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ABSTRACT: The Great Shearwater (Puffinus gravis) is an abundant pelagic seabird that
undertakes transequatorial migrations between the North and South Atlantic Ocean. This species
is a useful indicator of large-scale alterations in marine dynamics due to its wide geographic range,
long-distance migrations, and relative abundance. From 1993 to 2011, 12 separate mortality
events, with 4,961 Great Shearwaters recovered, were documented along the eastern coast of the
United States. Of these, seven events (n=4,885) occurred in the Southeast (SE) and five (n=76) in
the Northeast (NE) United States. The cause of death was determined either by necropsy (n=60)
or external examination (n=4,901). All Great Shearwaters stranded along the SE United States
were emaciated while 58% were emaciated in the NE United States. No plastic was observed in
Great Shearwaters in the SE US (n=27), but the gastrointestinal tract of 82% (n=27) of all
stranded birds along the NE United States had at least one plastic bead. There was no evidence of
infectious disease or heavy metals in stranded Great Shearwaters examined (n=14, from the 2005
SE event). Stable isotope analysis of feathers (n=9, from a 2007 SE event) suggests dietary
differences between emaciated stranded birds and live-caught healthy birds. The temporal
distribution of stranding detections suggests a general increase in the number of observed Great
Shearwater strandings over the past two decades. From 1993 to 2000 there were a total of three
mortality events with 296 individual Great Shearwaters. However, there was a threefold increase in
the number of mortality events from 2001 to 2011 (nine events involving 4,665 individuals). The
causes of this apparent increase in strandings are unknown but may be due to an increase in
reporting effort over the past two decades combined with changing oceanographic conditions in
the South Atlantic Ocean, leading to large-scale mortality of emaciated Great Shearwaters along
the east coast of the United States.

Key words: Bycatch, emaciation, Great Shearwater, infectious disease, mortality event,
Atlantic Ocean, plastics, stranding.

INTRODUCTION breeding pairs of Great Shearwaters
(Brooke, 2004a). Following the breeding
Shearwaters (Puffinus spp.) are among season, adults and juveniles migrate to the
the most widespread, abundant seabirds on  Northern Hemisphere to feed primarily on
the world’s oceans (Brown et al., 1978). The  fish, krill, and squid in the pelagic North
Great Shearwater (Puffinus gravis), a com-  Atlantic Ocean during the boreal summer
mon pelagic species, undertakes transequa- (Ronconi et al., 2010a). The Great Shear-
torial migrations that encompass both the water is a useful indicator species for
northern and southern Atlantic Oceans monitoring large-scale marine dynamics of
(Brooke, 2004b). Both breeding and nesting  the pelagic Atlantic due to its widespread
occur in the Southern Hemisphere during use of Atlantic Ocean basins, long-range
the austral summer, with over five million migrations, and relative abundance.
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Seabirds, especially pelagic species such
as the Great Shearwater, are affected by
dynamic oceanographic conditions, in-
cluding equatorial fronts, currents, sea
surface temperature and salinity, and
oceanographic parameters that affect the
distribution and abundance of phytoplank-
ton and plankton (Ballance et al., 2006).
Changes in these oceanographic parame-
ters potentially alter the life history and
health of pelagic seabirds. Inclement
weather events, such as hurricanes (Bu-
goni et al., 2007), as well as harmful algal
blooms (Jessup et al., 2009), may result in
increased pelagic seabird strandings along
the associated coasts. Stranding events of
pelagic seabirds, as with marine mammals,
provide an opportunity to assess mortality,
population threats, and stressors of species
that are normally difficult to observe
(Norman et al., 2011). Investigations of
such strandings typically emphasize the
geographic extent of the mortality as well
as the demographic trends of affected
species (Work and Rameyer, 1999). Lee
(2009) suggested that the increased num-
bers of Great Shearwater strandings are
related to changing oceanographic condi-
tions. However, there are scant scientific
data to support this hypothesis.

