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ABSTRACT

Méndez, M. A., Luna, N., & Luna-Jorquera, G. (2026). The Peruvian Diving Petrel Pelecanoides garnotii bounces back: A 300-fold
population increase on Choros Island, Northern Chile. Marine Ornithology, 54(2), 467-473. http://doi.org/00.0000/0000-0000.00.0.0000

The Peruvian Diving Petrel Pelecanoides garnotii experienced a dramatic population decrease from an estimated 100,000 breeding pairs in
the early 20th century to just 300 pairs by 1980. Since the 1990s, conservation efforts have promoted a remarkable recovery. We updated
population estimates on Choros Island, the species’ primary breeding site, through a census conducted in November 2024. We estimated
89,876 breeding pairs (95% CI: 80,952-98,800), representing a 7.5-fold increase since 2013 and a 300-fold recovery over 44 years. The
expansion of breeding habitat and consolidation of nesting patches reflect successful long-term conservation measures, particularly habitat
protection and eradication of European Rabbit Oryctolagus cuniculus. This recovery demonstrates the critical value of sustained, multi-
decade conservation strategies for threatened seabird populations. However, proposed mining and port development adjacent to the island

would undermine this recovery and reverse decades of progress.
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INTRODUCTION

Over recent decades, global seabird populations have decreased
substantially, resulting from multiple anthropogenic stressors,
including exotic species introductions at breeding sites, fisheries
bycatch, pollution, and habitat degradation (Dias et al., 2019).
Given these challenges, habitat restoration—particularly the
recovery of breeding sites—has emerged as a critical conservation
priority, with systematic population monitoring proving essential
for tracking recovery trajectories (Dunn et al., 2024). The Peruvian
Diving Petrel Pelecanoides garnotii, a species endemic to the
Humboldt Current System, exemplifies the value of implementing
such interventions. Historically, various anthropogenic disturbances
have directly impacted the breeding sites of this species throughout
its distribution in Chile. These include nest damage caused
by unrestricted human transit within breeding islands, guano
extraction, harvesting of adults and eggs, light pollution (Cristofari
etal.,2019), and introduction of invasive mammals such as European
Rabbits Oryctolagus cuniculus (introduced to Choros and Chafaral
islands) and foxes Lycalopex culpaeus or L. griseus (introduced
to Chafiaral Island; Araya & Duffy (1987), as Canis culpaeus or
C. griseus, respectively). These pressures had severe consequences.
The largest colony on Chanaral Island, once estimated at over
100,000 breeding pairs, was completely extirpated (Araya & Dulffy,
1987). According to Araya & Duffy (1987), European Rabbits
were introduced to nearby Chafiaral Island in the 20th century
and were likely brought to Choros Island around the same period,
causing severe habitat degradation on both islands. However, no
data exist for the population prior to rabbit introduction; the earliest
available estimate, from 1980, reported only around 300 breeding

pairs (Ferndndez et al., 2019), and it remains unknown whether
the population was stable or already decreasing at that time. As a
consequence of the decrease in numbers of breeding colonies in
both Peru and Chile, the Peruvian Diving Petrel was classified as
Threatened in 1988 (BirdLife International, 2020). More recently,
the species has been downlisted to Near Threatened, reflecting
population recovery, although its breeding colonies remain highly
localized and vulnerable (BirdLife International, 2020).

Currently, four Peruvian Diving Petrel breeding colonies are known
in Chile: Grande de Atacama Island, Pan de Azicar Island, P4jaros
Il Island, and Choros Island (see Figure 1 in Ferndndez et al., 2019).
Choros Island is recognized as the largest breeding colony of
Peruvian Diving Petrel in Chile, with 11,934 breeding pairs
estimated in 2013. This estimate represented 95% of the Chilean
population recorded that year, while the remaining 5% were
distributed across the other three islands (Fernandez et al., 2019).
Both Chaifiaral and Choros islands are of high conservation value:
Chafiaral because of its historical significance as the former largest
colony, and Choros for its current role as the species’ primary
breeding site (Ferndndez et al., 2019).

