and have
been found in freshwater and brackish water (e.g.,
Swennen et al. 1979, Marcogliese and Locke 2021,
Pérez-Ponce de Ledn et al. 2021) and may also
cycle through gastropods (such as Hydrobiidae)
that can tolerate a wide range of salinity (e.g., Skir-
nisson et al. 2004).

An outstanding question is whether freshwater
helminths could be detrimental to the health of
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sulids or other seabirds; none of the helminths that
we found were present in exceptionally high inten-
sity, nor did we observe gross pathologies in the
intestines or liver. However, the Sula specimens in
this study provided unique insight into the helminth
infracommunities of inland-vagrant seabirds: they
contained obligate marine trematode taxa, part of
the parasite infracommunity preceding vagrancy, as
well as putative freshwater-obligate trematode taxa
that appear to have been acquired after wandering
inland. Because the freshwater helminths were not
from taxa to which the seabird species were nor-
mally exposed and infected during their evolu-
tionary history, they could plausibly threaten the
survival of seabirds using freshwater habitats
(Ricklefs 2010, Roy and St-Louis 2017).

It has become possible in recent years to exam-
ine the origins of migrating, dispersing, and vagrant
birds using diverse approaches that include genet-
ics, parasites and prey identification, stable iso-
tope ratios, and microbiome characterization
(Rubenstein and Hobson 2004, Engel et al. 2011,
Locke et al. 2012, Levin et al. 2016). These varied
techniques have also provided novel information
about breeding or wintering locations and differ-
ential movements of populations of the same spe-
cies (Paxton et al. 2013). Both the New Mexico
and Colorado S. leucogaster specimens were
unequivocally found to originate from the S. /.
leucogaster population in the Caribbean Sea,
based on mtDNA haplotypes (Fig. 2). Skevington
et al. (2015) used mtDNA from feces to demon-
strate that an individual S. leucogaster on Lake
Erie had also originated from the Caribbean Sea.
It is likely that all of the other inland records of S.
leucogaster from the eastern half of North Amer-
ica (east of the New Mexico and Colorado speci-
mens) were also of Caribbean origin, and that the
records west of the New Mexico and Colorado
specimens represent the eastern Pacific brewsteri
population. As genetic resources and occurrence
data for helminth parasites improve, we may be
able to use DNA sequences of the museum-
archived helminth specimens in this study to pin-
point their geographic origins, as well.

Both of the S. leucogaster specimens repre-
sented first state records, adding to the growing
number of sightings of this species in the interior
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United States. Most inland records of S. leucogaster
have occurred during the warmer months of the
year during approximately May—September (Sulli-
van et al. 2009). New Mexico and Colorado in the
western United States are each approximately equi-
distant from the Pacific and Atlantic Oceans. There
are previous records of pelagic seabirds from New
Mexico and Colorado originating from the Pacific
Ocean, including Long-billed Murrelet (Brachyram-
phus perdix, MSB:Bird:29200; Sullivan et al. 2009,
Witt et al. 2010), Ancient Murrelet (Synthliboram-
phus antiquus, MSB:Bird:9287, MSB:Bird:50983,
DMNS:Bird:33827, DMNS:Bird:41653, DMNS:
Bird:41654, DMNS:Bird:42662, UCM:Bird:6282;
Sullivan et al. 2009), Blue-footed Booby (MSB:
Bird:40479), Least Storm-Petrel (Oceanodroma
microsoma, MSB:Bird:9087; Zimmerman 1992),
and Elegant Tern (Thalasseus elegans; Sullivan et al.
2009). Seabirds originating from the Atlantic Ocean
have also occurred in New Mexico and Colorado,
including Sooty Tern (Onychoprion fuscatus; Per-
cival 2009, Johnson et al. 2011) and Sandwich Tern
(Thalasseus sandvicensis; Sullivan et al. 2009).
Storms have been implicated in inland vagrancy
of seabirds; however, the strong winds of a storm
may not be necessary for vagrancy to occur, nor
for vagrants to perish. Favorable environmental
conditions, such as seasonal shifts in prevailing
wind direction, were found to have direct correla-
tion with inland procellariid vagrancy, rather than
tropical storms or El Niflo Southern Oscillation
events (Patten and Minnich 1997). The S. leu-
cogaster and S. nebouxii specimens from New
Mexico and Colorado seemingly were not driven
inland by storms. Tropical Storm Danielle formed
in the Bay of Campeche, Mexico, and made land-
fall in the state of Veracruz on 20 June 2016; 2 d
later, the Colorado S. leucogaster was found in
Boulder, Colorado, over 2,200 km away. Dispersal
due to this tropical storm is plausible but seems
unlikely given the distance and paltry strength of
the storm. The New Mexico S. leucogaster was
brought into rehabilitation on 18 May 2018, sev-
eral days before the formation of Tropical Storm
Alberto, the only named storm in the Gulf of
Mexico that month. Prior to the S. nebouxii arriv-
ing in New Mexico on 11 August 2013, 2 named
hurricanes (Gil and Henriette) were active in the
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Eastern Pacific around the same time; however,
both formed ~2,000 km offshore southwest of the
Baja Peninsula and continued westward before dis-
sipating over open ocean, never making landfall.
Dispersal related to these hurricanes is unlikely
due to the distance and direction both moved after
formation. Continued, thorough documentation of
vagrant seabirds, especially the archiving of physi-
cal specimen materials, when possible, will pro-
vide useful information about drivers of dispersal
patterns as well as causes of demise for dispersing
individuals.

