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A B S T R A C T

Plastic pollution is increasing in our oceans, and while exposure is also increasing in many wild species, there are 
exceptions. Understanding which species are at risk is therefore important to identifying conservation priorities 
and responding to the pollution crisis. Here, we document ingested plastics in Kermadec Petrels (Pterodroma 
neglecta) on uninhabited Henderson Island and Oeno Atoll in the remote South Pacific and compare our results 
with historical data. While sample sizes are limited, the data suggests plastic ingestion has remained consistent 
over >30 years, with 23.1% of fledglings (n = 13) sampled in 2025 containing small quantities of plastics (mean 
± SD: 0.0113 ± 0.0061 g, median pieces 2.0). These data contrast with plastic ingestion records for other closely 
related species in the region, suggesting Kermadec Petrels can selectively avoid consuming plastic, or forage in 
locations with lower plastic densities, and are therefore at less risk of exposure.

Pollution of the marine environment with plastic debris is increas
ingly recognised as an environmental crisis that poses significant haz
ards to coastal habitats and aquatic wildlife (Lavers et al., 2022; Persson 
et al., 2022). The scale of the problem, however, may be greater than 
many realise with plastic transport from land to sea (i.e., leakage) being 
up to nine times larger than current estimates (Sonke et al., 2025) and 
the cellular level consequences of plastic and associated chemical 
exposure being poorly documented (de Jersey et al., 2025b; Monclús 
et al., 2025). However, few places are untouched by this issue, with 
species and habitats in some of the remotest corners of our planet also 
being the most heavily impacted by plastic accumulation. For example, 
in the Indian Ocean, millions of shoes, toothbrushes, fishing buoys, and 
cigarette lighters accumulate in such densities that sunlight and rainfall 
patterns are altered for the beach sediments (Lavers et al., 2021a).

The ingestion of plastics by marine wildlife, including turtles, 
whales, sharks, seabirds, and fish, has been well documented over many 
decades (Gall and Thompson, 2015). However, as most studies are of 
limited duration, many aspects of the plastic ingestion issue remain 
poorly resolved. For example, data on intensively monitored species 
indicate ingestion levels are typically increasing over time (Campbell 
et al., 2025; Collard et al., 2022; Lavers et al., 2021b), but these studies 
are largely focused on a handful of seabird species (Pollet et al., 2026). 

For most other species, including those in remote areas where plastic has 
been shown to accumulate, ongoing sampling and contemporary data 
are not available (e.g., Berr et al., 2020; de Jersey et al., 2025a).

Gadfly petrels (genus Pterodroma) are among the most threatened of 
all seabirds (Rodríguez et al., 2019). Despite this, there is a lack of basic 
demographic, distribution, and threat data for many Gadfly species 
(Rodríguez et al., 2019). Kermadec Petrels (Pterodroma neglecta (Schle
gel, 1863)) are an excellent example of this. While the species breeds 
throughout the tropical and subtropical Pacific, many populations are 
poorly studied (Carlile and O'Dwyer, 2023; Marín et al., 2020) with data 
on foraging ecology, including the ingestion of plastic, being particu
larly limited or outdated (Table 1; except see Halpin et al., 2022). While 
plastic ingested by Kermadec Petrels has been investigated historically, 
the data are more than 30 years old (Table 1) and there is no information 
on the most at-risk age class, nest-bound fledglings. Here we describe the 
type and quantity of plastic ingested by Kermadec Petrel fledglings on 
Henderson Island and Oeno Atoll; two remote, uninhabited islands 
located in the Pitcairn Islands Marine Protected Area.

1. Methods and results

We sampled Kermadec Petrels on Henderson Island (− 24.37, 128.33; 
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n = 1; 15 September 2025) and Oeno Atoll (− 23.92, 130.74; n = 11; 
16–17 September 2025) in the remote Pitcairn Islands, South Pacific 
(Fig. S1). Birds were captured by hand, placed in a breathable cotton 
bag, and measured by the same experienced person (JLL) using a spring 
scale (±1 g), stopped ruler (±1 mm) and callipers (±1 mm). Mean 
fledgling mass (± SD) across both sites was 507 ± 88 g (Table S1), and 
most birds had <20% down cover remaining (i.e., were approaching 
fledging; Fig. S2).

