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Summary

We report the non-breeding range of an adult Rapa Shearwater Puffinus myrtae, as estimated
from data collected by one light logger deployed from 31 August 2019 to 22 July 2020. The Rapa
Shearwater is classified as “Critically Endangered”, with a strong decline in breeding numbers
reported recently. As the species is threatened by various introduced mammals on the breeding
colonies, the main objective of this tracking essay was to identify the oceanic regions where the
birds forage during the non-breeding season. The non-breeding range of this bird was located
south-east of Rapa Island, where fishery activities are limited. The conservation efforts for the
Critically Endangered Rapa Shearwater should first focus on securing mammal-free sites for
breeding colonies.

Introduction

The Rapa Shearwater Puffinus myrtae (Bourne 1959) has a tiny breeding population restricted to
a few islets off Rapa Island (27°35’S, 144°20’W), and maybe Marotiri (85 km south-east of Rapa;
Gaskin 2007), within the Austral Islands (Eastern Polynesia, South Pacific). There are very few
at-sea observations, all off Rapa Island and Marotiri rocks, for example, in October–November
2019 and 2021 (Flood et al. 2021). In October 2021, H. Tanoi and S. Tanoi (personal commu-
nication) observed few individuals and only adults off Rapa, despite this being the typical fledging
period for the species. An isolated report off Tahanea Island, Tuamotu, in March 2003
(VanderWerf et al. 2006) does not include a formal description of the observed bird to assess
the identification (Flood and Zufelt 2021). Breeding at Rapa Island is seasonal, adults attend
burrows from April to chick fledging in mid-November (Holyoak and Thibault 1984). If the
population size was estimated at 250–360 pairs from surveys conducted in 1974 (Thibault and
Varney 1991), recent estimates are dramatic, and the population today is severely reduced, with
only 18 breeding pairs detected on Rapa Iti in 2019 (Thibault and Withers 2019), and only eight
occupied burrows in July 2022 (Withers et al. 2023). This count was not exhaustive and some
more pairs probably subsist on the islet or on other remote places on the island. The Rapa
Shearwater is therefore listed as “Critically Endangered” (BirdLife International 2024) and its
drastic decline is presumably related to the presence of introduced mammals, including chick
predation by Pacific rats Rattus exulans (Withers et al. 2023), cat predation, and grazing of
breeding slopes by goats (Thibault and Varney 1991).

Fisheries bycatch is also a potential issue affecting the species at sea, so that a better knowledge
of the oceanic regions visited by the Rapa Shearwater is needed to test further this hypothesis (for
other Puffinus species see Hatch et al. 2016; Uhlmann et al. 2003). In the context of an endemic
tubenose species critically facing extinction, it was decided to track the year-round distribution of
the species, to identify the oceanic regions where they exploit marine resources, then to assess the
potential changes and challenges they might face there. Indeed, unravelling the at-sea distribu-
tion of such seabirds is crucial for their conservation. Bird remote tracking has been used first in
large tubenoses (Jouventin and Weimerskirch 1990), but now the miniaturisation of embarked
technologies allows the tracking of even the smallest species (e.g. storm-petrels; Militão et al.
2022). Given the critical status of Rapa Shearwater, and its small size and body mass, we decided
to deploy light loggers fixed on a leg ring, expected to limit the long-term impact on birds (Kim
et al. 2014), to collect light intensity data, and to reconstruct the distribution of the returning birds
whose tags could be retrieved. We present here the analysis of data collected by a single light
logger to document the at-sea distribution of an adult Rapa Shearwater during a complete non-
breeding season.
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Methods

Deploying tags

In August 2019, 10 light loggers (Intigeo W65-A9-SEA from
Migrate Technology, see www.migratetech.co.uk) recording light
intensity at five-minute intervals were deployed on adult shear-
waters captured in their burrow on Rapa Iti. Tags were clamped on
to a plastic ring placed on the bird’s tibia, altogether weighing 1.2 g,
representing less than 0.6% of a bird’s body mass (average body
mass mean ± SD = 210 ± 20 g for 15 adults weighed during the
breeding season at Rapa). One tag was retrieved the following year
and delivered useful data. The carrying adult bird was caught in a
burrow on 31 August 2019, then recaptured in the open nearby the
burrow of the previous year on 22 July 2020. Another individual
wearing a logger was spotted on 1 August 2020 but could not be
captured. DIREN (the local environmental authority) authorised
the study (decree n°010978/MCE/ENV).