This study was made possible by careful salvag-
ing, preparation, and curation of bird and parasite
specimens for museum collections. Well-prepared
scientific specimens can be used for genetic
sequencing, parasite infracommunity characteriza-
tion, isotope-ratio signatures, biochemical and trace
element accrual, and 3-dimensional
among a growing set of technology-driven uses
(Schmitt et al. 2019). Salvaged specimens, in par-
ticular, provide unique opportunities for research
because they are often the only material available
for relatively rare species, such as inland-vagrant
seabirds. Modern, “holistic” specimens offer the
opportunity to integrate across different types of
preserved materials that contain complementary
information, such as we have done here by leverag-
ing linked parasites, frozen tissues, and bird speci-
mens. Salvaged bird specimens will continue to
provide a valuable long-term resource for study of
migration, dispersal, vagrancy, genomics, and the
broader principles that underlie generation and
maintenance of biodiversity. Accordingly, all of the
samples preserved during this study are available to
confirm or extend the present work (see Table 1 for
searchable catalog numbers).

scanning,

Acknowledgments

This study was possible only because these specimens
were transferred to museums where they could be properly
necropsied and preserved. We thank the Birds of Prey
Foundation for donating the S. leucogaster specimen in this
study to the Denver Museum of Nature and Science. We
thank Jeffrey Stephenson of the Denver Museum of Nature
and Science for the curation of the Colorado S. leucogaster
specimen. Drs. Erika Ebbs, Tyler Achatz, Sean Locke, and Mr.
Keith Keller, assisted with dissections, worm mounting,
identification, and parasite discussions. We thank 3 anonymous

The Wilson Journal of Ornithology « Vol. 135, No. 3, September 2023

reviewers for their helpful comments on the initial draft of the
manuscript.

Literature cited

Alberson NR, Rosser TG, King DT, Woodyard ET, Khoo
LH, et al. 2022. Experimental elucidation of the life
cycle of Drepanocephalus spathans (Digenea: Echi-
nostomatidae) with notes on the morphological plas-
ticity of D. spathans in the United States. Journal of
Parasitology. 108:141-158.

Alegret MJ. 1941. Contribucion al conocimiento de los ver-
mes parasitos de Phalacrocorax auritus floridanus
[Contribution to the knowledge of the parasitic worms
Phalacrocorax auritus floridanus]. Thesis Facultad de
Ciencias Universidad de la Habana. Spanish.

Avise JC, Nelson WS, Bowen BW, Walker D. 2000. Phylo-
geography of colonially nesting seabirds, with special
reference to global matrilineal patterns in the Sooty Tern
(Sterna fuscata). Molecular Ecology. 9:1783-1792.

