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ABSTRACT

Kennerley, W. L., Clucas, G. V., Lyons, D. E., & Yakola, K. C. (2025). What to eat when far from home? A vagrant seabird selects novel but
analogous prey. Marine Ornithology, 53(2), 251-256. http://doi.org/

Vagrancy in birds is an important mechanism contributing to range expansion and the establishment of new breeding populations. However,
research on the ecology of vagrant individuals has been limited. From 2005 to 2021, a Red-billed Tropicbird Phaethon aethereus, far outside
its usual range, was a summer resident at Seal Island, Maine, USA. In 2020 and 2021, we collected fecal samples from this individual and
identified prey types consumed via DNA metabarcoding techniques, using 12S and 18S genes. We identified six fish species in the Red-
billed Tropicbird fecal DNA samples, with Atlantic Saury Scomberesox saurus and Atlantic Mackerel Scomber scombrus contributing ~75%
of DNA reads. To our knowledge, these two species have not previously been documented in the diet of Red-billed Tropicbirds, yet they
were important in both years despite contrasting environmental conditions. Although it is quite possible that this vagrant individual had not
encountered either saury or mackerel prior to its extralimital dispersal to the Gulf of Maine, these species share morphological and functional
traits with known tropicbird prey elsewhere. Thus, despite occurring > 2,400 km from known breeding sites, this Red-billed Tropicbird was

capable of selecting suitable prey in a variable environment.
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INTRODUCTION

Each summer from 2005 to 2021, a Red-billed Tropicbird Phaethon
aethereus (hereafter RBTR) attended the seabird colony at Seal
Island National Wildlife Refuge (43°53'24"N, 068°44'00"W) in
Knox County, Maine, USA (Maine Bird Records Committee,
2021). Although RBTR are typically restricted to the tropical
Atlantic, Indian, and eastern Pacific Oceans (Orta et al., 2020), this
vagrant returned consistently to Seal Island despite its location more
than 2,400 km from the species’ nearest known breeding sites in
the Caribbean (Lee & Walsh-McGehee, 2000). Although the Seal
Island RBTR was never banded or marked, its consistent presence
at the same island at highly predictable times of year—far beyond
the species’ typical range—suggests that a single individual was
involved. The Seal Island RBTR consistently occupied a particular
rock crevice, made highly vocal display flights, and, on multiple
occasions, attempted to copulate with lobster trap floats (KCY &
WLK, personal observations). These behaviors, paired with the
reliable occurrence of the RBTR at Seal Island over 17 years,
indicate that this record was not simply that of an accidental or
storm-driven wanderer. Rather, the Seal Island RBTR appears to
represent an (ultimately) unsuccessful attempt at range expansion of
the species by a particularly widely dispersing individual.

Vagrancy as a mechanism of range expansion is not a new idea
(Grinnell, 1922), and vagrant birds continue to be touted as
“vanguards of range shifts” (Davis & Watson, 2018). While
the distributions of all bird species have likely been influenced
by vagrancy to some degree over time (Fjeldsa et al., 2020),

the exceptional dispersal abilities of many seabirds make for
numerous dramatic examples of range shifts within this group.
Instances of seabird breeding range expansion across ocean
basins are not rare and include, for example, the 20th-century
colonization of the eastern North Pacific by Laysan Albatross
Phoebastria immutabilis (Henry et al., 2021) and of the western
North Atlantic by Manx Shearwaters Puffinus puffinus (Storey &
Lien, 1985). Expanding populations are likely to produce more
dispersing individuals; accordingly, vagrancy rates have been
found to reflect population growth and/or the recent reproductive
success of source populations (Veit, 2000; Zawadzki et al., 2019).
For example, the recent expansion of Elegant Tern Thalasseus
elegans breeding range to western Europe was preceded by a
dramatic population increase of this species in North America
(Veit et al., 2021).