Another potential agent of mortality in
the North Atlantic is fishing gear. Birds
entangled and drowned in fishing gear
(considered “bycatch™) are presumed
healthy because they were incidentally
killed while actively foraging (Hamel et al.,
2009). This is in contrast to stranded birds,
which are often diseased, emaciated, or
have suffered traumatic injuries and are
thus considered unhealthy (Lee, 2009).
We examined 18 yr (1993-2011) of
stranding data to assess trends in Great
Shearwaters stranding and bycatch events
along the eastern coast of the United
States. We also compared feather stable
isotope signatures between healthy and
stranded (n=9, 2007 SE stranding event)
Great Shearwaters in the North Atlantic.
Based on the data, we suggest a correla-
tion between the foraging ecology of Great
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Shearwaters in the South Atlantic prior
to migration and mortality in juveniles
stranded in the past decade along the
shores of the western North Atlantic.

MATERIALS AND METHODS

Stranding data were obtained from the
Seabird Ecological Assessment Network
(SEANET) database (Harris et al., 2006), the
Southeastern Cooperative Wildlife Disease
Study (SCWDS), the National Wildlife Health
Center (NWHC), the Georgia Sea Turtle
Center, and the South Carolina Department
of Natural Resources (SCDNR). All data
originated either as official stranding and
necropsy reports or observations made by
state and federal officials during a given
mortality event. All reports from the above-
mentioned agencies were cross-referenced to
ensure that a single event or mortality was not
counted multiple times and that there were no
overlapping data.

Data were compiled into a single database,
and the mortality of each individual was
defined as either a stranding or bycatch (due
to fishing gear) and assigned an event number
based on the time of occurrence (single
season) and location. An event was defined
as Great Shearwater strandings or bycatch
mortalities that occurred in a geographic
location (Southeast [SE]; Northeast [NE])
within a single season (spring=March 22—June
21; summer=]June 22-September 21; fall=
September 22-December 21; or winter=De-
cember 22—-March 21); bycatch and stranding
events were each analyzed separately. There
were 12 separate stranding events over the
past 18 yr. The general category of mortality
for stranding events was determined based on
gross observation and included emaciation,
trauma, oiling, and undetermined. Cause of
death determined by necropsy included the
above categories as well as foreign body,
infectious diseases such as West Nile virus,
Newcastle disease, and avian influenza, and
heavy metals. Note that drowning as a cause of
death was determined at time of death, by
visual observation of the drowned bird entan-
gled in fishing gear, and not via necropsy or
histopathologic examination. Body condition
score on animals not necropsied was based on
palpation of muscle mass along the vertebrae,
ventral abdomen, and the keel using an ordinal
scale: 1=emaciated; 2=thin; 3=normal; 4=
overweight; 5=obese.

Stranding events were categorized by geo-
graphic region as NE or SE, as delineated by
the most eastern point of Massachusetts,
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approximately at latitude 41°N (Fig. 1). This
geographic division was chosen for oceano-
graphic and biologic reasons. Cape Cod,
Massachusetts represents an inflection point
of the Gulf Stream in the Atlantic Ocean; areas
south of this location are typically character-
ized by the warm-water influence of the Gulf
Stream while the cold, temperate waters of the
Gulf of Maine characterize areas north of
41°N (Mann, 1967). For the Puffinus species,
there is an ecologic difference between the
NE and SE, delineated approximately at 41°N
(Hedd et al., 2012); south of this latitude the
birds are migrating and not foraging, while
north of 41°N they have entered their boreal
summer foraging grounds. The proportion of
birds in each mortality category was determined
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for the SE and NE by dividing the number of
birds observed or necropsied in the specific
category by the total number of birds stranded
in the geographic region (NE or SE).