Balbuena JA, Raga JA. 1994. Intestinal helminths as indica-
tors of segregation and social structure of pods of long-
finned pilot whales (Globicephala melas) off the Faeroe
Islands. Canadian Journal of Zoology. 72:443—448.

Barrow LN, McNew SM, Mitchell N, Galen SC, Lutz HL,
et al. 2019. Deeply conserved susceptibility in a multi-
host, multi-parasite system. Ecology Letters. 22:987-998.

Baumann MJ, McNew SM, Witt CC. 2013. Morphological
and molecular evidence confirm the first definitive
Eastern White-breasted Nuthatch (Sitta c. carolinen-
sis) for New Mexico. Western Birds. 44:90-97.

Baumann MJ, Pederson ND, Oldenettel J, Graus MS, McNew
SM, Witt CC. 2011. Molecular and morphological evi-
dence confirm the first record of Eastern Whip-poor-will
(Caprimulgus vociferus) for New Mexico. New Mexico
Ornithological Society Bulletin. 39:1-10.

Beaver PC. 1941. The life history of Echinochasmus donald-
soni n. sp., a trematode (Echinostomidae) from the Pied-
billed Grebe. Journal of Parasitology. 27:347-355.

Bried J, Jouventin P. 2001. Site and mate choice in sea-
birds: An evolutionary approach. In: Schreiber EA,
Burger J, editors. Biology of marine birds. New York
(NY): CRC Press; p. 263-305.

Brooks DR, Ledn-Reégagnon V, McLennan DA, Zelmer D.
2006. Ecological fitting as a determinant of the com-
munity structure of Platyhelminth parasites of anurans.
Ecology. 87:S76-S85.

Burt DRR. 1978. A reappraisal of “Taenia heterosoma”
including descriptions of two new species of Tetrabo-
thrius. Zoological Journal of the Linnean Society.
62:365-372.

Cable RM. 1960. Digenetic trematodes of Puerto Rican
shorebirds. Scientific Survey of Puerto Rico and the
Virgin Islands. 17(2):187-255.

Clark NJ, Clegg SM, Sam K, Goulding W, Koane B, Wells
K. 2018. Climate, host phylogeny and the connectivity
of host communities govern regional parasite assem-
bly. Diversity and Distributions. 24:13-23.

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 03 Feb 2024
Terms of Use: https://bioone.org/terms-of-use Access provided by University of New Mexico



Baumann et al. + Parasites of inland-vagrant boobies

Ditmer MA, McGraw AM, Cornicelli L, Forester JD,
Mahoney PJ, et al. 2020. Using movement ecology to
investigate meningeal worm risk in moose, Alces alces.
Journal of Mammalogy. 101:589-603.

Dyer WG, Williams EH Jr, Mignucci-Giannoni AA, Jimenez-
Marrero NM, Bunkley-Williams L, et al. 2002. Helminth
and arthropod parasites of the Brown Pelican, Pelecanus
occidentalis, in Puerto Rico, with a compilation of all
metazoan parasites reported from this host in the Western
Hemisphere. Avian Pathology. 31:441-448.

Engel JI, Hennen MH, Witt CC, Weckstein JD. 2011. Affini-
ties of three vagrant Cave Swallows from eastern North
America. Wilson Journal of Ornithology. 123:840—-845.

Feng S, Stiller J, Deng Y, Armstrong J, Fang Q, et al. 2020.
Dense sampling of bird diversity increases power of
comparative genomics. Nature. 587:252-257.

Flowers JR, Poore MF, Mullen JE, Levy MG. 2004. Digene-
ans collected from piscivorous birds in North Carolina,
U.S.A. Comparative Parasitology. 71:243-244.

Friesen VL, Burg TM, McCoy KD. 2007. Mechanisms of
population differentiation in seabirds. Molecular Ecol-
ogy. 16:1765-1785.

Galen SC, Witt CC. 2014. Diverse avian malaria and other
haemosporidian parasites in Andean House Wrens:
Evidence for regional co-diversification by host-
switching. Journal of Avian Biology. 45:374-386.