Ingested plastics (>1 mm) within the proventriculus were retrieved 
using stomach flushing (lavage; see Lavers et al., 2014 for a detailed 
description of the methodology). Recovered plastic items were visually 
identified, then dried, counted, weighed (± 0.0001 g), photographed, 
and sorted into colour and type categories (e.g., resin pellets, fragments) 
according to Lavers et al. (2021b) and Provencher et al. (2017). As the 
recovered plastics were > 1 mm (see below), they were able to be reli
ably distinguished from non-plastic particles using visual criteria (e.g., 
colour, shape; Song et al., 2015; Xiang et al., 2022).

Across both sites, fledglings contained between 0 and 2 pieces of 
ingested plastic (mean ± SD: 1.67 ± 0.58 pieces) that weighed 
0.0000–0.01838 g (mean ± SD: 0.0113 ± 0.0061 g), with an overall 
frequency of occurrence of 23.1% (Tables 1 and 2). No pumice (or other 
stones) was detected in the birds. In total, five small fragments (i.e., 
microplastics with a maximum length of 2 mm) were recovered; white 
was the most common colour (n = 4; 80%) followed by blue (n = 1; 20%; 
Fig. 1).

2. Discussion

Recent insights from intensive, long-term studies suggest the amount 
of ingested plastic in many seabirds is trending upwards (e.g., Campbell 
et al., 2025; Trevail et al., 2015), with unique and often unpredictable 
patterns across members of the same species (Lavers et al., in review). 
Despite this knowledge and evidence of plastic exposure in Kermadec 
Petrel adults and chicks dating back more than 30 years (Table 1), follow 
up studies for this species have been lacking – until now.

In 1991, a study of Gadfly petrel diet on Henderson Island found 

plastics in 26% of Kermadec Petrels (Imber et al., 1995). While direct 
comparisons are difficult due to lack of clarity around which age class 
was sampled in 1991 (see Table 1), our 2025 data suggest the proportion 
of birds consuming plastic (23%) has remained steady over the past 
three decades (Table 1). Though small quantities of ingested plastic can 
be detrimental to wildlife health by causing organ damage and other 
negative effects (Lavers et al., 2019; Rivers-Auty et al., 2023; Walton 
et al., 2025), the relatively low exposure over many decades suggests 
Kermadec Petrels are less prone to consuming plastic compared with 
Christmas Shearwaters (Puffinus nativitatis) breeding in the same region 
(68% of fledglings sampled in 2024 contained ~3.8 pieces of ingested 
plastic per bird; Lavers and Bond, 2024). While our sample size is 
relatively small (n = 13), our results agree with data for other Gadfly 

Table 1 
Summary of plastic ingestion records for Kermadec Petrels. FO = frequency of 
occurrence, N/R = not reported.

Age Location Dates Sample 
size (n)

FO Source

Adults and 
subadults

eastern 
equatorial 
Pacific

1987–1988 8 0.000 Ainley 
et al. 
(1990)

Mixed age, 
mostly 
chicks

Henderson 
Island & Ducie 
Atoll, Pitcairn 
Islands group

31 Jul - 2 
Aug 1991

27 0.259 Imber 
et al. 
(1995)

N/R eastern & central 
tropical Pacific

1984–1991 11 0.000 Spear 
et al. 
(1995)

Fledglings Henderson 
Island, Pitcairn 
Islands group

Sep 2025 1 1.000 This 
study

Oeno Atoll, 
Pitcairn Islands 
group

Sep 2025 12 0.167 This 
study

Table 2 
Plastic ingestion for Kermadec Petrel fledglings from Henderson Island (n = 1) 
and Oeno Atoll (n = 2) in September 2025. FO = frequency of occurrence. Values 
reported as Mean ± SD.

