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ABSTRACT

Cristerna, J., Abaunza, G., Lopez-Hernandez, J. A., Soldatini, C., Albores-Barajas, Y. V., De Pascalis, F., & Cecere, J. G. (2026). First GPS
tracking of the Black Storm Petrel Hydrobates melania. Marine Ornithology, 54(1), 125—130. http://d0i.org/to COMe.......cccoeeererereieeeneee

The research reported here, conducted at Archipiélago de Espiritu Santo National Park, Baja California Sur, Mexico, establishes the first
successful application of biologging on a Black Storm Petrel Hydrobates melania. Results yielded preliminary insights into this population’s
marine movements during nesting. The device used, weighing less than 3% of the bird’s body mass, recorded a 181-km foraging trip.
Subsequent trajectory analysis indicated navigation behavior that potentially was optimized to use crosswind assistance. The individual
showed no weight loss post-retrieval, a finding that suggests this method is viable and unharmful, demonstrating the feasibility of using
miniaturized tracking devices to unravel the ecology of this elusive seabird.
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INTRODUCTION

The study of seabirds using tracking devices has been increasing
in the last 20 years as a result of cost reduction and device
miniaturization (Carneiro et al., 2024). However, the use of this
technology remains a challenge for the smallest seabirds: the
storm petrels. To date, tracking data are available for only nine
species, all belonging to the northern storm petrels group (family:
Hydrobatidae; Carneiro et al., 2024; Winkler et al., 2020). It was
not until less than five years ago that the first tracking data for
this group were obtained and published (Bolton, 2021; Collins et
al., 2022; De Pascalis et al., 2021; De Pascalis et al., 2022; Rotger
et al., 2020); a few studies were conducted in Mexico recently
(Medrano et al., 2022, 2024).

The Black Storm Petrel Hydrobates melania is the largest storm
petrel, and certainly the largest that nests along the Pacific
Coast of North America, with an average weight of 60 g and
with notably long wings (50-56 cm), leading to deep, languid
wingbeats (Everett et al., 2021; Howell & Zufelt, 2019; Spear
& Ainley, 2007). It is entirely sooty-black colored and has a
distinctly forked tail (Onley & Scofield, 2007; Sibley, 2014).
The global population is estimated at 600,000 individuals,
and its conservation status is classified as Least Concern by
the International Union for Conservation of Nature (BirdLife
International, 2020); however, its population is apparently
decreasing, and it is considered a threatened resident species
in Mexico according to federal Mexican law (Norma Oficial
Mexicana, NOM-059-SEMARNAT-2019, 2019). Like most
procellariiforms, it is active in the colony at night, arriving in
complete darkness and leaving before dawn to avoid predators

(Everett, 1991). During the day, this species is at sea, feeding,
commonly in pelagic areas adjacent to nesting colonies (Everett
et al.,, 2021; Oppel et al., 2018; Spear & Ainley, 2007).
Nonetheless, a recent study based on stable isotopes suggested
that these seabirds have neritic foraging habits (Bedolla-
Guzmdn et al., 2021). Their high dispersion capability and low
detectability, along with the logistics constraints for researchers
to visit their colonies, can hamper the collection of data on life
history and demography. In this note, we provide the first public
tracking effort on the species, carried out to assess the feasibility
of a future study investigating at-sea behavior.

METHODS
Study Area and Fieldwork

This study was conducted at Los Islotes, an islet in the Archipiélago
de Espiritu Santo National Park, Baja California Sur, Mexico
(24°35'55.73"N, 110°24'10.68"W; creation decree published
in the Diario Oficial de la Federacion [Official Gazette of the
Federation] on 10 May 2007; Secretaria de Medio Ambiente y
Recursos Naturales [SEMARNAT], 2014). At this location, a
colony of Black Storm Petrels breed sympatrically with Least
Storm Petrels H. microsoma (Carmona et al., 1994). Since 2018,
researchers have visited the colony at least once per month, sea
conditions permitting, as part of a long-term ringing program
for both storm petrel species. The islet is very difficult to access
and to explore. Nests are in narrow, vertical crevices, making
it particularly complicated to inspect and reach the occupants.
Therefore, only three nests were marked and monitored for
capture of adults. On 26 February 2025, during the scheduled
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new moon Vvisit, we captured an adult individual at approximately
22h00 (GMT -07h00), previously marked with alphanumeric
ring E00343. The individual had already been GPS-tagged on
14 May 2024, but the instrument was lost. We deployed a nanoFix
mini-GPS (PathTrack Ltd., UK) weighing 0.96 g (< 3% of the
individual’s body mass, which was 64.10 g). The device was fixed
to the dorsal feathers using Tesa 4651 tape and programmed to
record one location fix per hour (Fig. 1). On 06 March 2025, we
revisited the colony at dusk to attempt recapture. At approximately
19h00, we retrieved the tagged bird and recovered the GPS
device. Despite obtaining data for only a partial foraging trip (see
Results), we could still obtain the trip structure and derive a set of
movement descriptors.