Gibson DD, Withrow JJ. 2015. Inventory of the species and
subspecies of Alaska birds. 2nd edition. Western
Birds. 46:94-185.

Gonchar A, Galaktionov KV. 2020. It is marine: Distinguish-
ing a new species of Catatropis (Digenea: Notocotyli-
dae) from its freshwater twin. Parasitology. 148:74-83.

Hackett SJ, Kimball RT, Reddy S, Bowie RC, Braun EL,
et al. 2008. A phylogenomic study of birds reveals
their evolutionary history. Science. 320:1763—1768.

Hernandez-Cruz E, Hernandez-Orts JS, Sereno-Uribe AL,
Perez-Ponce de Leon G, Garcia-Varela M. 2017. Mul-
tilocus phylogenetic analysis and morphological data
reveal a new species composition of the genus Drepa-
nocephalus Dietz, 1909 (Digenea: Echinostomatidae),
parasites of fish-eating birds in the Americas. Journal
of Helminthology. 92:572-595.

Hoberg EP. 1984. Systematics, zoogeography and ecology
of platyhelminth parasites of the seabird family Alci-
dae (Charadriiformes: Suborder Alcae) [dissertation].
Seattle (WA): University of Washington.

Hoberg EP. 1996. Faunal diversity among avian parasite
assemblages: The interaction of history, ecology, and
biogeography in marine systems. Bulletin of the Scan-
dinavian Society of Parasitology. 6:65-89.

Hoberg EP. 2005. Marine birds and their helminth parasites.
In: Rohde K, editor. Marine parasitology. Sydney
(Australia): CSIRO; p. 414-421.

Hoberg EP, Soudachanh KM. 2021. Diversity of Tetrabothrii-
dae (Eucestoda) among Holarctic Alcidae (Charadrii-
formes): Resolution of the Tretrabothrius jagerskioeldi
cryptic species complex—cestodes of Alcinae—provides
insights on the dynamic nature of tapeworm and marine

341

bird faunas under the Stockholm Paradigm. MANTER:
Journal of Biodiversity. 16.

Howell SNG, Zufelt K. 2019. Oceanic birds of the world:
A photo guide. Princeton (NJ): Princeton University
Press.

Hugghins EJ. 1954. Life history of a strigeid trematode,
Hysteromorpha triloba (Rudolphi, 1819) Lutz, 1931.
1. Sporocyst through adult. Transactions of the Amer-
ican Microscopical Society. 73:221-236.

Hutton RF, Sogandares-Bernal F. 1960. Studies on helminth
parasites from the coast of Florida. II. Digenetic trem-
atodes from shore birds of the west coast of Florida.
Bulletin of Marine Science. 10:40-54.

Johnson AB, McNew SM, Graus MS, Witt CC. 2011. Mito-
chondrial DNA and meteorological data suggest a
Caribbean origin for New Mexico’s first Sooty Tern
(Onychoprion fuscatus). Western Birds. 42:233-242.

Kostadinova A, Herniou EA, Barrett J, Littlewood DTJ. 2003.
Phylogenetic relationships of Echinostoma rudolphi,
1809 (Digenea: Echinostomatidae) and related genera
re-assessed via DNA and morphological analyses. Sys-
tematic Parasitology. 54:159-176.

Lafferty KD, Allesina S, Arim M, Briggs CJ, De Leo G,
et al. 2008. Parasites in food webs: The ultimate miss-
ing links. Ecology Letters. 11:533-546.

Lawson CS. 1973. Notes on Pelecaniformes in Nevada.
Western Birds. 4:23-30.

Levin II, Colborn RE, Kim D, Perlut NG, Renfrew RB,
Parker PG. 2016. Local parasite lineage sharing in
temperate grassland birds provides clues about poten-
tial origins of Galapagos avian Plasmodium. Ecology
and Evolution. 6:716-726.

Locke SA, Levy MS, Marcogliese DJ, Ackerman S,
McLaughlin JD. 2012. The decay of parasite commu-
nity similarity in Ring-billed Gulls Larus delawarensis
and other hosts. Ecography. 35:530-538.