Conservation measures have progressively enhanced protection on
both islands and their surrounding waters. The Pingtiino de Humboldt
National Reserve was established in 1990 to protect the Humboldt
Penguin Spheniscus humboldti, encompassing both Choros and
Chafaral islands and indirectly benefiting Peruvian Diving Petrel
breeding sites by restricting public access (Ministerio de Mineria,
1990). Marine protection was further strengthened in 2005 with the
designation of two separate marine reserves: the Islas Choros y Damas
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Marine Reserve and the Isla Chafiaral Marine Reserve, each providing a
one-nautical-mile buffer around their respective islands (Subsecretaria
de Pesca [SUBPESCA], 2005a, 2005b). Targeted restoration actions
accomplished the successful eradication of European Rabbits from
both islands in 2013 (Island Conservation, 2014), followed by
installation of artificial nests and an acoustic attraction system on
Chafiaral Island in 2019 to promote breeding recolonization (Wolf
& Vilches, 2024). Most recently, the “Archipiélago de Humboldt”
Multiple-Use Conservation Area was established in 2023, expanding
marine and coastal protection to over 574,000 ha (5,740 km?) and
encompassing all eight islands of the archipelago (Ministerio del
Medio Ambiente, 2023). Despite these varied restoration approaches,
the colony on Chafiaral Island has not yet re-established to pre-
collapse levels. However, the detection of breeding pairs on the island
represents the first reproductive activity recorded on the island since
the 1980s (Wolf & Vilches, 2024). Therefore, Choros Island remains
the most important colony for the species’ recovery and serves as the
primary reference for monitoring conservation outcomes. This study
aims to provide an updated estimate of the breeding population of the
Peruvian Diving Petrel on Choros Island.

STUDY AREA AND METHODS

Choros Island is located in the Coquimbo Region, Northern Chile,
at 29°13'S and 71°31'W, and has an approximate area of 2.92 km?
(Fig. 1). The island is characterized by a Mediterranean, semi-arid
climate and a maximum elevation of 67 meters above sea level.
Most of the colony is easily accessible, except for several difficult-
to-access areas on the eastern slope characterized by loose rocks.
In this area, a total of seven patches were identified, ranging in
size from 196 to 1,290 m? and covering a total area of 3,970 m?,
equivalent to ca. 3.7% of the entire colony. Each patch contained
fewer than 20 nests located in crevices and cavities between rocks,
with a total of more than 140 breeding pairs.

To estimate the abundance of breeding pairs of Peruvian Diving
Petrel, we strictly followed the standardized census protocol
described by Ferndndez et al. (2019), which we have applied since
2010. This protocol integrates three key parameters: nesting patch
size, occupancy rate, and nest density. Fieldwork was conducted
between 08 and 12 November 2024. Patches were mapped with
a handheld GPS (Garmin GPSMAP 62), excluding difficult-to-
access areas. The perimeter of each patch was walked to delineate
its boundaries, and its area was calculated using the GPS’s built-
in area measurement function. Patches were classified as small
(< 59 m? or < 30 nests) or large (> 59 m?). In small patches, nests
were counted directly by two independent observers, and counts
were averaged when they differed by < 5%; otherwise they were
repeated. In larger patches, circular plots of 0.55 m> were used
for subsampling. After measuring the area of each nesting patch,
we established circular sampling plots at both the center and the
periphery of the patch. Count points were systematically arranged
within each patch by alternating center and periphery locations
every 20 steps until the entire perimeter was covered. The number
of sampling plots per patch ranged from six to 164, depending on
patch size. At each count point, the circular plot attached to a rope
was randomly deployed and then retrieved using the rope. This
procedure allowed us to avoid entering the patches and thus reduced
the risk of nest collapse. We used a 3-m rope for the periphery and
a 10-m rope for the center. A nest was recorded as present when
its entrance lay entirely within the boundaries of the sampling
point. This methodology minimized errors associated with double

counting and allowed calculation of 95% confidence intervals for
the population estimate. The total sampling area for each patch
was calculated by multiplying the area of the circular plot by the
number of times it was applied. The number of nests in the sampled
area was calculated by summing the counts registered every time
the plot was applied. The number of active nests for each patch was
obtained correcting for both the occupancy rate (the ratio between
active/inactive nests) and the percentage of nests with double
entrances. Nest density for each patch was obtained by dividing
the total number of corrected nests by the total sampled area. Mean
nest density and 95% confidence intervals were calculated from all
sampled patches.

