
Plastic vs. Prey: 

Do Wedgie Chicks on Oahu 

Prefer Plastic?
Data from Chicks Born in 2009 and 2010 



Why is this important? 

Wedge-Tailed Shearwaters as Bioindicators

 Reflect growing rate of plastic pollution in world ocean

 Incidence & mass ingested by seabirds can be compared with 

environmental benchmarks, for example:

 Tristram Storm-Petrel Chicks in French Frigate Shoals, 

Northwestern Hawaiian Islands

 Ingested plastic within most abundant size class (~1-5 mm) 

on surface of ocean 

→ Chicks can provide samples for monitoring trends in 

floating plastic at sea (Youngren et al., 2018)



Seabirds as Bioindicators: Other Benefits

 Northern Fulmars & Tristram’s Storm-Petrels – Indirectly 

indicate plastic debris levels without expense and logistics 

of directly measuring oceanic plastic 

(Lavers et al., 2018; Ryan et al., 2009)

 Wedgies (Ardenna pacifica, ‘Ua‘u kani) – Breed throughout 

Pacific & Indian Oceans (Whittow, 1997)

 Multiple sites and robust populations

→ Study plastic ingestion with minimal disruption to Wedgies 

(Lavers et al., 2018)



Also Important:

Many Seabird Species Will Likely Have Declining Populations

Seabirds are more threatened than comparable birds, like raptors

(Kain et al., 2016; Croxall et al., 2012)

Photo: Forest & Kim Starr, USFWS; DLNR



Potential Direct & Indirect Harm or Mortality 

to Seabirds from Plastic Ingestion:

 Starvation due to Intestinal Obstruction

 Dehydration

 Digestive Tract Damage

 False Satiation

 Reduced Fitness

 Exposure to Toxins Adhered to Plastic Fragments

(Gall and Thompson, 2015; Lavers et al., 2018)



Wedge-Tailed Shearwaters: 

Foraging Risks in & Around Hawaii

 Feeding Behaviors: Surface Dipping, Pursuit-Plunging, and Scavenging 

Behind Boats (Harrison et al., 1983; Whittow, 1997; Burger, 2001) 

 Elevate Risk of Encountering Floating Marine Debris, like Plastic

(Verlis et al., 2018) 

 Hawaiian Islands: Proximity to North Pacific Subtropical Gyre & 

Subtropical Convergence Zone Adds Risk of Exposure to Plastic

(Howell et al., 2012; Verlis et al., 2018)

 Kauai: 2007-2014, Plastic was Found in Digestive Tracts of ~77% of 

Fledglings Necropsied



Goals & Hypotheses
 Goal: Investigate vulnerability of wedgie chicks to plastic marine debris 

ingestion

 Hypotheses:

 Plastic/number of fragments in proventriculus suggests plastic/number of 

fragments in gizzard

 Plastic mass in proventriculus is related to plastic mass in gizzard

 Incidence (presence) and number of squid beaks in proventriculus is related 

to incidence and number of squid beaks in gizzard

 Plastic fragments and squid beaks may affect each other within the 

proventriculus and/or gizzard

 Plastic and squid ingestion may have been affect by 2009 El Niño and 2010 La 

Niña



Chicks

 On Oahu in 2009 (70 chicks) and 2010 (72 chicks)

 142 total chicks

 All had flown from colony

 Soon found, brought to Sea Life Park when ~3-4 months 

old

 Possibly injured, disoriented by lights, out of habitat, 

born physically compromised, ill from disease, or dead, 

died, or euthanized at Sea Life Park

 Necropsied at HPU or Oceanic Institute



4 Types of Plastic →

4 Categories of Plastic Debris

1.Fragments: Hard, mostly from unidentifiable 

larger objects 

2.Sheet: Plastic bags, for example

3.Threadlike: Rope, netting, for example

4.Foam: Styrofoam, for example

• Only Fragments were counted (for abundance)

• Total Mass included all 4 types/categories



Statistical Analyses Using R
 Chi-square:

 Plastic & squid beak incidence in each stomach compartment

 Results pending for incidence of plastic & squid beaks for each year (2009, 2010)

 Logistic regression: 

 Future use for incidence of plastic and incidence/number of squid beaks in 
stomach compartments

 Test of impact of plastic incidence and number of fragments in proventriculus on 
incidence of plastic in gizzard was successfully run; results were insignificant

 Pearson’s correlation: 

 Number of fragments (abundance) & squid beaks in each stomach compartment

 Mass of plastic in each stomach compartment

 Linear regression:

 Fragment & squid beak abundance in proventriculus & gizzard

 Paired t-test:

 Plastic mass in both stomach compartments of individual birds



Summary of Plastic Results

 Incidence of plastic (any type): Similar to Kauai study (2007-2014) 

results:

 72.5% of Oahu WTSH chicks

 76.9% of Kauai WTSH chicks

 Incidence of plastic was higher in gizzard (88.3%) than in 

proventriculus (50.5%)

 On average, higher number of fragments in gizzard (mean = 1.53) than 

in proventriculus (mean = 1.04; includes a potential outlier, so 

average may be even lower)

 Medium to large correlation between number in gizzard & proventriculus

 Mass of plastic (any type) in proventriculus (M = 0.0264 g) similar to 

mass of plastic in gizzard (M = 0.0218 g)



Summary of Squid Beak Results

 Squid beaks in 97.9% of WTSH chicks

 Shearwaters may indirectly consume plastic from some squid 
species

 Squid may secondarily ingest plastic by eating fish who ingested 
plastic

 Incidence of squid beaks in gizzard (97.8%) was higher 
than in proventriculus (76.3%) 

 Abundance of squid beaks in gizzard (range 0-274; M = 
73.7, SD 62.9) was higher than in proventriculus (range 0-
228; M = 17.8, SD 36.5)

 Median was also higher in gizzard (59.5) than in proventriculus 
(2.5)



Next Steps

 Logistic regression (or another analysis) to further 

investigate possible interact of squid beaks in stomach 

organs and their impact on each other

 Further investigate oceanographic impacts, e.g., on 

foraging and plastic intake

 Chi-square: 2009 and 2010 results

 El Niño and La Niña impacts

 Continue habitat restoration and public education to minimize 

potential sources of harm to Wedgies and their (and our) 

marine environment



Example of graph (log scale)

References provided in paper