Locke SA, Marcogliese DJ, Valtonen ET. 2014. Vulnerabil-
ity and diet breadth predict larval and adult parasite
diversity in fish of the Bothnian Bay. Oecologia.
174:253-262.

Locke SA, McLaughlin JD, Marcogliese DJ. 2013. Predict-
ing the similarity of parasite communities in freshwa-
ter fishes using the phylogeny, ecology and proximity
of hosts. Oikos. 122:73-83.

Lockyer AE, Olson PD, Ostergaard P, Rollinson D,
Johnston DA, et al. 2003. The phylogeny of the Schis-
tosomatidae based on three genes with emphasis on
the interrelationships of Schistosoma Weinland, 1858.
Parasitology. 126:203-224.

Lockley EC, Fouda L, Correia SM, Taxonera A, Nash LN,
et al. 2020. Long-term survey of sea turtles (Caretta
caretta) reveals correlations between parasite infection,
feeding ecology, reproductive success and population
dynamics. Scientific Reports. 10(1):18569.

Lopez-Hernandez D, Locke SA, Costa Alves de Assis J,
Drago FB, de Melo AL, et al. 2019. Molecular, mor-
phological and experimental infection studies of cercar-
iae of five species in the superfamily Diplostomoidea

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 03 Feb 2024
Terms of Use: https://bioone.org/terms-of-use Access provided by University of New Mexico



342

(Trematoda: Digenea) infecting Biomphalaria straminea
(Mollusca: Planorbidae) in Brazil. Acta Tropica.
199:105082.

Malcicka M, Agosta SJ, Harvey JA. 2015. Multi-level eco-
logical fitting: Indirect life cycles are not a barrier to
host switching and invasion. Global Change Biology.
21:3210-3218.

Marcogliese DJ. 2004. Parasites: Small players with crucial
roles in the ecological theater. EcoHealth. 1:151-164.

Marcogliese DJ, Cone DK. 1997. Food webs: A plea for
parasites. Trends in Ecology and Evolution. 12:320-
325.

Marcogliese DJ, Locke SA. 2021. Infection of Diplosto-
mum spp. in invasive round gobies in the St Lawrence
River, Canada. Journal of Helminthology. 95:¢64.

McMurry FB. 1948. Brewster’s Booby collected in the
United States. Auk. 65:309-310.

McNew SM, Barrow LN, Williamson JL, Galen SC, Skeen
HR, et al. 2021. Contrasting drivers of diversity in
hosts and parasites across the tropical Andes. Proceed-
ings of the National Academy of Sciences. 118(12):
€2010714118.

Mendes P, Eira C, Vingada J, Miquel J, Torres J. 2013. The
system Tetrabothrius bassani (Tetrabothriidae)/Morus
bassanus (Sulidae) as a bioindicator of marine heavy
metal pollution. Acta Parasitologica. 58:21-25.

Monson G. 1946. Brewster’s Booby in Arizona. Auk.
63:96.

Monteiro CM, Amato JFR, Amato SB. 2011. Helminth par-
asitism in the Neotropical Cormorant, Phalacrocorax
brasilianus, in southern Brazil: Effect of host size,
weight, sex, and maturity state. Parasitology Research.
109:849-855.

Morgan JA, Blair D. 1998. Relative merits of nuclear ribo-
somal internal transcribed spacers and mitochondrial
CO1 and NDI genes for distinguishing among Echi-
nostoma species (Trematoda). Parasitology. 116:289—
297.

Morgan K, Wallace S, Krause G. 2009. First record of a
Brown Booby in British Columbia, Canada. British
Columbia Birds. 19:13-15.

Morris-Pocock JA, Anderson DJ, Friesen VL. 2011. Mech-
anisms of global diversification in the Brown Booby
(Sula leucogaster) revealed by uniting statistical phy-
logeographic and multilocus phylogenetic methods.
Molecular Ecology. 20:2835-2850.