To quantify the temporal trend of the Peruvian Diving Petrel
population on Choros Island, we compiled all available census
estimates of breeding pairs between 1980 and 2024 (n = 11 census
years). Because surveys were not conducted at regular intervals,
we modelled population growth using a log-linear regression
approach, which is robust to irregular sampling and has been used
to estimate finite rates of increase in seabird populations recovering
after invasive mammal eradications (Bird et al., 2024; Brooke et
al., 2018). Assuming exponential population growth, abundance at
time ¢ can be expressed as NV, = Ny - A/, where A is the finite (annual)
rate of increase. Applying natural logarithms, A was estimated from
the slope (b) of a linear regression of In(pairs) on years, as A = e’.
The corresponding annual proportional growth rate was computed
as r = (A — 1) - 100 and expressed as percent per year. The 95%
confidence intervals for A were estimated by exponentiating the
95% confidence limits of b derived from the regression.

To evaluate whether the eradication of European Rabbits in 2013 was
associated with a change in the Peruvian Diving Petrel population
trajectory, we fitted three separate log-linear models: one to the full
time series, one to the pre-eradication period (1980-2013), and one
to the post-eradication period (2013-2024); the 2013 census was
included in both partial models as the common boundary point. The
temporal trend in total nesting-patch area was tested with a robust
linear regression of total patch area against year; a robust regression
was used because of the high heterogeneity detected in the total
patch-area data. All analyses were carried out in R (R Core Team,
2024) using the base function Im() for the log-linear population
models and the rlm() function of the “MASS package” (Venables &
Ripley, 2002) for the robust regression; figures were produced with
the package “ggplot2” (Wickham, 2016).

The study was conducted under authorization from the Chilean
National Forest Corporation (CONAF; Permit No. 032/2022)
to conduct fieldwork within the reserve. Capture and handling
of wild birds were authorized by the Chilean Agricultural and
Livestock Service (SAG; Exempt Resolution No. 6906/2024). All
procedures were approved by the Scientific Ethics Committee of
the Universidad Catdlica del Norte, Coquimbo Campus (CEC UCN
Resolutions No. 16/2022 and No. 19/2024).

RESULTS AND DISCUSSION

A total of 55 patches—six small and 49 large—were georeferenced
on Choros Island, primarily on the western side of the island
(Fig. 1). Patch size ranged from 14 to 29,926 m?, with a total colony
area of 108,369 m?. Mean patch size increased from 1,743 m? (95%
CI: 827-2,659) in 2010 to 1,970 m? (95% CI: 727-3,214) in 2024,
however, this difference was not statistically significant when mean
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Fig. 1. Nesting patches of the Peruvian Diving Petrel Pelecanoides garnotii colony on Choros Island, Chile, shown in red. Records were

obtained during the spring 2024 breeding season.

patch sizes were compared on the log scale (ANOVA, F = 0.018,
p =.892). Nevertheless, total nesting-patch area increased over time
(Fig. 2). After relatively low values in 2010-2012, the total area
occupied by nesting birds more than tripled between 2013 and 2014
and continued to rise through 2024, when it reached its maximum.
This temporal increase in total colony area was statistically
significant based on a robust linear regression of total patch area
against year (p = .000).

Regarding nest occupancy, 42.4% of nests were classified as
inactive, of which 41.3% were empty, 0.4% contained a dead adult,
and 0.7% contained dead chicks. In contrast, 57.6% of nests were
active, with the highest proportion corresponding to nests with
chicks alone (17.2%), followed by nests with an adult and an egg
(16.3%), nests with only an egg (15.3%), nests with an adult and a
chick (5.4%), and finally nests with an adult only (3.4%). The higher
proportion of unhatched eggs (31.6%) compared to chicks (22.6%)
suggests that the census was conducted during an intermediate to
advanced breeding stage, when most pairs had already completed
egg-laying and a substantial proportion of eggs had hatched. Nest
occupancy and the proportion of active and inactive nests are
known to vary seasonally in species of the genus Pelecanoides
as the breeding cycle progresses, reflecting the transition from
incubation to chick rearing. In this context, the 2024 census results
were compared with those obtained in 2013, when an occupancy