Data Analysis

We calculated descriptive movement metrics, interpreting them with
caution given the hourly GPS sampling interval. These included the
bird’s maximum and mean (+1 standard deviation) ground speed
between consecutive locations and its maximum linear distance
from the colony.

To analyze the wind conditions the bird experienced during its
flight, we calculated point-based metrics of each GPS location.
Surface-level wind components (u#, v) were obtained from the
National Centers for Environmental Prediction (NCEP)/National
Center for Atmospheric Research (NCAR) Reanalysis datasets
via the “RNCEP” package (Kemp, van Loon, et al., 2012). Wind
speed (Vw) was calculated as the vectors’ Euclidean magnitude
(Pennycuick, 2008). Wind direction was derived using the atan2
function to resolve directional ambiguity (Grange, 2014) and
converted from meteorological to navigational convention. The
bird’s flight bearing (0) and ground speed were derived from
consecutive GPS points using the ‘“argosfilter” (Freitas, 2022)
and “geosphere” (Hijmans, 2022) packages, respectively. We then
decomposed the wind into tailwind (7w) and crosswind (Cw)
components relative to the bird’s bearing (0, in degrees) using
established methods (Shamoun-Baranes et al., 2017):

Tw = Vw x cos 0
Cw = Vw x sin 0
where Vw is the wind speed Vu2 + v2.

To characterize the general windscape of the study area, we
used zonal () and meridional (v) wind components from the
ERAS reanalysis dataset (0.25° resolution, hourly, at 10 m
height), following the approach of Kemp, Shamoun-Baranes,
et al. (2012).

RESULTS

We recorded a partial foraging trip consisting of 17 GPS fixes over
16 hr. During this period, the Black Storm Petrel covered a total
distance of 181.58 km, reaching a maximum distance of 110.85 km
from the colony. The mean ground speed was 3.15 + 2.13 m/s, with
a maximum speed of 7.9 m/s.

The individual departed from the colony and traveled northeast
across the Gulf of California. Tailwind assistance values ranged
from -2 m/s (headwind) to 4 m/s (tailwind), with the most

favorable conditions occurring along the eastern portion of the
route. Crosswind magnitude varied from O to 5 m/s, with the
strongest lateral winds experienced near the continental coastline
(Fig. 2).

A shift in flight direction toward the southwest coincided with
changing wind conditions; the Black Storm Petrel initiated its
turns as tailwind assistance increased and crosswind magnitude
decreased. However, while flying the southwesterly course,
crosswinds became the prevailing influence, increasing until the
final fix located downwind of San José Island (Fig. 3).

DISCUSSION

Currently, there are no published GPS tracking data for the
Black Storm Petrel (Carneiro et al., 2024). Therefore, these data,
although partial, are the first GPS tracking data for this species
and provide a brief glimpse into its daytime activity.

The tracked individual appeared to rely consistently on
crosswinds and partially on tailwinds to support its travel. The
alignment between movement direction and wind conditions
suggests that the bird may have been selectively navigating
through atmospheric corridors to optimize flight efficiency.
Previous studies reported that this species typically flies at
speeds of 7.31 m/s when aided by cross tailwinds (Spear
& Ainley, 1997), which aligns closely with the maximum
speeds observed in our dataset. Our findings indicate that this
Black Storm Petrel predominantly used crosswind assistance
throughout its flight (Fig. 3), in accord with Spear and Ainley
(1997) and most procellariiforms. Our observations are
consistent with observations of procellariiforms’ flight behavior
using crosswinds to gain speed during dynamic soaring (Thorne
et al., 2023), although this type of flight has yet to be reported
for this species.