Morris-Pocock JA, Steeves TE, Estela FA, Anderson DJ,
Friesen VL. 2010. Comparative phylogeography of
Brown (Sula leucogaster) and Red-footed boobies (S.
sula): The influence of physical barriers and habitat
preference on gene flow in pelagic seabirds. Molecular
Phylogenetics and Evolution. 54:883-896.

Muzaffar SB, Jones IL. 2004. Parasites and diseases of the
auks (Alcidae) of the world and their ecology—A
review. Marine Ornithology. 32:121-146.

Nakama M. 2018. The relationship of endoparasite diver-
sity and feeding ecology in the seabird complex of

The Wilson Journal of Ornithology « Vol. 135, No. 3, September 2023

South Florida [master’s thesis]. Fort Lauderdale (FL):
Nova Southeastern University.

Nelson JB. 1978. The Sulidae: Gannets and boobies.
Oxford (UK): Oxford University Press.

O’Hear M, Yost M, Doffitt C, King T, Panuska C. 2014.
Morphologic and molecular identifications of dige-
netic trematodes in Double-crested Cormorants (Pha-
lacrocorax auritus) from the Mississippi Delta, USA.
Journal of Wildlife Diseases. 50:42—49.

Patten MA, McCaskie G, Unitt P. 2003. Birds of the Salton
Sea: Status, biogeography, and ecology. Berkeley
(CA): University of California Press.

Patten MA, Minnich RA. 1997. Procellariiformes occur-
rence at the Salton Sea and Sonoran Desert. South-
western Naturalist. 42:302-311.

Paxton KL, Yau M, Moore FP, Irwin DE. 2013. Differential
migratory timing of western populations of Wilson’s
Warbler (Cardellina pusilla) revealed by mitochon-
drial DNA and stable isotopes. Auk. 130:689-698.

Pense DB, Childs GE. 1972. Pathology of Amphimerus elon-
gates (Digenea: Opisthorchiidae) in the liver of the Dou-
ble-crested Cormorant. Journal of Wildlife Diseases.
8:221-224.

Percival BK. 2009. Colorado’s first record of Sooty Tern.
Colorado Birds. 43:111-115.

Pérez-Ponce de Ledn G, Sereno-Uribe AL, Pinacho-
Pinacho CD, Garcia-Varela M. 2021. Assessing the
genetic diversity of the metacercariae of Posthodiplos-
tomum minimum (Trematoda: Diplostomidae) in Mid-
dle American freshwater fishes: One species or more?
Parasitology. 149:239-252.

Phillips AR. 1964. The birds of Arizona. Tucson (AZ):
University of Arizona Press.

Price EW. 1934. New trematode parasites of birds. Smith-
sonian Miscellaneous Collections. 91:1-6.

Ricklefs RE. 2010. Host—pathogen coevolution, secondary
sympatry and species diversification. Philosophical
Transactions of the Royal Society London Series B.
365:1139-1147.

Rietschel G, Werding B. 1978. Trematodes of birds from
northern Colombia. Zeitschrift fiir Parasitenkunde.
57:57-82.

Romero-Alvarez D, Valverde-Muioz G, Calvopina M,
Rojas M, Cevallos W, et al. 2020. Liver fluke infec-
tions by Amphimerus sp. (Digenea: Opisthorchiidae)
in definitive and fish intermediate hosts in Manabi
province, Ecuador. PLOS Neglected Tropical Dis-
eases. 14:¢0008286.

Roy CL, St-Louis V. 2017. Spatio-temporal variation in
prevalence and intensity of trematodes responsible for
waterfowl die-offs in faucet snail-infested waterbodies
of Minnesota, USA. International Journal for Parasi-
tology: Parasites and Wildlife. 6:162-176.

Roy KIJ. 2014. Brown Booby (Sula leucogaster) new to
Ontario. Ontario Birds. 32:82-97.

Rubenstein DR, Hobson KA. 2004. From birds to butter-
flies: Animal movement patterns and stable isotopes.
Trends in Ecology and Evolution. 19:256-263.