Most vagrant individuals do not establish novel populations. The
specific factors influencing the success of nascent populations
remain poorly understood, but likely include the number of
prospecting individuals, the distance from the source population,
and the availability of suitable habitat and prey (Buxton et al., 2014;
Lees & Gilroy, 2014; Oro et al., 2011). Following the first Gulf of
Maine record of RBTR in 1986 (Maine Bird Records Committee,
2021), Veit (1988, 1989) suggested that RBTR were easily capable
of traveling from the Caribbean to the Gulf of Maine and likely
disperse beyond their known range far more frequently than they
are observed and documented. However, he argued that the absence
of breeding in the Gulf of Maine suggests that an unidentified factor
has prevented their colonization of the region (Veit, 1988).
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In response to recent and rapid environmental change, many taxa
are expected to shift their geographic distributions, and the ability
to do so may prove critical to species resilience (Barbet-Massin
et al., 2012; Thomas, 2010). A better understanding of the factors
that influence dispersal ability and range expansion is necessary
to inform effective conservation measures; vagrant individuals
could, thus, be viewed as valuable natural experiments that allow
us to examine these potential limiting factors. Presented with a
unique opportunity to determine the diet of a vagrant seabird,
we noninvasively collected fecal samples from the Seal Island
RBTR over two consecutive years for diet analysis using DNA
metabarcoding. These results provide insight into the foraging
flexibility of RBTR and provide an example of a vagrant individual
adopting novel food resources.

METHODS

Field sampling occurred on Seal Island National Wildlife Refuge,
38 km off the coast of Rockland, Maine, USA (Fig. 1). Field work

was conducted by researchers that reside seasonally on the island
and all work was performed with the approval of the U.S. Fish and
Wildlife Service and National Audubon Society Seabird Institute.
Fecal samples were collected from fresh sheets of plastic wrap
placed in the RBTR’s regular roost site June—July 2020/21. The
roost consisted of a crevice beneath a large, granite boulder, similar
to many RBTR nest sites at Caribbean colonies (Boeken, 2016).
The protected nature of the roost site, and the location of the site
at least 600 m away from the main seabird colony (terns Sterna
spp., Atlantic Puffins Fratercula arctica, Razorbills Alca torda, and
Black Guillemots Cepphus grylle) allowed collection of samples
free from any visually-identifiable contamination.

All fecal samples were collected with fresh, individually-wrapped
wooden spatulas and were immediately placed into sterile
collection vials containing 1 ml of DNA/RNA Shield (Zymo
Research, Irvine, USA). DNA extraction, amplification, and
sequencing methods were similar to those detailed in Fayet et
al. (2021 and supplementary materials therein) and were led by
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Fig. 1. Location of Seal Island, Maine, USA (star) compared to the nearest Red-billed Tropicbird Phaethon aethereus breeding sites in the
Caribbean (pink). Inset image of the Seal Island Red-billed Tropicbird taken on 11 June 2015 by Keenan Yakola.
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GVC. Fecal samples were homogenized, and DNA was extracted
from samples using a Quick-DNA Fecal/Soil Microbe Miniprep
Kit (Zymo Research, Irvine, USA). We attempted to characterize
the RBTR diet using primers targeting two gene regions: (1) 18S
to capture the occurrence of broad metazoan groups within the
RBTR diet (Mclnnes et al., 2017); and (2) 12S to obtain higher
taxonomic resolution of fish prey (Miya et al., 2015). For both
primer sets, DNA sequences were amplified using 4.6 ul of
template DNA and two-step PCR. We monitored for potential
contamination by testing field-, extraction-, and PCR-blanks.
Fecal DNA samples and blanks were sent to the University of New
Hampshire for sequencing on an Illumina HiSeq 2500 (Illumina
Inc., San Diego, USA).

Following sequencing, demultiplexed reads were imported into
Qiime2 (Bolyen et al., 2019) for processing, including quality
filtering, adapter removal, and denoising (all code may be found at
https://github.com/GemmaClucas/Matinicus-Rock-2021-Atlantic-

Puffins/blob/main/MiFish 2022 Qiime commands.Rmd and data
is available at https://doi.org/10.6084/m9.figshare.28282811).

Taxonomic assignments were made for the 12S region using an
iterative blast method with a custom database downloaded from
GenBank using the RESCRIPt plugin (Robeson et al., 2021), while
a naive Bayes classifier was used to classify the 18S sequences with
the 99% clustered SILVA v.132 database (Quast et al., 2013). Using
rarefaction curves, we determined that 2,500 sequences per sample
were required for the 18S marker and 200 sequences per sample
were required for 12S analyses. Samples were rarefied to these
depths and all samples with an insufficient number of sequences
were removed from our data set.

Taxonomic assignments of sequences were verified using the
National Center for Biotechnology Information’s (NCBI) BLAST
tool (NCBI, 2023), and we used FishBase (Froese & Pauly, 2023) to
check species’ geographic distributions to ensure assignments were
reasonable. Data from fecal DNA metabarcoding analyses were
summarized using the frequency of occurrence (% of fecal samples
in which a taxon occurred) and relative read abundance (% of DNA
reads attributed to a taxon).