Sixty necropsies were conducted on strand-
ed or bycaught birds between 2004 to 2011
(NE=33, SE=27); during this time period at
least one Great Shearwater was necropsied for
each individual stranding event, as defined in
this paper, in the NE and SE. No necropsies
were conducted on Great Shearwaters that
stranded either in the NE or SE between 1993
to 2003. Trained veterinarians associated with
Cummings School of Veterinary Medicine at
Tufts University or SCWDS conducted all
necropsies. Gastrointestinal contents were
thoroughly analyzed using sieves to separate
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Locations and numbers of stranded Great Shearwaters (Puffinus gravis) along the eastern coast

of the United States, 1993-2011. Division between northeast and southeast regions occurs at latitude 41°N,
approximately at the most southeastern point of Massachusetts.
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and identify contents at the time of necropsy.
Ancillary tests for West Nile, avian influenza,
and Newcastle disease viruses were performed
on brain tissue and tracheal/cloacal swabs from
14 birds necropsied during the SE mortality
event in 2005 (n=1,668). Toxicology screen-
ings for heavy metal (arsenic and lead),
organochlorine, and polychlorinated biphenyls
(PCB) were performed on liver and renal
tissues from the same 14 birds. Ancillary tests
were performed at SCWDS as previously
described (Stallknecht et al., 1990; Gibbs et
al., 2005 ). Body condition score, based on the
ordinal scale of one to five, was determined on
necropsy by the degree of atrophy of pectoral
muscles, presence/absence of subcutaneous or
coelomic fat, and presence/absence of and/or
serious atrophy of cardiac fat along the
coronary groove. Due to the relatively small
number of birds necropsied, these data were
analyzed and presented separately from
stranded birds generally observed. The pro-
portion of birds from each geographic region
(NE and SE) with specific necropsy findings
was determined by dividing the number of
necropsied birds within a category by the total
number of birds necropsied in that region. Age
was determined at necropsy or general obser-
vation and was based on plumage.

To examine potential associations between
Southern Hemisphere foraging conditions and
stranding events, the diets of stranded birds
(n=9 from a June 2007 stranding event in
Florida) were compared to apparently healthy
birds that had recently completed their
northward migration in 2006, 2007, and 2008
to the Bay of Fundy, Canada (Ronconi et al.,
2010a). Diets were assessed by carbon (8'3C)
and nitrogen (8""N ) stable isotope analysis of
ventral body feathers. 3N values represents
relative foraging trophic levels, while 313C
values are associated with specific prey sourc-
es. With seabirds, carbon isotope signatures
can be used for assessing general shifts in
dietary source from inshore to offshore areas
(Hobson et al., 1994) as well as assessment of
specific prey species consumed (Ronconi et
al., 2010a). Isotopic signatures of feathers
reflect the diet at the time of feather growth;
therefore, it is important to understand the
timing of molt. Great Shearwaters molt wing
feathers in the western North Atlantic be-
tween May and August (peak in June; Brown,
1988), and body feather molt may occur
simultaneously during wing molt (Ginn and
Melville, 1983), although other shearwater
species (Calonectris diomedea) show peak
body molt in adults during chick-rearing
periods (Ramos et al., 2009). Thus, stable
isotope signatures from ventral body feathers
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may represent diets during some unknown
portion of the year, but likely from late chick
rearing (April/May in Great Shearwaters) to
the time of sampling. Stranded birds sampled
in mid-June were compared to live-caught
birds sampled in late July (Ronconi et al.,
2010a), thus maximizing the overlap in sam-
pling times and minimizing bias associated
with continuous body feather molt during the
nonbreeding period. Surface contaminants
and oils were removed by soaking feathers in
a 2:1 chloroform:methanol solution for 24 hr,
followed by rinsing with the same solution, air
drying, and cutting into small fragments with
stainless steel scissors. Isotope analyses were
performed as previously described (Ronconi et
al., 2010a). Generalized linear models were
conducted to compare isotope signatures
between groups (stranded vs. live caught)
using the statistical software package IBM
SPSS Statistics (Armonk, New York, New
York, USA).