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 03 Feb 2024
Terms of Use: https://bioone.org/terms-of-use Access provided by University of New Mexico



Baumann et al. + Parasites of inland-vagrant boobies

Rubio-Godoy M. de Ledén GPP, Mendoza-Garfias B,
Carmona-Isunza MC, Nufez-de la Mora A, Drummond
H. 2011. Helminth parasites of the Blue-footed Booby
on Isla Isabel, Mexico. Journal of Parasitology. 97:636—
641.

Schmitt CJ, Cook JA, Zamudio KR, Edwards SV. 2019.
Museum specimens of terrestrial vertebrates are sensi-
tive indicators of environmental change in the Anthro-
pocene. Philosophical Transactions of the Royal
Society B. 374:20170387.

Schreiber EA, Norton RL. 2020. Brown Booby (Sula leu-
cogaster). Version 1.0. In: Billerman SM, editor. Birds
of the world. Ithaca (NY): Cornell Lab of Ornithology.
https://doi.org/10.2173/bow.brnboo.01

Sereno-Uribe AL, Lopez-Jimenez A, Andrade-Goémez L,
Garcia-Varela M. 2019. A morphological and molecular
study of adults and metacercariae of Hysteromorpha
triloba (Rudolpi, 1819), Lutz 1931 (Diplostomidae)
from the Neotropical region. Journal of Helminthology.
93:91-99.

Sheehan KL, Hanson-Dorr KC, Dorr BS, Yarrow GK, Johnson
RJ. 2017. The influence of geographical location, host
maturity and sex on intestinal helminth communities of
the Double-crested Cormorant Phalacrocorax auritus
from the eastern United States. Journal of Helminthology.
91:561-568.

Sheehan KL, Tonkyn DW, Yarrow GK, Johnson RJ. 2016.
Parasite assemblages of Double-crested Cormorants as
indicators of host populations and migration behavior.
Ecological Indicators. 67:497-503.

Silva RJ, Raso TF, Faria PJ, Campos FP. 2005. Occurrence
of Contracaecum pelagicum Johnston & Mawson
1942 (Nematoda, Anisakidae) in Sula leucogaster
Boddaert 1783 (Pelecaniformes, Sulidae). Arquivo
Brasileiro de Medicina Veterinaria e Zootecnia.
57:4.

Skevington JH, Pawlicki J, Kelso S, Kerr KC, Jacklin M.
2015. Subspecific identification of the Great Lakes’
first Brown Booby (Sula leucogaster) using DNA.
Canadian Field-Naturalist. 129:53-59.

Skirnisson K, Galaktionov KV, Kozminsky EV. 2004. Fac-
tors influencing the distribution of digenetic trematode
infections in a mudsnail (Hydrobia ventrosa) popula-
tion inhabiting salt marsh pond in Iceland. Journal of
Parasitology. 90:50-59.

Stamatakis A. 2014. RAXML version 8: A tool for phyloge-
netic analysis and post-analysis of large phylogenies.
Bioinformatics. 30:1312—1313.

Steeves TE, Anderson DJ, McNally H, Kim MH, Friesen
VL. 2003. Phylogeography of Sula: The role of phys-
ical barriers to gene flow in the diversification of
tropical seabirds. Journal of Avian Biology. 34:217—
223.

Steeves TE, Anderson DJ, Friesen VL. 2005. The Isthmus
of Panama: A major physical barrier to gene flow in a
highly mobile pantropical seabird. Journal of Evolu-
tionary Biology. 18:1000-1008.

343

Sukhdeo MV, Hernandez AD. 2005. Food web patterns and
the parasite’s perspective. In: Schreiber EA, Burger J,
editors. Biology of marine birds. Boca Raton (FL):
CRC Press; p. 54-67.

Sullivan BL, Wood CL, Iliff MJ, Bonney RE, Fink D,
Kelling S. 2009. eBird: A citizen-based bird observa-
tion network in the biological sciences. Biological
Conservation. 142:2282-2292.

Sures B, Siddall R, Taraschewski H. 1999. Parasites as
accumulation indicators of heavy metal pollution. Par-
asitology Today. 15:16-21.