rate of approximately 60% was estimated during the peak of the
breeding season in November, corresponding to an inactive nest
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Fig. 2. Temporal variation in the total area of nesting patches (m?)
of the Peruvian Diving Petrel Pelecanoides garnotii colony on
Choros Island, Chile. The number of patches (n) surveyed per year
is indicated.
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proportion of approximately 40%. This value is comparable to
the 42.4% of inactive nests estimated in 2024. Consequently, the
similar occupancy rates suggest that both censuses were conducted
at a similar temporal stage of the spring breeding cycle, minimizing
potential biases associated with survey timing and supporting direct
comparison of occupancy parameters.

The average nest density was 0.91 nests'm™?, with an occupancy
rate of 57%. Because approximately 4% of nests had two or three
entrances (Fernandez et al., 2019), we applied a correction factor
to account for multiple entrances. After correction, the average
density decreased to 0.81 nests-m and the occupancy rate to 51%.
A one sample 7-test indicated that the mean nest density in 2024
did not differ significantly from the mean of 0.89 nests-m (range
0.47-1.50 nests:-m) reported by Ferndndez et al. (2019) for the
2010-2014 period. During that period, nest density also showed no
significant temporal variation according to a general linear model
(p = .672; based on data from Table S1 in Ferndndez et al., 2019).

The current breeding population size of Peruvian Diving Petrel on
Choros Island was calculated to be 89,876 breeding pairs (95% CI:
80,952-98,800). This estimate is consistent with the 98,000 pairs
reported in 2023, although that figure was obtained using a different
methodological approach (Wolf & Vilches, 2024). After remaining
relatively low through the early 2000s, the population began to
increase steadily from 2008 onward, reaching 11,934 pairs in
2013 (Fig. 3). No census data are available for 2015-2022 because
of initial funding limitations and subsequent COVID-19-related
restrictions. Over the full time series (1980-2024), the population
grew at A = 1.144 (r = 14.4% per year; 95% CI: 1.104-1.186).
Growth was moderate before rabbit eradication (1980-2013:
A =1.108, r =10.8% per year; 95% CI: 1.074-1.143) and markedly
higher afterwards (2013-2024: A = 1.232, r = 23.1% per year; 95%
CI: 1.123-1.350).
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Fig 3. Estimates of the breeding population of Peruvian Diving
Petrel Pelecanoides garnotii on Choros Island, Chile. Historical
records from 1980 to 2008 were compiled from published sources
and are presented without 95% confidence intervals because
the original studies did not report measures of uncertainty.
Estimates from 2010-2014 and 2024 were obtained using the same
methodology (Ferndndez et al., 2019) and include vertical error bars
representing 95% confidence intervals. The 2023 value, reported by
Island Conservation (Wolf & Vilches, 2024), was obtained using a
different methodology and does not include confidence intervals.

The magnitude of the increase documented in this study—
corresponding to a ~300-fold rise in breeding pairs over the
1980-2024 period and a ~7.5-fold increase relative to the 2013
census—is consistent with recovery trajectories described for
seabirds following the eradication of introduced mammals (Brooke
et al., 2018; Jones et al., 2016).

In burrow-nesting Procellariiformes, recovery has been linked to three
concurrent mechanisms: the release of nesting burrows previously
occupied or destroyed by invaders, the regeneration of vegetation
that can stabilize the burrowing substrate, and immigration from
neighboring or formerly extirpated colonies (Bird et al., 2024; Brooke
et al., 2018). These mechanisms may also operate on Choros Island,
although their relative contributions are not known with certainty. The
release of burrows from invasive pressure is likely the principal driver
of this recovery, whereas vegetation recovery may play a comparatively
minor role because Peruvian Diving Petrels generally do not nest
beneath dense plant cover. Immigration is also plausible; however,
genetic evidence indicates that Choros Island has historically acted
as a source of colonization for the Chilean and Peruvian range rather
than as a sink (Cristofari et al., 2019). Therefore, the island is more
likely to export individuals to neighboring colonies than to depend
on immigration for its own recovery. On Choros, European Rabbits
had occupied a substantial portion of the P. garnotii breeding area for
decades, trampling and enlarging petrel burrows for their own use and
degrading the nesting habitat. Their eradication in 2013 halted rabbit-
induced burrow destruction and enlargement and was followed by
vegetation recovery and a substantial increase in the total area occupied
by the colony in subsequent years. The slow pre-eradication growth
and the steep post-2013 increase are therefore temporally consistent
with the removal of the main limiting factor and extend the positive
trend previously reported by Fernandez et al. (2019).