Plastic number Plastic mass (g)

Site Mean Median Mean Median

Henderson Island 2.0 N/A 0.0184 N/A
Oeno Atoll 1.5 ± 0.71 1.5 0.0078 ± 0.0004 0.0078

Fig. 1. Size and colour of the ingested plastic fragments recovered from three 
Kermadec Petrel fledglings (K1, K7, and K10) on Henderson Island and Oeno 
Atoll in September 2025.
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petrels with this group of birds typically having lower levels of plastic 
ingestion compared with shearwaters (de Jersey et al., 2025a; Rodríguez 
et al., 2019). The reasons for this are unclear, but exposure is likely to be 
influenced by differences in each species' preferred prey, with more 
selective species less likely to consume plastic (Caldwell et al., 2020). 
Foraging location likely also plays a role as the density of plastic varies 
across the surface of the ocean (Clark et al., 2023). Similar patterns have 
been observed for Australian shearwaters, with the more northerly 
feeding Wedge-tailed Shearwater (Ardenna pacifica) consuming sub
stantially less plastic than Sable Shearwaters (A. carneipes), despite the 
two species breeding sympatrically (de Jersey et al., 2025b; Lavers et al., 
2018).

Our results for Kermadec Petrels also contrast with plastics data for 
the closely related Murphy's Petrel (Pterodroma ultima) with 43% of 
birds on Henderson Island containing plastic in 1991 (Imber et al., 1995) 
and Christmas Shearwaters from nearby Ducie Atoll where 68% of 
young birds had ingested plastic (Lavers and Bond, 2024). A recent 
analysis of plastic ingestion in 230 seabird species suggests, for species 
with little or no ingested plastic data, it is reasonable to infer exposure 
based on what is reported for closely related species due to consistencies 
in diet, feeding mechanism, and body size (Potapova et al., in review). 
While sample sizes are small, the data for Kermadec Petrels, Murphy's 
Petrels and Christmas Shearwaters suggest this may not be true for all 
species, with regular monitoring required to detect inter-annual, inter- 
specific, or unexpected changes.

Regular monitoring, and the application of many complex sampling 
methods, will be an ongoing challenge in the South Pacific due to the 
limited time available on such remote islands and lack of access to 
specialised equipment. Plastic identification trials, such as those by 
undertaken by Song et al. (2015) and Xiang et al. (2022), therefore 
provide valuable guidance on when less sophisticated approaches (e.g., 
visual identification of particles as opposed to spectral analysis) can be 
used to generate robust data. In our study, all plastics recovered from 
Kermadec Petrels were > 1 mm and clearly distinguishable from non- 
plastic particles by experienced analysts based on established visual 
criteria consistent with those described in the microplastics identifica
tion literature (Song et al., 2015; Xiang et al., 2022). Thus, while both 
the historical and contemporary data are limited for Kermadec Petrels 
(both in number of birds sampled and particles recovered), this likely 
reflects the true low abundance of plastics in birds from this rather than 
a methodological limitation.

Within the Pitcairn Islands Marine Protected Area (MPA), Kermadec 
Petrels are the only Pterodroma found breeding on all four of the islands 
(Pitcairn, Oeno, Ducie, and Henderson). Monitoring of this species 
therefore provides an opportunity to assess patterns across the entire 
MPA and identify areas that may experience higher pollution-based 
pressure. Virtually all of the plastic found on beaches, and by exten
sion, the waters of the Pitcairn group originates elsewhere (Benton, 
1995; Lavers and Bond, 2017), therefore the solution to Pitcairn's 
pollution woes rests on decisions made by communities and govern
ments elsewhere. With the Global Plastics Treaty negotiations stalled 
(Guo and Hu, 2025), it seems the birds and beaches are destined to suffer 
increasing plastics for years to come.
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Paiva, V.H., Pala, D., Pereira, J.M., Péron, C., Petry, M.V., de Pina, A., Pina, A.T.M., 
Pinet, P., Pistorius, P.A., Pollet, I.L., Porter, B.J., Poupart, T.A., Powell, C.D.L., 
Proaño, C.B., Pujol-Casado, J., Quillfeldt, P., Quinn, J.L., Raine, A.F., Raine, H., 
Ramírez, I., Ramos, J.A., Ramos, R., Ravache, A., Rayner, M.J., Reid, T.A., 
Robertson, G.J., Rocamora, G.J., Rollinson, D.P., Ronconi, R.A., Rotger, A., 
Rubolini, D., Ruhomaun, K., Ruiz, A., Russell, J.C., Ryan, P.G., Saldanha, S., Sanz- 
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Sastre, D., Vidal, E., Wakefield, E.D., Waugh, S.M., Weimerskirch, H., Wittmer, H.U., 
Yamamoto, T., Yoda, K., Zavalaga, C.B., Zino, F.J., Dias, M.P., 2023. Global 
assessment of marine plastic exposure risk for oceanic birds. Nat. Commun. 14, 
3665.