RESULTS

We collected 25 fecal samples from the RBTR roost site over
two years (2020: n = 11, 2021: n = 14). Using the 12S gene,
we amplified sufficient fish DNA from 16 of these samples for
use in our analyses. We detected six different fish species in the
RBTR’s diet (Table 1), with ~75% of all fish DNA sequences
attributable to just two species: Atlantic Saury Scomberesox
saurus and Atlantic Mackerel Scomber scombrus. The high
frequency of occurrence and high DNA relative read abundance
from saury and mackerel (Fig. 2) suggest that these two species
were the fishes consumed most commonly and in the greatest
amount by the Seal Island RBTR. In contrast, analyses using
18S DNA were confounded by large quantities of amplified host
(i.e., RBTR) DNA; removal of host DNA during processing left
few samples with adequate read depth for diet analysis. However,
the greatest proportion of recovered DNA came from teleost
fish, suggesting these comprised the major component of the
RBTR’s diet during our study. All non-vertebrate taxa that we
identified are likely attributable to parasites (e.g., nematodes),
environmental contamination (e.g., fungi), or secondary ingestion
(e.g., copepods), rather than direct consumption.

TABLE 1
Species identified using 12S primers in Red-billed Tropicbird
Phaethon aethereus fecal samples collected in 2020 (n = 6)
and 2021 (n = 10) from Seal Island, Maine, USA

% FOO? % Total reads®
2020 2021 2020 2021

Prey taxa

Atlantic Herring

Clupea harengus 333 0.0 333 0.0

Atlantic Mackerel

Scomber scombrus 16.7  30.0 16.2 300

Atlantic Saury
Scomberesox saurus

50.0  50.0 50.0  50.0

Fourbeard Roc'klmg' 16.7 0.0 03 0.0
Enchelyopus cimbrius

Sandlance Ammodytes spp. 16.7 10.0 0.3 10.0
Silver Hake

Merluccius bilinearis 0.0 100 0.0 10.0

2 Percent frequency of occurrence (FOO) among samples
b Relative read abundance

DISCUSSION

Using molecular tools, we identified prey taxa consumed by a
vagrant RBTR in two of the 17 years this individual was present
at Seal Island, Maine. We identified six fish species present in the
RBTR’s diet, with Atlantic Mackerel and Atlantic Saury forming
the majority of its diet, both in terms of frequency of occurrence
and relative read abundance. DNA from fish prey were identified
in most fecal samples examined, whereas we detected no DNA
from likely invertebrate prey sources. Researchers noted a single
squid beak at the RBTR roost site during sample collection (KCY,
personal observation). However, such hard parts may persist for
extended periods of time (Furness et al., 1984), so we were unable
to determine if this was consumed during our study or not.

The species composition of the Seal Island RBTR’s diet differed
greatly from that reported in other published studies on RBTR diet.
Most previous studies have sampled birds from breeding colonies
at lower latitudes, and to our knowledge, none have documented
RBTR consumption of any of the six fish species detected in
this study. While dietary overlap is frequently described strictly
in taxonomic terms, trait-based approaches can add valuable
ecological context (Spitz et al., 2014).

The prey types consumed by the Seal Island RBTR have many physical
and functional similarities to those consumed by RBTRs elsewhere. For
instance, although two of the fish families most commonly consumed
by RBTRs in the tropics—Exocoetidae (flyingfishes) and Belonidae
(needlefishes)—are largely absent from the Gulf of Maine, the Seal
Island RBTR fed heavily on fish taxa with similar lifestyles and body
shapes (Castillo-Guerrero et al., 2011; Collette & Klein-MacPhee,
2002; Madden et al., 2022). These results suggest a preference for
elongate, schooling fishes living near the sea surface in stratified,
offshore waters. Moreover, these fishes are often driven to the surface
by sub-surface predators, such as marine mammals or tuna, which
RBTR in the tropics are known to forage in association with (Orta et
al., 2020; Spear & Ainley, 2005). This combination of traits makes
these prey taxa readily accessible to RBTRs, which are highly pelagic
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Fig. 2. Fish prey detected in Red-billed Tropicbird Phaethon aethereus fecal samples (n = 16), displayed as the relative frequency of

occurrence and the relative abundance of DNA reads.

and capture prey during shallow plunge dives (Castillo-Guerrero et
al., 2011). Although the prey targeted by the Seal Island RBTR may
differ in species composition from prey that tropicbirds take elsewhere,
many shared traits and functional similarities make saury and mackerel
logical alternatives to traditional tropicbird prey.

