OVERVIEW: DEVELOPING ECOSYSTEM METRICS
FOR PLASTIC INGESTION BY HAWAIIAN SEABIRDS
K. David Hyrenbach1,2, Michelle M. Hester1,
Shannon Lyday², Sarah Youngren², Daniel Rapp²
Matthew Dwyer², Elizabeth Robinson², Paula
Hartzell3, Meg Duhr-Shultz3, Michael Fry3
1 Oikonos Ecosystem Knowledge;
2 Hawai’i Pacific University;
3 U.S. Fish and Wildlife Service

Funding:

Widespread Plastic Ingestion by Seabirds

Hawaii

Wilcox et al., 2015

Birds of the Northwest Hawaiian Chain

Breeding Community: 19 species in 5 feeding guilds
Sampling: 16 species salvaged for plastics ingestion study

Plastic Incidence in Tern Island Seabirds

11 of 16 species contained plastic in upper digestive tract

Differential Incidence by Age Classes
(Adults / Juveniles / Chicks)

Species with at least 8 individuals sampled
(A: adult, I: immature, C: chick; B: both adult / immature)

Wide Variety of Plastic Types / Sizes

Plastic Incidence by Feeding Guilds
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Plastic Incidence by Feeding Guilds
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Distinctive Tuna-Bird Assemblage

WTSH dominant constituent of multi-species seabird feeding flocks.
Associated with subsurface predators (skipjack tuna, aku).

Hebshi
et al. 2008

Wedge-tailed Shearwater
Range and Breeding Locations
• Widely distributed across
the tropical and subtropical
Pacific and Indian Oceans.
• Numerous and easily
sampled (colonies / fallout).
• Plastic ingestion rates and
loads can provide data on
plastic distributions over
distinct time / space scales.
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Plastic at Sea in 5 Gyres

Hawaii

Wilcox et al., 2015

WTSH Plastic Studies (O’ahu, MHI)

WTSH Plastic Ingestion (O’ahu, MHI)
• Plastic Incidence (%) in breeding adults did not
differ significantly between 1984 and 2014
• Plastic Incidence (%) in chicks (2009-10) and
after-hatch-year birds (2010-15) not different

WTSH as Indicators of Regional Plastic
Plastic ingestion by chicks indicative
of local plastic distributions, within
the foraging range of adults (< 200
km from breeding colonies – from
gps tracking study: See link here).
Plastic ingestion by non-breeding
adults indicative of regional
(< 500 km) plastic distributions,
since tropical breeding populations
probably non-migratory.

http://www.worldseabirdconference.com

S20 Impacts of Marine Debris

•

S20.2 Developing an Ecosystem Metric for Plastic Ingestion with Wedge-tailed
Shearwaters (Puffinus pacificus)

•

Michael Fry¹, Shannon Lyday², Elizabeth Robinson², Mathew Dwyer², Michelle Hester³, K. David
Hyrenbach²,
¹US Fish and Wildlife Service, ²Hawaii Pacific University, ³Oikonos Ecosystem Knowledge

•
•

Wedge-tailed Shearwaters (Puffinus pacificus) were salvaged from O'ahu, Hawai'i to investigate the
relationship of diet and condition to plastic ingestion. Necropsies were performed on 143 chicks; 70
from 2009 and 73 from 2010. Morphometric measurements, plumage characteristics, condition, and
health were determined for nestlings. Principal Components Analysis was utilized to determine the
relationship of nine individual characteristics. The first two axes explained 98.9% of the variation;
percent down (indicative of age) had the strongest loading on PC1 whereas condition (amount of fat)
and weight were the most important variables on PC2. Correlations were found between the PC axes
and plastic and squid occurrence. On a subset of birds (25 per year), detailed analyses of
proventiculus and gizzard contents were performed. 78% of shearwater nestlings contained plastic.
All six types of plastic were documented; fragments constituted the largest proportion of incidence,
followed by line and sheet. There was no correlation between plastic amount and year for 2009 and
2010; however nestlings had more plastic in the proventriculus (average of 4.1 fragments, mean
weight 0.106g) than in the gizzard (average of 2.9 fragments, mean weight 0.033g). The
proventriculus of one bird contained 42 fragments. All birds contained squid beaks, and their
abundance varied significantly by year (p < 0.001). with higher numbers in 2009. More recent
analyses of adult shearwaters (2010-2014) have also revealed high plastic incidence, with an increase
from historical samples collected 30 years ago in O'ahu: plastic incidence was 60% in 1984 (20 birds
captured live) and 71% in 2014 (28 salvaged birds killed by predators). Together, these results
underscore the value of Wedge-tailed Shearwaters as bio-indicators of plastic pollution.
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S20.12 Plastic ingestion by tern island seabirds: a community-wide perspective
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We used standardized necropsies to assess the current status of plastic ingestion (incidence
and loads) by seabirds breeding at French Frigate Shoals (FFS), Northwestern Hawaiian
Islands (NWHI), and to investigate impacts of this pollution on focal species with high
incidence rates. Between 2006 and 2013, we opportunistically sampled 350 specimens of 16
species: 233 specimens (66.6%) and 11 species (68.7%) had ingested plastic. While only one
species represented a new record of plastic ingestion (the Brown Booby Sula leucogaster), we
also documented this pollution in 10 other species, where plastic ingestion had been
previously documented previously (1980s - 1990s). These species were very diverse,
belonging to 7 families and 4 orders, and representing 5 distinct feeding guilds: albatrosses,
tuna birds, nocturnal petrels, plunge divers and frigatebirds. Plastic ingestion also varied
greatly within species, when individuals of different age classes were compared. In particular,
chicks had significantly higher incidence rates and loads of ingested plastic, than conspecific
adults. The highest incidence rate (100 %) was observed in 60 Tristram's Storm-petrel
(Oceanodroma tristrami) chicks and 5 Bonin Petrel (Pterodroma hypoleuca) chicks. Laysan
(Phoebastria immutabilis) and Black-footed (Phoebastria nigripes) Albatross also had high
incidence rates (> 50% in adults, > 90% in chicks). Together, these data confirm that plastic
ingestion is pervasive and affects a wide range of species breeding in Tern Island.
Nevertheless, field-based observations of chicks of two focal species with high levels of
ingestion (Tristram Storm-petrel, Laysan Albatross) did not reveal significant correlations
between their body condition and growth rates and their plastic loads sampled via necropsy.