Collard, F., Bangjord, G., Herzke, D., Gabrielsen, G.W., 2022. Plastic burdens in Northern 
Fulmars from Svalbard: Looking back 25 years. Mar. Pollut. Bull. 185, 114333.

Gall, S.C., Thompson, R.C., 2015. The impact of debris on marine life. Mar. Pollut. Bull. 
92, 170–179.

Guo, J., Hu, R., 2025. The plastics treaty: steps forward, agreement deferred. Front. Mar. 
Sci. 12.

Halpin, L.R., Mott, R., Clay, T.A., Humphries, G.R.W., Chatwin, T.A., Carlile, N., 
Clarke, R.H., 2022. Predicting the foraging habitats of sympatrically breeding Gadfly 
petrels in the South Pacific Ocean. Front. Mar. Sci. 9.

Imber, M.J., Jolly, J.N., Brooke, M.d.L., 1995. Food of three sympatric Gadfly petrels 
(Pterodroma spp.) breeding on the Pitcairn Islands. Biol. J. Linn. Soc. 56, 233–240.

de Jersey, A.M., Bond, A.L., Lavers, J.L., 2025a. Strength in numbers: Combining small 
pockets of opportunistic sampling for Australian seabird plastic ingestion. Mar. 
Pollut. Bull. 214, 117757.

de Jersey, A.M., Lavers, J.L., Bond, A.L., Wilson, R., Zosky, G.R., Rivers-Auty, J., 2025b. 
Seabirds in crisis: a proteomic exploration of multi-organ failure and cell lysis. Sci. 
Adv. 11, eads0834.

Lavers, J.L., Bond, A.L., 2017. Exceptional and rapid accumulation of anthropogenic 
debris on one of the world’s most remote and pristine islands. Proc. Natl. Acad. Sci. 
114, 6052–6055.

Lavers, J.L., Bond, A.L., 2024. Beyond the surface: seabirds and plastics as indicators in a 
large, remote marine protected area. Mar. Pollut. Bull. 205, 116574.

Lavers, J.L., Bond, A.L., Hutton, I., 2014. Plastic ingestion by Flesh-footed Shearwaters 
(Puffinus carneipes): implications for chick body condition and the accumulation of 
plastic-derived chemicals. Environ. Pollut. 187, 124–129.

Lavers, J.L., Hutton, I., Bond, A.L., 2018. Ingestion of marine debris by Wedge-tailed 
Shearwaters (Ardenna pacificus) on Lord Howe Island during 2005-2018. Mar. Pollut. 
Bull. 133, 616–621.

Lavers, J.L., Hutton, I., Bond, A.L., 2019. Clinical pathology of plastic ingestion in marine 
birds and relationships with blood chemistry. Environ. Sci. Technol. 53, 9224–9231.

Lavers, J.L., Auty, J., Bond, A.L., 2021a. Plastic debris increases circadian temperature 
extremes in beach sediments. J. Hazard. Mater. 416, 126140.

Lavers, J.L., Hutton, I., Bond, A.L., 2021b. Temporal trends and interannual variation in 
plastic ingestion by Flesh-footed Shearwaters (Ardenna carneipes) using different 
sampling strategies. Environ. Pollut. 290, 118086.

Lavers, J.L., Bond, A.L., Rolsky, C., 2022. Far from a distraction: plastic pollution and the 
planetary emergency. Biol. Conserv. 272, 109655.

Lavers, J.L., de Jersey, A.M., Rivers-Auty, J., Bond, A.L., in review. Abrupt recent 
increases in plastic ingestion by Sable Shearwaters (Ardenna carneipes). Earth's Futur.
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