Based on this work, we can reasonably exclude a negative impact
of the devices on Black Storm Petrel for two main reasons. First,
the individual had already been GPS-tagged, and although that
device had been lost at sea, the bird nevertheless returned to the
colony and resumed breeding, eventually fledging its chick, and
indicating no apparent adverse effect. Second, the bird’s body
mass was identical before and after device retrieval (64.1 g in both
cases), indicating that the tag did not impose additional energetic
costs. Ultimately, our findings support the use and feasibility of
tracking technologies to study this secretive seabird species.

ACKNOWLEDGEMENTS

We are deeply grateful to the close collaborators and students of
the Laboratorio de Aeroecologia Marina, which provided various
types of support: Daniel Aguirre, Andrés Morales, and Martha
P. Rosas-Herndndez. We also thank the Archipiélago de Espiritu
Santo National Park administration for the support provided. We
also thank the Centro de Investigacién Cientifica y de Educacién
Superior de Ensenada (CICESE, Center for Scientific Research
and Higher Education at Ensenada) for funding received as part of
the project (691111). All activities were carried out under permits
issued by Direcciéon General de Vida Silvestre en México (the
General Directorate of Wildlife in Mexico) of the SEMARNAT:
SPARN/DGVS/09431/23 and its renewal, SPARN/DGVS/10633/24.
Reviewers helped us immensely to improve our paper.

Marine Ornithology 54(1): 125-130 (2026)



Cristerna et al.: First GPS tracking of a Black Storm Petrel, Mexico 127
P

A5G
% $ S 4. ail: g
'i

Fig. 1. Adult Black Storm Petrel Hydrobates melania (ring E00343) with a deployed nanoFix mini-GPS logger attached dorsally on the lower
back feathers, not the tail. Photo credit: Marfa Alejandra Garcia Castro
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Fig. 2. Flight path of the Black Storm Petrel Hydrobates melania, showing travel direction (dashed arrows) and wind influence. Greyscale
gradient represents crosswind intensity, and dot size indicates tailwind intensity (both in meters per second). The colony location at Los

Islotes (Baja California Sur, Mexico) is marked with a triangle.
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Fig. 3. Hourly windscape and flight path of the Black Storm Petrel Hydrobates melania recorded during the incubation phase. The track is
shown in local time. Wind velocity (blue-yellow gradient) and direction (arrows) are shown. The bird’s ground speed is overlaid on the track
(green-pink gradient). The colony location at Los Islotes (Baja California Sur, Mexico) is marked by an orange square.

Marine Ornithology 54(1): 125-130 (2026)



130 Cristerna et al.: First GPS tracking of a Black Storm Petrel, Mexico

Carneiro, A. P. B., Dias, M. P, Clark, B. L., Pearmain, E. J., Handley,
J., Hodgson, A. R., Croxall, J. P, Phillips, R. A., Oppel, S.,
Morten, J. M., Lascelles, B., Cunningham, C., Taylor, F. E.,
Miller, M. G. R., Taylor, P. R., Bernard, A., Grémillet, D., &
Davies, T. E. (2024). The BirdLife Seabird Tracking Database:
20 years of collaboration for marine conservation. Biological
Conservation, 299, Article 110813. https://doi.org/10.1016/].
biocon.2024.110813

Collins, S. M., Hedd, A., Fifield, D. A., Wilson, D. R., & Montevecchi,
W. A. (2022). Foraging paths of breeding Leach’s Storm-Petrels
in relation to offshore oil platforms, breeding stage, and year.
Frontiers in Marine Science, 9, Article 816659. https:/doi.
org/10.3389/fmars.2022.816659

De Pascalis, F,, Pala, D., Pisu, D., Morinay, J., Benvenuti, A., Spano,
C., Ruiu, A., Serra, L., Rubolini, D., & Cecere, J. G. (2021).
Searching on the edge: Dynamic oceanographic features increase
foraging opportunities in a small pelagic seabird. Marine Ecology
Progress Series, 668, 121-132. https://www.int-res.com/abstracts/
meps/v668/meps13726

De Pascalis, F, Pisu, D., Pala, D., Benvenuti, A., Visalli, F., Carlon,
E., Serra, L., Rubolini, D., & Cecere, J. G. (2022). Identification
of marine Important Conservation Areas for Mediterranean
Storm Petrels Hydrobates pelagicus melitensis breeding in
Sardinia, Italy. Marine Ornithology, 50(2), 205-210. https://doi.
0rg/10.5038/2074-1235.50.2.1490