Interestingly, saury and mackerel occur infrequently (typically
< 1%, by number) in the diets of Atlantic Puffins, terns, and other
seabirds regularly monitored at Gulf of Maine colonies (Kress
et al., 2016; Yakola et al., 2022; but see Kennerley et al., 2024).
Therefore, we consider it likely that the RBTR was foraging in
different areas than other Seal Island seabirds. In the Gulf of
Maine, both saury and mackerel commonly feed in relatively warm,
offshore waters (Collette & Klein-MacPhee, 2002; Radlinski et
al., 2013), possibly beyond the more limited foraging ranges of
chick-rearing terns and puffins. Notably, the Seal Island RBTR and
Northern Gannets Morus bassanus in Newfoundland consumed
many of the same prey species (Montevecchi, 2007), allowing us to
speculate that these two pelagic plunge divers may have foraged in
similar habitats, perhaps in association with subsurface predators.
Remarkably, despite the RBTR’s regular presence at Seal Island

over many years, and frequent pelagic birding trips in the area, there
are no recorded observations of the RBTR actively foraging, further
suggesting that such behavior occurred far offshore.

As this study involved a single individual, the scope of inference
is naturally very limited. Our sample collection began more
than a decade after this individual was first documented in
the Gulf of Maine, so we cannot determine how it initially
reacted to its unfamiliar environment. We also acknowledge certain
methodological limitations of our work. As in most metabarcoding
studies, secondary ingestion—whereby the food items consumed by
prey could be detected in a predator’s feces—may have impacted
our results. Larger size classes of Atlantic Mackerel prey on smaller
fishes, and it is conceivable that some fish DNA in RBTR feces
may be attributable to secondary ingestion. However, this is likely
only the case for those taxa with comparatively low relative read
abundance and is therefore unlikely to impact our identification of
major prey types (Clucas et al., 2024; Kennerley et al., 2024).

Additionally, while all samples included in this study represent
unique fecal deposits, prey DNA can persist in the digestive tracts
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of some seabirds for multiple days (Deagle et al., 2010). It is
therefore possible that some prey DNA persisted in the RBTR’s
gastrointestinal system long enough to appear in multiple fecal
deposits, meaning that our samples may not all be truly independent.
These are valid concerns, although we believe any effects on our
results were likely minimal, given the general similarity of the
RBTR’s diet across years.

Our results suggest that the Seal Island RBTR was capable of locating
suitable prey resources despite major differences in the marine
communities of the Gulf of Maine and the Caribbean. The regular
occurrence of this individual over 17 consecutive years also suggests
it was able to locate suitable prey consistently in the Gulf of Maine,
despite significant environmental variability during this period (Balch
et al., 2022). During our study, sea surface temperatures in one year
(2021) were notably warmer than the other, breaking many regional
records (Gulf of Maine Research Institute, 2021). We observed the
absence of cold-adapted Atlantic Herring Clupea harengus (Rose,
2005) in the RBTR diet during the warmer year, yet saury and
mackerel—more typical of warmer waters—occurred in both. This
individual, therefore, was able to locate suitable prey during two
years of variable ocean conditions. This is encouraging because
many seabird populations will likely face changing prey communities
due to climate change-mediated range shifts and the formation of
no-analog marine communities (Pandolfi et al., 2020).

It is interesting to consider what would have happened had a
suitable mate appeared at Seal Island at least once between 2005
and 2021. The apparent availability of suitable prey, along with the
RBTR’s regular occupation of a nest-like rock crevice, suggests that
breeding may have been possible. While Veit (1988) argued that an
environmental limiting factor (rather than limited dispersal ability)
likely prevents RBTR from breeding in the Gulf of Maine, prey
availability in this case did not appear to be a constraint. Ultimately,
however, researchers on Seal Island never observed a second
tropicbird, and the vagrant individual has not been observed since
August 2021, eliminating the possibility of RBTR range expansion
into the Gulf of Maine, at least for now. Nevertheless, our results
demonstrate that RBTRs can successfully feed on novel prey types
analogous to familiar ones, illustrating the adaptive potential of far-
dispersing seabirds.
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