Swennen C, Heessen HIL, Hocker AWM. 1979. Occurrence
and biology of the trematodes Cotylurus (Ichthycotylu-
rus) erraticus, C. (I.) variegatus and C. (I.) platycephalus
(Digenea: Strigeidae) in the Netherlands. Netherlands
Journal of Sea Research. 13:161-176.

Taylor RS, Bailie A, Gulavita P, Birt T, Aarvak T, et al.
2018. Sympatric population divergence within a
highly pelagic seabird species complex (Hydrobates
spp.). Journal of Avian Biology. 49(1).

Tehrany MR, Dronen NO, Wardle WJ. 1999. Revision of
Bursacetabulus (Diplostomidae: Diplostominae) with
the proposal of Bursatintinnabulus n. gen., and
description of Bursatintinnabus bassanus n. sp. and
Bursacetabulus morus n. sp. from Northern Gannet,
Morus bassanus (Aves), from the Texas Gulf Coast.
Journal of Parasitology. 85:531-533.

Thatcher VE. 1993. Trematddeos Neotropicais [Neotropical
trematodes]. Manaus Brazil: Instituto Nacional de Pes-
quisas da Amazonia. Portuguese.

Threlfall W. 1982. Endoparasites of the Double-crested
Cormorant (Phalacrocorax auritus) in Florida. Pro-
ceedings of the Helminthological Society of Washing-
ton. 49:103-108.

Travassos L. 1928. Deux nouvelles especes du genre Asco-
cotyle [Two new species of the genus Ascocotyle].
Comptes Rendues. 100:939-940. French.

Travassos L, Texeira de Freitas JF, Kohn A. 1969. Tremato-
deos de Brasil [Trematodes of Brazil]. Memorias do
Instituto Oswaldo Cruz. 67:1-886. Portuguese.

Velez EI. 1980. Algunos trematodos digeneos de Sula
dactylatra (Aves) en el norte de Colombia [Some
digeneous flukes of Sula dactylatra (Aves) in
northern Colombia]. Actualidades Biologicas. 9:3—
11. Spanish.

Violante-Gonzalez J, Monks S, Gil-Guerrero S, Rojas-
Herrera A, Flores-Garza R, Larumbe-Moran E.
2011. Parasite communities of the Neotropical Cor-
morant Phalacrocorax brasilianus (Gmelin) (Aves,
Phalacrocoracidae) from two coastal lagoons in
Guerrero state, Mexico. Parasitology Research.
109:1303-1309.

Wagner BA, Hoberg EP, Somers CM, Soos C, Fenton H,
Jenkins EJ. 2012. Gastrointestinal helminth parasites
of Double-crested Cormorants (Phalacrocorax auri-
tus) at four sites in Saskatchewan, Canada. Compara-
tive Parasitology. 79:275-282.

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 03 Feb 2024
Terms of Use: https://bioone.org/terms-of-use Access provided by University of New Mexico


https://doi.org/10.2173/bow.brnboo.01

344 The Wilson Journal of Ornithology « Vol. 135, No. 3, September 2023

Williams HH, MacKenzie K, McCarthy AM. 1992. Para-  Witt CC, Graus MS, Walker HA. 2010. Molecular data con-

sites as biological indicators of the population biology, firm the first record of the Long-billed Murrelet for

migrations, diet and phylogenetics of fish. Reviews in New Mexico. Western Birds. 41:160-167.

Fish Biology and Fisheries. 2:144-176. Wooller RD, Bradley JS, Croxall JP. 1992. Long-term pop-
Williamson JL, Wolf CJ, Barrow LN, Baumann MJ, Galen ulation studies of seabirds. Trends in Ecology & Evo-

SC, et al. 2019. Ecology, not distance, explains com- lution. 7:111-114.

munity composition in parasites of sky-island Audu-  Zimmerman DA. 1992. A Least Storm-Petrel in Grant

bon’s Warblers. International Journal for Parasitology. County, New Mexico. New Mexico Ornithological Soci-

49:437-448. ety Bulletin. 20:39.

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 03 Feb 2024
Terms of Use; https://bioone.org/terms-of-use Access provided by University of New Mexico


https://www.researchgate.net/publication/377866630