Everett, W. T. (1991). Breeding biology of the Black Storm-Petrel at
Islas Los Coronados, Baja California, Mexico (Publication No.
34) [Master of science thesis, University of San Diego]. Digital
USD. https://doi.org/10.22371/02.1991.001

Everett, W. T., Bedolla Guzmdn, Y., & Ainley, D. G. (2021).
Black Storm-Petrel (Hydrobates melania), version 1.1. In P. G.
Rodewald (Ed.), Birds of the world. Cornell Lab of Ornithology.
https://doi.org/10.2173/bow.bkspet.01.1

Freitas, C. (2022). argosfilter: Argos Locations Filter (Version
0.70) [R package]. CRAN contributed packages. https:/doi.
org/10.32614/CRAN.package.argosfilter

Grange, S. K. (2014, June 16). Technical note: Averaging wind speeds
and directions. https://doi.org/10.13140/RG.2.1.3349.2006

Hijmans, R. J. (2022). geosphere: Spherical Trigonometry (Version
1.5-18) [R package]. CRAN contributed packages. https://doi.
org/10.32614/CRAN.package.geosphere

Howell, S. N. G., & Zufelt, K. (2019). Oceanic birds of the world: A
photo guide. Princeton University Press.

Kemp, M. U., Shamoun-Baranes, J., van Loon, E. E., McLaren, J. D.,
Dokter, A. M., & Bouten, W. (2012). Quantifying flow-assistance
and implications for movement research. Journal of Theoretical
Biology, 308, 56-67. https://doi.org/10.1016/j.jtbi.2012.05.026

Kemp, M. U., van Loon, E. E., Shamoun-Baranes, J., & Bouten,
W. (2012). RNCEP: Global weather and climate data at your
fingertips. Methods in Ecology and Evolution, 3(1), 65-70.
https://doi.org/10.1111/5.2041-210X.2011.00138.x

Medrano, F., Herndndez-Montoya, J., Saldanha, S., Bedolla-Guzman,
Y., & Gonzilez-Solis, J. (2024). Contrasting migratory ecology
of two threatened and allochronic storm-petrels breeding in the
Mexican Pacific. Endangered Species Research, 54, 331-339.
https://doi.org/10.3354/esr01344

Medrano, F., Saldanha, S., Herndndez-Montoya, J., Bedolla-
Guzman, Y., & Gonzilez-Solis, J. (2022). Foraging areas of
nesting Ainley’s Storm Petrel Hydrobates cheimomnestes. Marine
Ornithology, 50(2), 125-127. https://doi.org/10.5038/2074-
1235.50.2.1478

Norma Oficial Mexicana, NOM-059-SEMARNAT-2019,
Proteccion ambiental—Especies nativas de México de flora
y fauna silvestres—Categorias de riesgo y especificaciones
para su inclusién, exclusiéon o cambio—Lista de especies en
riesgo (Secretaria de Medio Ambiente y Recursos Naturales),
Diario Oficial de la Federacion [DOF] 14-11-2019 (Mex.).
Retrieved September 20, 2025, from https://www.dof.gob.mx/
nota_detalle.php?codigo=5578808&fecha=14/11/2019

Onley, D., & Scofield, P. (2007). Albatrosses, petrels and
shearwaters of the world. Christopher Helm.

Oppel, S., Bolton, M., Carneiro, A. P. B., Dias, M. P.,, Green, J. A,
Masello, J. F., Phillips, R. A., Owen, E., Quillfeldt, P., Beard,
A., Bertrand, S., Blackburn, J., Boersma, P. D., Borges, A.,
Broderick, A. C., Catry, P., Cleasby, 1., Clingham, E., Creuwels,
J., ... Croxall, J. (2018). Spatial scales of marine conservation
management for breeding seabirds. Marine Policy, 98, 37-46.
https://doi.org/10.1016/j.marpol.2018.08.024

Pennycuick, C. J. (2008). Modelling the flying bird (Vol. 5).
Elsevier Academic Press.