RESULTS

Twelve stranding events, in which 4,961
stranded Great Shearwaters were identi-
fied, occurred along the eastern coast of
the United States from 1993 to 2011
(Fig. 1). The number of Great Shearwa-
ters stranding reported per year to the
agencies included in the present study has
increased since 1993. From 1993 to 2000,
there were three mortality events with 296
individual birds collected compared with
2001-2011, during which there were nine
mortality events involving 4,665 birds
(Table 1). This latter period involved
seven stranding events (n=4,885) in the
SE and three events (n=76) in the NE.
Age classes were determined from a
subset of these strandings and revealed
that most stranded Great Shearwaters
were juveniles (47% in the NE, n=33,
and 79% in the SE, n=27), as determined
by feather plumage at necropsy. Tissue
samples from 14 birds stranded in the SE
in 2005 were tested for Newcastle disease,
West Nile virus, and avian influenza. All
results were negative. Heavy metal, organo-
chlorine, and PCB analyses on liver and
kidney tissues from the same 14 birds failed
to yield significant results. The most com-
mon cause of death for Great Shearwaters
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TABLE 2.

JOURNAL OF WILDLIFE DISEASES, VOL. 49, NO. 2, APRIL 2013

Cause of death (number and percentage of total in region) of Great Shearwaters (Puffinus gravis)

along the east coast of the United States (n=4,961), 1993-2011.

Gross observations

Necropsy

Cause of death Northeast (n=43)

Southeast (n=4,858)

Northeast (n=33)  Southeast (n=27)

Fishing gear entanglement NA?®
Trauma 0
Oiled 1)
Emaciation 25 (58)
Foreign body NA
Infectious NA
Unknown 17 (40)

NA 22 (67) NA

0 0 0

0 0 0
4,858 (100) 7 (21) 27 (100)

NA 1(3) 0

NA 0 0

0 3(9) 0

* NA = not applicable.

stranded over the past 18 years was
emaciation (Table 2).

Necropsy findings of stranded Great
Shearwaters (n=60) also indicated geo-
graphic differences (Table 3). Plastics of
various sizes and shapes were found in the
ventriculus of 82% (n=27) of necropsied
Great Shearwaters associated with mor-
tality events, either stranded or bycaught,
in the NE (n=33). No plastics were found
on necropsy from Great Shearwaters
(n=27) stranded in the SE.

The most common histologic lesions
observed in the stranded birds examined
from the SE (n=27) included pododer-
matitis (n=4), enteritis (n=4), gastritis
(n=2), pneumonia (n=2), and hepatitis
(n=3; Table 3). Each case of pododerma-
titis was characterized grossly as 0.25- to
0.5-cm-diameter raised nodules on the
plantar surface of one or both feet;
histopathologically the pododermatitis
was marked, acute, multifocal, necrotizing
and heterophilic. The pododermatitis in
all cases was consistent with trauma and
secondary infection. The cases with gas-
tritis were moderate to severe, acute with
multifocal lymphoplasmacytic, histiocytic,
and heterophilic infiltrates and serositis.
Cases of enteritis were characterized by
severe emaciation with moderate to severe,
subacute, perivascular lymphoplasmacytic
enteritis. The lungs from animals diag-
nosed with pneumonia were grossly wet
and heavy; on microscopic examination
they were lacey, pale, with eosinophilic

material (presumably edema), and moder-
ate infiltrates of hetrophils and red blood
cells. Cases of hepatitis were characterized
as mild, chronic, and multifocal, with
periportal lymphoplasmacytic infiltrates.
Comparisons of body feather stable
isotopes should be interpreted carefully
as we are comparing results from only
nine birds stranded in one mortality event
in the SE in 2007 to healthy adult Great
Shearwaters that successfully completed
their northward migration in 2006-2008
(Ronconi et al., 2010a). Stable isotope

TasLE 3. Secondary findings unrelated to cause of
death of Great Shearwaters (Puffinus gravis) along
the east coast of the United States. Numbers (and
percentages) of birds necropsied by region (total
n=60) from 1993 to 2011. Histopathology was not
performed on birds necropsied in the Northeast.
Some birds had multiple histopathologic findings.