Light data analyses

We followed the guidelines of Lisovski et al. (2020) to perform the
light data analyses. First, we used a threshold method to identify
sunrise and sunset events with the R package “TwGeos” (Lisovski
et al. 2015). In this step, we looked for errors on twilight events that
we manually corrected when necessary. Days spent in the burrow
(complete darkness during the day) were easily identified from
visual inspection of raw light data and were used to delineate the
non-breeding period (see Supplementary material Figures S1 and
S2). We quantified the error distribution of sunrise/sunset times by
using twilights from a known location (i.e. the location where
the bird had been tagged: -27.61, -144.36). More specifically, we
used the periods between 23 September and 5 October and
between 1 March and 2 March as calibration periods. The two
periods were chosen from visual inspection of the deviation of raw
light data from the expected sunrise and sunset times at the deploy-
ment site (see Figure S1). we used the getElevation function from
the “GeoLight” package to perform the calibration, following the
guidelines of Lisovski et al. (2020).

Then, we used the group model of the package “SGAT”
(Wotherspoon et al. 2016) to estimate geographical positions.
The groupmodel uses known stationary periods to estimate a single
location from multiple twilight events. First, we used the change-
light function from the package “Geolight” (Lisovski and Hahn
2012) to separate periods of residency from periods of movement,
based on changes in sunrise and sunset times. The function uses the
difference in day length to estimate movement periods given a
change probability q. Due to the high sensitivity of changelight
function to data quality, we ran the analyses with different param-
eters. We fixed a minimum stationary period of three days and
tested a probability of change (q) of 0.7, 0.8, and 0.9. The identified
stationary periods were then merged using the function mergeSites
from the “Geolight” package (Lisovski and Hahn 2012). We fixed
the first and last location as known locations (i.e. the deployment
site) and first ran a modified Gamma model (relaxed assumptions)
for 1,000 iterations to initiate the model, before running the model
with final priors (three runs of 300 iterations). Finally, the model
was run for 2,000 iterations to ensure convergence.

Fishing effort

We downloaded daily fishing effort for the period 2018–2020 from
the global fishing watch database (Kroodsma et al. 2018). Each daily

data file contains a list of cells at a 10th degree resolution with the
fishing hours that occurred per day in each cell. We estimated the
number of days of fishing activity over the period 2018–2020 in
each cell of the grid when the fishing hours for a day was greater
than 0.

Results

Breeding season and burrow attendance

Visualising light-intensity data collected by the logger allows the
identification of the day spent in the dark, e.g. in a burrow, by
the shearwater (see Figure S2). Days in a burrow are inferred by the
absence of light in a 24-hour period. The bird stayed never more
than two consecutive days in a burrow, so did not incubate an egg
in 2020. The first day in a burrow occurred on 4 March 2020, then
days spent in a burrow were: 12 and 13 March, 31 March, 19 April,
5 and 6 May, 17 and 18 May, 29 and 30 May, 8 and 9 June, 19 June,
and 19 July. With 15 days spent in a burrow during five months
(March–July), the bird visited the islet on average once every
10 days.

Non-breeding range

The regions of highest presence probability during the non-
breeding season were concentrated between 140°W and 120°W in
longitude, and 30°S and 45°S in latitude, so 1,000–2,000 km south-
east of the breeding site on Rapa Island (Figure 1A). The at-sea
occurrence also evolved during the non-breeding season, being
concentrated around Rapa Island inOctober, and being the furthest
south-east in January (Figure 1B). Three modelled paths over the
non-breeding period estimated with different values of probability
of change (q) are presented in Figure S3. The map of fishing
activities in the region is presented in Figure S4.