Comparable post-eradication recoveries have been documented in
other burrow-nesting seabirds. The Bermuda Petrel Pterodroma cahow
increased from 18 breeding pairs in 1961 to 85 pairs by 2008,
corresponding to a mean growth rate of ~3.3% per year (A = 1.033)
sustained under predator control, the provision of artificial burrows,
and the translocation of nestlings to a secure new colony on Nonsuch
Island (Carlile et al. 2012; Madeiros et al., 2012). On Macquarie
Island, the eradication of cats in 2001, followed by that of rabbits,
rats Rattus spp., and mice Peromyscus spp. between 2011 and 2014,
triggered clear population responses in the four resident burrow-
nesting petrels. Antarctic Prions Pachyptila desolata and White-headed
Petrels Pterodroma lessonii increased by ~1% per year, whereas Blue
Petrels Halobaena caerulea and Grey Petrels Procellaria cinerea,
which had been extirpated from the main island in the early 1900s,
recolonized and increased by ~14% and ~10% per year, respectively,
following cat eradication. Immigration was identified as the main
driver of this rapid response (Bird et al., 2024). Similar post-eradication
increases have been reported for three seabird species on Surprise
Island, New Caledonia, two of which responded primarily through
immigration (Philippe-Lesaffre et al., 2023); for Scripps’s Murrelet
Synthliboramphus scrippsi at Anacapa Island, California (Whitworth et
al., 2013); and for several burrow-nesting petrels on Saint-Paul Island,
southern Indian Ocean, where the number of breeding seabird species
more than doubled (from six to 13) two decades after the eradication
of rats and rabbits (Barbraud et al., 2021).

Over the full time series (1980-2024), the Peruvian Diving Petrel
population on Choros grew at r = 14.4% per year (A = 1.144),
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a long-term rate that exceeds that reported for most recovering
Procellariiformes (Brooke et al. 2018) and is comparable in magnitude
to the rates documented for the recolonizing species at Macquarie
Island (Bird et al. 2024), although the underlying mechanisms likely
differ, as detailed below. The overall pattern at Choros, however,
masks a marked shift associated with rabbit eradication: growth was
moderate before eradication (1980 to 2013: r = 10.8% per year) and
more than doubled afterwards (2013 to 2024: r = 23.1% per year). The
post-eradication estimate is based on four census years (2013, 2014,
2023, and 2024) and carries a comparatively wide confidence interval;
it should therefore be interpreted with some caution. Nevertheless,
the results consistently indicate an acceleration of population growth
following eradication. Both the robust long-term trend and the steeper
post-eradication trajectory point in the same direction. Importantly,
the mechanism underlying this rapid increase most likely differs from
that invoked for the recolonizing species at Macquarie Island, where
immigration was identified as the primary driver (Bird et al., 2024). At
Choros, by contrast, net immigration is unlikely to be the main driver
because the colony was never extirpated and, as noted above, has
historically acted as a source rather than a sink (Cristofari et al., 2019).
The increase reported here is therefore best interpreted as the outcome
of improved local reproductive success and survival, facilitated by
reduced burrow competition and habitat recovery following rabbit
eradication, together with the recruitment of previously non-breeding
individuals produced within the colony. The rapid increase in breeding
pairs may also reflect the recruitment of a floating population of mature
but non-breeding Peruvian Diving Petrels that took advantage of newly
available nesting habitat following rabbit eradication. Similar dynamics
involving cavity-nesting seabird species have been documented
elsewhere, where floating adults rapidly occupy newly created or
restored burrow habitat and contribute disproportionately to colony
growth (Ainley et al., 2024).