Northeast Southeast
(n=33) (n=27)
Parasites 7 (21) 10 (37)
Cestodes 6 (85) 9 (90)
Nematodes 1 (14) 2 (20)
Lice 0 4 (40)
Plastics 27 (82) 0
Infectious disease NA® 0
Histologic lesions NA 13 (48)
Pododermatitis 4 (31)
Enteritis 4 (31)
Gastritis 2 (15)
Pneumonia 2 (15)
Hepatitis 3 (23)
Other 3 (23)

* NA = not applicable.
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values among groups (stranded vs. live
caught; Table 4) had significant differenc-
es among 313C values (analysis of variance
[ANOVA], Fj45=7.03, P=0.001) but not
8'°N values (Fs345=0.73, P=0.538). §'°C
values were lowest in stranded birds
compared to live-caught birds in all other
years (Tukey’s post hoc test: 2006, P=
0.005; 2007, P<<0.001; 2008, P=0.085). It
should be noted that without a prey library
for comparison, lower 313C can only be
interpreted to mean “different” prey
sources because 8'°C can vary by prey
species, inshore-offshore gradients, and
over large spatial scales in oceans. Among
the birds sampled for stable isotopes, mass
(mean=*SD) varied significantly between
stranded birds (45828 g, excluding one
individual of 836 g) and live-caught birds
(2006=906+44, 2007=844+128, 2008=
845+92; ANOVA Fj 45=28.72, P<0.001).
Thus, stranded birds were emaciated and
had different dietary stable isotope signa-
tures than live-caught, healthy individuals.

DISCUSSION

We present a retrospective analysis of
18 yr of stranding records for Great
Shearwaters. There has been an increase
in survey and monitoring effort over the
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past two decades; therefore, there may be
unpredictable variation in the reporting of
strandings due to different surveillance
efforts and potential bias from the differ-
ent observers involved with the NWHC,
SCWDS, SCDNR, and SEANET. These
variations might result in an increased
detection over 18 yr, not an actual increase
in numbers of stranding events (or birds)
over that time period. However, monitor-
ing and observation efforts for stranding
events have been equal and consistent
between geographic regions (NE and SE)
since 2004. Despite these limitations,
these data are an invaluable indicator of
historic stranding levels for pelagic sea-
birds, such as the Great Shearwater, and
may lead to an improved ability to detect
an increase in stranding events along the
east coast of the United States.
Collectively, our data indicate that
emaciation was the most common and
consistent finding among stranded Great
Shearwaters, especially those stranded
along the SE coast of the United States.
The average body mass of Great Shear-
waters in good body condition sampled as
part of a different study in the North
Atlantic, prior to the southward migration,
was 908 g (n=328; Ronconi et al., 2010a).
When arriving at the breeding grounds

TasLE 4. Comparison of stable carbon (8"3C) and nitrogen (8'°N) isotope signatures from ventral body
feathers of Great Shearwaters (Puffinus gravis) stranded in Florida (22-26 June 2007) and live-caught birds
sampled in the Bay of Fundy (late July 2006 to 2008).

3'%C 3'°N
Year and test Condition n Mass (g), mean*=SD Mean SD Mean SD

2006 Live caught 11 906+44 —16.8 1 16.1 1.7
2007 Live caught 20 844+128 —16.6 0.7 16.3 1.7
2007 Stranded 9 458*+28 —18.1 1.1 16.3 1.1
2008 Live caught 12 845+92 —17.2 0.7 15.6 1
ANOVA

F34s 28.72 7.03 0.73

P value <0.001 0.001 0.538
Post hoc tests®

(results P<<0.1) 2007 .<other yr 2007, <other yr NA®

* Mean value excludes one individual of mass 836 g.

* Post-hoc test uses 2007str as the contrast group against which other groups are compared.
Y STR refers to stranded birds.