Rotger, A., Sola, A., Tavecchia, G., & Sanz-Aguilar, A. (2020).
Foraging far from home: GPS-tracking of Mediterranean
Storm-petrels Hydrobates pelagicus melitensis reveals long-
distance foraging movements. Ardeola, 68(1), 3—16. https://doi.
org/10.13157/arla.68.1.2021.ral

Secretarfa de Medio Ambiente y Recursos Naturales. (2014).
Programa de Manejo Parque Nacional exclusivamente la zona
marina del Archipiélago de Espiritu Santo. Retrieved September
20, 2025, from https://simec.conanp.gob.mx/pdf libro_pm/141
libro_pm.pdf

Shamoun-Baranes, J., Liechti, F., & Vansteelant, W. M. G. (2017).
Atmospheric conditions create freeways, detours and tailbacks
for migrating birds. Journal of Comparative Physiology A,
203(6-7), 509-529. https://doi.org/10.1007/s00359-017-1181-9

Sibley, D. A. (2014). The Sibley guide to birds (2nd ed.). Alfred A.
Knopf.

Spear, L. B., & Ainley, D. G. (1997). Flight behaviour of seabirds
in relation to wind direction and wing morphology. Ibis, 139(2),
221-233. https://doi.org/10.1111/§.1474-919X.1997.tb04620.x

Spear, L. B., & Ainley, D. G. (2007). Storm-petrels of the eastern
Pacific Ocean: Species assembly and diversity along marine
habitat gradients. Ornithological Monographs, 62, 1-717.

Thorne, L. H., Clay, T. A., Phillips, R. A., Silvers, L. G., &
Wakefield, E. D. (2023). Effects of wind on the movement,
behavior, energetics, and life history of seabirds. Marine
Ecology Progress Series, 723, 73—117. https://doi.org/10.3354/
meps14417

Winkler, D. W., Billerman, S. M., & Lovette, 1. J. (2020). Northern
storm-petrels (Hydrobatidae), version 1.0. In S. M. Billerman,
B. K. Keeney, P. G. Rodewald, & T. S. Schulenberg (Eds.),
Birds of the world. Cornell Lab of Ornithology. https://doi.
org/10.2173/bow.hydrobl1.01

Marine Ornithology 54(1): 125-130 (2026)


https://doi.org/10.1016/j.biocon.2024.110813
https://doi.org/10.1016/j.biocon.2024.110813
https://doi.org/10.3389/fmars.2022.816659
https://doi.org/10.3389/fmars.2022.816659
https://www.int-res.com/abstracts/meps/v668/meps13726
https://www.int-res.com/abstracts/meps/v668/meps13726
https://doi.org/10.5038/2074-1235.50.2.1490
https://doi.org/10.5038/2074-1235.50.2.1490
https://doi.org/10.22371/02.1991.001
https://doi.org/10.2173/bow.bkspet.01.1
https://doi.org/10.32614/CRAN.package.argosfilter
https://doi.org/10.32614/CRAN.package.argosfilter
https://doi.org/10.13140/RG.2.1.3349.2006
https://doi.org/10.32614/CRAN.package.geosphere
https://doi.org/10.32614/CRAN.package.geosphere
https://doi.org/10.1016/j.jtbi.2012.05.026
https://doi.org/10.1111/j.2041-210X.2011.00138.x
https://doi.org/10.3354/esr01344
https://doi.org/10.5038/2074-1235.50.2.1478
https://doi.org/10.5038/2074-1235.50.2.1478
https://www.dof.gob.mx/nota_detalle.php?codigo=5578808&fecha=14/11/2019
https://www.dof.gob.mx/nota_detalle.php?codigo=5578808&fecha=14/11/2019
https://doi.org/10.1016/j.marpol.2018.08.024
https://doi.org/10.13157/arla.68.1.2021.ra1
https://doi.org/10.13157/arla.68.1.2021.ra1
https://simec.conanp.gob.mx/pdf_libro_pm/141_libro_pm.pdf
https://simec.conanp.gob.mx/pdf_libro_pm/141_libro_pm.pdf
https://doi.org/10.1007/s00359-017-1181-9
https://doi.org/10.1111/j.1474-919X.1997.tb04620.x
https://doi.org/10.3354/meps14417
https://doi.org/10.3354/meps14417
https://doi.org/10.2173/bow.hydrob1.01
https://doi.org/10.2173/bow.hydrob1.01