Discussion

Having deployed 10 loggers on adult shearwaters visiting a breeding
colony, one might have expected more than one logger to be
retrieved. A second equipped bird was observed but could not be
recaptured, resulting in a detection rate of 20%. This is low for a
long-lived seabird but can be explained by the very low burrow
occupancy since 2020 on Rapa Iti with nomore than eight occupied
burrows (Withers et al. 2023). Moreover, access to Rapa Island was
difficult and reduced during the COVID pandemics, and access to
Rapa Iti is constrained by meteorological conditions during the
breeding season. Finally, the data collected by the retrieved logger
attested that the returning adult did not breed in 2020, but attended
the colony, with visits occurring every one to four weeks. Hence, the
probability that a tagged bird and a scientist do meet on the islet
should not be far from 20%. We therefore do not consider that
tagging had a notable impact on the fate, survival or breeding
capability of the birds. The non-breeding range reported here is
therefore highly dependent on the single tracked individual, though
we considered it was worth publishing the information, given the
critical conservation status of the species. Observed results should
however be confirmed by further tracking of a few individuals.

Tubenoses worldwide face a variety of threats, including histor-
ical and traditional harvest, introduced mammals, fisheries-related
mortality, and disease (Dias et al. 2019). The monitoring on the few
breeding sites frequented by the Rapa Shearwater at Rapa Island
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identified several threats impacting directly the breeding perform-
ance of the species: free-ranging goats were grazing on breeding
islets, while Pacific rats were present with confirmed chick preda-
tion (Withers et al. 2023). However, the goats were removed
between 2019 and 2021 and rat eradication was implemented
in 2023 on themain breeding islet of Rapa Iti and Tauturou. Success
of this operation is not yet known and will be checked mid-2025.
The Polynesian Ornithological Society SOP Manu and BirdLife
International also plan to remove rats from Karapoo Rrahi

(another breeding site for the Rapa Shearwater). However, a more
thorough feasibility plan with rope-climbing is needed before car-
rying out this project. A remaining important topic for fighting the
imminent extinction of the species is to evaluate the risk faced at sea
and linked to potential fisheries-related mortality, which was the
objective of the present study.

Among petrels and shearwaters breeding in the South Pacific
many have been tracked with light loggers. All tracking studies
illustrated that these tubenoses move to predictable prey patches

Figure 1. Non-breeding ranges of a tracked Rapa Shearwater Puffinus myrtae equipped on Rapa Iti. In (A), the blue colour represents the 50% probability distributions of location
estimates derived from geolocator analysis using SGAT (the darker areas represent higher probability distribution). In (B), the grey line represents a possible modelled path of the
bird outside the breeding season. The coloured dots represent the median position of stationary periods of at least three days estimated with the changelight function from the
package “Geolight” (with q = 0.8, see Methods for details).
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around physical oceanographic features such as shelf- and ice-edges
and upwellings (Weimerskirch 2007), where humans also gather to
exploit marine resources, fisheries being particularly active and a
potential threat as bycatches. Sooty Shearwaters Ardenna grisea
from New Zealand move to the northern hemisphere (Shaffer et al.
2006). In the temperate South Pacific, Gould’s Petrels Pterodroma
leucoptera leucoptera from Australia, P. leucoptera caledonica from
New Caledonia, and Pycroft’s Petrel P. pycrofti from New Zealand
all disperse northwards to the equatorial Pacific (between 20°N and
20°S), from March to November (Rayner et al. 2016). Murphy’s
Petrels Pterodroma ultima from Henderson Island move to the
North Pacific (mainly north of 40°N) during the non-breeding
season (Clay et al. 2017). The Black-winged Petrel Pterodroma
nigripennis is another summer-breeding gadfly petrel of the South
Pacific moving to the northern hemisphere to winter (Rayner et al.
2023). On Rapa Island, it occupies the same burrows as Rapa
Shearwater but during the austral summer. Westland Petrel Pro-
cellaria westlandica fromNewZealand is the only tracked species to
move eastwards towards the south Chilean waters (Landers et al.
2011). In this context, the south-eastwards move of the tracked
Rapa Shearwater appears original, while the oceanic region
exploited by this individual during the non-breeding season in
not concerned by noticeable fishery activities. Further tracks are
needed before considering that fisheries-related mortality is not a
threat for the Critically Endangered Rapa Shearwater. Meanwhile,
we advise that conservation efforts should first focus on securing
mammal-free sites for breeding colonies.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0959270924000182.
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