Choros currently holds ~95% of the Chilean breeding population
of Peruvian Diving Petrels (Ferndndez et al., 2019) and, given its
role as a regional source, may increasingly export individuals to
neighboring colonies such as the recently restored Chafiaral Island,
located only ~23 km away, where social attraction recently yielded
the first natural hatching in decades. Additional processes may also
contribute and warrant further investigation, including variability in
breeding phenology and the possibility of more than one breeding
attempt per year under favorable conditions. Although these
mechanisms remain hypothetical, they underscore the dynamic
nature of the population and the need for long-term demographic
and behavioral studies.

The marked increase in breeding pairs at Choros Island highlights
the effectiveness of multi-decadal conservation strategies that
combine strict protection with active habitat restoration. Long-
term protection and access restrictions implemented since the
establishment of the Humboldt Penguin National Reserve in the
1990s have played a fundamental role in reducing chronic human
disturbance at breeding sites. These measures were subsequently
reinforced by the establishment of the Choros-Damas Marine
Reserve and four Benthic Resource Management Areas decreed
in 1998 in adjacent zones, which, although focused on benthic
fisheries management, contributed to improved regulation and
organization of fishing activities (Romero et al.,, 2025). The
population increase observed in 2013 likely reflects the cumulative
effects of these protection measures, while the exponential growth
recorded in 2023 and 2024 is consistent with habitat restoration
achieved through the eradication of European Rabbits completed

in 2013. Despite these conservation gains, the recovery of the
Peruvian Diving Petrel remains highly vulnerable to anthropogenic
threats that intersect directly with the species’ ecological and
behavioral traits. At present, the most immediate threat is artificial
light pollution (Silva et al., 2020). The breeding islands lie only
ca. 7 km from small towns and coves along the continental coast.
Because Peruvian Diving Petrels are nocturnally active around the
colony, individuals are attracted to these artificial light sources,
leading to collisions and grounding events that cause mortality in
both fledglings and adults (Rodriguez et al., 2017). This mortality
intensifies during January, when tourist activity along the coast
increases (Silva et al., 2020).

Two additional and more severe threats would emerge if the Dominga
Mining-Port Project (https:/dominga.cl), proposed adjacent to Choros
Island, is approved. First, the facilities would substantially increase
maritime traffic within the spatially concentrated foraging areas used
by Peruvian Diving Petrel and other seabird species, elevating the risk
of vessel strikes and hydrocarbon spills, which are known to cause
long-lasting damage to coastal and benthic communities (Castege
et al., 2007; Urbina et al., 2021). Second, brine discharge from the
project’s desalination plant could degrade marine environmental
quality within and adjacent to the Humboldt Penguin National Reserve
(Riera et al., 2022), potentially disrupting prey availability in the
highly productive upwelling system on which the Peruvian Diving
Petrel, and other seabirds and marine mammals, depend. Critically,
the Dominga project would also amplify the light-pollution threat
that already affects the species. Additional light sources associated
with the development—including vessels, port infrastructure, and
the mining and desalination facilities—could compound the existing
coastal lighting, increasing the cumulative attraction of petrels and the
resulting collision-related mortality. Together, these threats underscore
that the long-term persistence of this recovering population will depend
not only on maintaining predator-free and structurally intact breeding
habitats, but also on safeguarding key marine foraging areas and
limiting light pollution around colonies.

CONCLUSION

Our findings provide robust evidence of the recovery of the Peruvian
Diving Petrel breeding population on Choros Island, as reflected
by the consolidation of nesting patches, a substantial expansion of
colony area, and a marked rise in breeding pairs over the past decade.
This recovery trajectory underscores the cumulative and long-term
benefits of sustained conservation measures, particularly habitat
restoration through invasive species eradication and the protection
of breeding sites. It also provides critical information for designing
new management plans and updating existing ones. Despite this
encouraging trajectory, key demographic processes remain poorly
understood. Future studies addressing demography, breeding success,
and survival are therefore essential to clarify the mechanisms driving
this recovery, project future population trends, and identify the
conditions under which similar outcomes could be achieved at other
coastal islands across the species’ distributional range. This study not
only documents the recovery of a single species but also highlights
a broader conservation opportunity: the island-based approaches
applied here may guide management actions for the recovery of other
seabird species facing critical population declines.
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