¢ NA = not applicable.
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after southward migration, the average
weight of Great Shearwaters was previously
determined as 761 g (n=36; Cuthbert,
2005). The stranded Great Shearwaters in
our study that were deemed emaciated had
an average body mass of 460 g (+/—69.6 g;
n=25), while those that drowned in fishing
gear in the NE had an average body mass of
853 g (+/—141.5 g; n=26). All weights
presented here were from nonmolting
Great Shearwaters. The average body mass
of the stranded Great Shearwaters was
significantly less than that of healthy
individuals that made successful migrations
between the North and South Atlantic
(Cuthbert, 2005; Ronconi et al., 2010a),
supporting the diagnosis of cause of death
as emaciation. The specific cause(s) of the
severe emaciation in migrating Great
Shearwaters remains unknown. Based on
the data presented here, mortality due to
infectious disease, heavy metals (arsenic
and lead), organochlorines or PBCs can be
ruled out for one major stranding event
(n=1,668) in the SE in 2005. We hypoth-
esize that the emaciation in the stranded
Great Shearwaters is the result of starva-
tion. In some years poor foraging condi-
tions in the South Atlantic, prior to
northward migration, may be responsible
for lack of body reserves required to
complete the long-distance migration.
Such conditions may be particularly detri-
mental to young, inexperienced birds (i.e.,
subadults) and contribute to the high
stranding rates of emaciated juvenile Great
Shearwaters along the east coast of the
United States during migratory periods.

In the South Atlantic, breeding Great
Shearwaters forage as far as 4,000 km
away from their colonies in diverse marine
habitats, including deep pelagic waters, con-
tinental shelf and slope waters, subtropical
frontal zones, and the Subantarctic Front
(Ronconi et al., 2010b), indicating adaptable
foraging strategies of these birds to a wide
range of oceanographic conditions. How-
ever, prior to northward migration, most
Great Shearwaters reduce their forage area,
focusing over the Patagonia Shelf (Ronconi,
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unpubl. data). While the Patagonian Shelfis
typically considered highly productive,
pending physical oceanographic parameters
such as upwelling and current shifts,
productivity may be reduced in March and
April (Rivas et al., 2006), when the Great
Shearwaters would be focusing their forag-
ing in this area. Therefore, foraging re-
stricted to the Patagonia Shelf may not
consistently provide adequate food for
accumulation of body reserves prior to
migration, especially in juvenile Great
Shearwaters. The mechanisms driving the
variability in prey availability for Great
Shearwaters prior to migration are unknown
but may be related to changing oceano-
graphic conditions. Other shearwater spe-
cies are known to forage within the polar
front, where oceanic upwelling occurs and
results in the accumulation of prey species;
however, alterations in weather and physical
oceanographic parameters may change
these foraging zones and result in increased
energy expenditures needed to reach these
areas (Raymond et al., 2010). Similar
mechanisms may ultimately decrease the
foraging success of juvenile Great Shearwa-
ters (Lee, 2009), contributing to increased
numbers of emaciated birds stranded along
the SE coast of the United States as they
undertake northward migration.

The stable isotope analysis comparing
the dietary signatures of stranded vs. live-
caught (healthy) birds suggests that
stranded, emaciated birds fed at a similar
trophic level (8'N) but on different prey
sources (8'3C) than those of apparently
“healthy” live-caught birds that completed
migration to the Bay of Fundy. We
sampled body feathers, which in some
shearwater species are thought to molt
primarily during chick rearing (Ramos
et al.,, 2009) and during subsequent
nonbreeding periods (Ginn and Melville,
1983). The timing of feather growth and
observed differences in dietary signatures
combined indicates a dietary dissimilarity
in ingested prey between the apparently
healthy live-caught and dead stranded
Great Shearwaters. These data do not
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provide an indication of prey quality,
although they do indicate that the birds
that survive the northward migration have
been foraging on different prey items in
the southern Atlantic Ocean than those
that do not survive the northward migra-
tion. Thus, we hypothesize that prey
choices in the Southern Hemisphere prior
to migration may influence the outcome of
Great Shearwater northward migrations.
However, the interpretation of these
stable isotope data should be treated with
caution since this assessment is based on
samples from a single stranding event and
information on premigratory prey avail-
ability and quality, which would impact
the development of body reserves neces-
sary for long-distance migrations, are
lacking.

Of the Great Shearwaters stranded in
the NE, 29% (22/76) were entangled and
drowned in fishing gear. These birds were
of comparable body mass to other healthy
Great Shearwaters in the same geographic
area (Cuthbert, 2005; Ronconi et al.,
2010a). Interestingly, 82% of Great Shear-
water carcasses necropsied from strand-
ings in the NE had plastic in their
gastrointestinal tract, yet no plastic was
observed in the unhealthy, stranded Great
Shearwaters in the SE United States. This
may indicate that these birds ingest plastic
as they forage in the northern North
Atlantic. While plastic has been found in
the proventriculus and ventriculus of
Great Shearwaters in the western North
Atlantic (Brown et al., 1981; Pierce et al.,
2004), this is the first study to show a
specific geographic distribution of plastics
in the gastrointestinal tract of individuals
foraging in the southern and northern
portions of the western North Atlantic.
Free-floating plastics are well documented
in the North Atlantic subtropical gyre
(Lavender-Law et al., 2010; Moret-Ferguson
et al., 2010), supporting the hypothesis that
Great Shearwaters may be exposed to
plastics while foraging in more northern
latitudes of the North Atlantic. However,
there is currently no information regarding
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gastrointestinal transit time for foodstuff or
plastics in pelagic seabirds. It is feasible that
Great Shearwaters ingest plastic in the
southern Atlantic prior to northward migra-
tion; plastics were found in 95% of 21 adult
females sampled during incubation on
Gough Island in the South Atlantic (Ryan
et al., 1988). It should also be noted that the
birds stranded in the SE United States were
primarily juveniles while those in the NE
United States were a mix of adults and
juveniles: the young birds may not have
foraged in as many areas as adults and
therefore not encountered plastics while
foraging. Alternately, foraging strategies or
targeted prey specific to adults may predis-
pose them to increased encounters with
plastics.

Overall, there has been an increase in
reported Great Shearwater mortality
events over the past two decades. It
cannot be ruled out that this increase in
reports is due to an increased awareness,
communication, and reporting between
the involved agencies and the develop-
ment of networks such as SEANET. In the
1990s only three events involving 296
stranded birds were reported. In contrast,
from 2001 to 2011 a total of nine mortality
events with an estimated 4,665 stranded
Great Shearwaters were reported. This
threefold increase in stranding events may
be the result of increasing monitoring
efforts over the past 20 yr but may also
indicate a broad trend in pelagic bird
mortality (Newman et al., 2007). The
increase in mortality events involving
Great Shearwaters correlates with high
numbers of other species of emaciated or
starved seabirds stranded along the east
coast of the United States. The specific
cause of the emaciation or starvation
among Great Shearwaters and other
pelagic bird species (Newman et al.,
2007) is unknown but may be related to
changing environmental conditions (New-
man et al., 2007; Raymond et al., 2010),
food sources (Raymond et al., 2010), or
underlying and undiagnosed infectious
diseases.
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The Great Shearwater, like many pe-
lagic seabirds, serves as a useful indicator
of oceanic health. It is thought that,
similar to other shearwater species (Hedd
et al., 2012), Great Shearwaters do not
forage during their transequatorial
(>15,000 km), 3-wk migration between
the South and North Atlantic. Therefore,
the observed increase in emaciated juve-
niles stranded along the east coast of the
United States may indicate that these
birds are not in sufficient body condition
prior to their northward migration in
April/May. This poses the question of
whether the foraging success of juvenile
Great Shearwaters is impaired in the
South Atlantic. Are oceanographic condi-
tions along the Patagonia Shelf changing
such that the Great Shearwaters are not
meeting their foraging needs and thus do
not accumulate the nutritional reserves
necessary to make the long-distance mi-
gration between the South and North
Atlantic Ocean?

Long-term and collaborative data col-
lections and analyses of mortality data
improve our understanding of the threats
to pelagic seabirds, marine wildlife con-
servation, and overall ecosystem health
(Newman et al., 2007). The multi-institu-
tional, interdisciplinary data set presented
here raises, rather than answers, questions
about seabird mortality. Future research
efforts with more thorough investigations
of oceanic conditions will aid in the
development of a predictive model for
large-scale changes in the pelagic marine
ecosystem and lead to improved manage-
ment of fragile marine ecosystem health.
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