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Capsule The breeding foraging and post-breeding dispersal movements of five satellite-tagged Bulwer’s
Petrels from the Canary Islands were recorded. Foraging trips lasted 5.6 days in average (n=3), while the
mean distance covered was 1261 km, and foraging areas were located over the continental slope and the
adjacent pelagic waters, around 1200–2000 m depth and up to 350 km from the colony. After the chick-
rearing period, birds dispersed southwestwards to the tropical waters of the central Atlantic.

The continued improvement and deployment of remote

tracking systems has revolutionized the understanding of

the distribution patterns and at sea behaviour of several

pelagic seabird species over the last two decades (Burger

& Shaffer 2008). These improvements have been key for

the conservation of Procellariiforms at sea, e.g. by

contributing to the identification of hotspots that

could be designated as Marine Protected Areas

(MPAs) (BirdLife International 2004, Ropert-Coudert

& Wilson 2005, Phillips et al. 2007). However, the

weight of the devices has constrained their use to

medium–large species (Phillips, Xavier & Croxall 2003).

Here, we present novel data for one of the smallest

seabird species ever tracked using satellite devices

(Platform Terminal Transmitters, PTT), the Bulwer’s

Petrel Bulweria bulwerii. This is a tropical and subtropical

Procellariiform that breeds in the Atlantic and the

Pacific oceans. In the Canary Islands, its breeding

population is mainly localized to small marine rocks and

inaccessible seacliffs (Arcos et al. 2009). The limited

existing evidence suggests that the population has

declined over the last few decades (Rodríguez, Rodríguez

& Lucas 2012). Reasons for this presumed decline

include threats at the breeding grounds, particularly

predation by introduced mammals and attraction to

artificial lights (Madroño, González & Atienza 2004).

Threats at sea could also play a role, but studies on the

species’ behaviour and ecology at sea are scarce (Mougin

& Mougin 2000), with only isolated observations (van

Oordt & Kruijt 1953, Bourne 1995), or indirect

information such as dietary data (Zonfrillo 1986, Martín

& Lorenzo 2001, Cheng, Spear & Ainley et al. 2010).
We tracked five adult Bulwer’s Petrels from Alegranza

(29°29ʹN–13°29ʹW), an inhabited islet off N Lanzarote,

Canary Islands (Fig. 1), where over 150 pairs breed

(Rodríguez et al. 2003). Tagging was conducted in mid–

late August 2010, coinciding with the latest stages of

the breeding period, as fledglings start leaving the nest

from the first fortnight of September onwards (Martín

& Lorenzo 2001). Birds were captured by hand at their

nests, whenever possible after delivering food to their

chicks, and then ringed, weighed and PTT-tagged. We

used ∼5 g solar-powered PTTs (Microwave Telemetry,

Inc.) fitted to the back feathers of the birds using TESA

tape (Wilson et al. 2002). The weight of the birds

ranged from 85 to 100 g, which means that the devices

(including the tape) represented about 6% of the body

mass, slightly passing the maximum recommended limit

of 3–5% of the total bird mass (Wilson et al. 2002,

Phillips et al. 2003). This implies that slight detrimental

effects could not be ruled out, although the PTTs were

attached to the back feathers, and using as few feathers

as possible, thus ensuring that they would be lost in a

relatively short period. In addition, tagging was

conducted when chicks were almost ready to fledge, to

reduce the risk of breeding failure.
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Geographical locations of petrels were downloaded

from the ARGOS website (http://www.argos-system.

org). In a first step we retained all locations (LC 3,

2, 1, 0, A, B), and later these were filtered to

remove incorrect or impossible positions. For every

pair of subsequent locations we removed the lowest

quality one when speed between them was greater

than 100 km/h, and positions over land were also

removed. We assigned all filtered locations to two

stages: breeding (foraging trips during the chick-

rearing period) and post-breeding dispersal (migratory

movements just after the chick-rearing period). For

each foraging trip, we calculated the duration, total

distance covered and maximum distance from the

Figure 1. Foraging trips (green lines) of two Bulwer’s Petrels Bulweria bulwerii from Alegranza, Canary Islands, tracked by satellite. Kernel density
distribution maps are shown encompassing 25–85% of the locations. Dates are also shown (day number plus first letter of month, a = August, s =
September). a and b= first and second trip of bird 2 (second trip is incomplete). c and d= first and second trip of bird 3.
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colony. For dispersal movements, we estimated the

distance covered per day, as well as the speed.

We also built Kernel density distribution maps

(Animal Movement extension of ARCVIEW 3.2) to

identify the most used areas by the petrels on each

trip. As the number of PTT locations per day was

variable (from 5 to 20 per day in our case), we

randomly selected a number of locations matching the

minimum daily value obtained during that trip to build

equally representative range kernels. We arbitrarily

Figure 2. Satellite tracks of three Bulwer’s Petrels Bulweria bulwerii (birds 3, 4 and 5) from Alegranza, Canary Islands, during their post-breeding
dispersal, plus kernel density distributions once they reached presumed winter foraging areas. The tracking dates (day number plus first letter of
month, a = August, s = September) and the daily speed (moving average over 3 days) are also reported.
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used a smoothing factor of h = 0.1, and selected the 50%

kernel as an indicator of the main foraging areas

(BirdLife International 2010). Then, we calculated the

mean values of water depth obtained from ETOPO1

(NGDC & NOAA 2009), and distance to the colony

and to the nearest coast, averaging the locations

included within each individual trip’s kernel.

The five birds tagged provided 631 locations. One

(bird 1) stopped transmitting a few hours after the

PTT deployment (with only 6 locations), and was not

considered in the analyses. The remaining birds

transmitted for a period of 9–24 days, and provided

both foraging trips (birds 2 and 3) and post-breeding

dispersal movements (birds 3, 4 and 5). Of the two

birds conducting breeding foraging trips, three

complete and one incomplete trips were reconstructed

(Fig. 1). The completed trips lasted 4.9 days in the

case of bird 2, and 6.1 and 6.0 days in the case of

bird 3. Total foraging trip length was quite consistent

between birds and trips, ranging from 1168 to 1364 km

(mean = 1261 km, n = 3). Maximum distance from the

colony was greater than 200 km in both birds

monitored, reaching over 350 km. Foraging areas were

located over the continental slope and the adjacent

pelagic waters, with average depths of 1200–2000 m.

However, the two birds monitored visited different

areas (Fig. 1). Bird 2 moved northeastwards to feed in

waters off the African continental slope, near Tamri

(Morocco) for both foraging trips. Bird 3 flew

southwards to forage off Fuerteventura–Lanzarote

(E Canary Islands) in both trips, the same area visited

by bird 1 during its short transmitting period. Three

PTTs (birds 3, 4 and 5) provided data corresponding

to the beginning of the post-breeding dispersal (Fig. 2).

Birds 4 and 5 left the colony short after being fitted

with the PTTs, while bird 3 first performed two

foraging trips (12 days) and then left the colony. The

post-breeding routes were quite similar, all birds flying

southwestwards to reach tropical waters (10–20° N) in

the Central Atlantic Ocean (Fig. 2). Birds moved fast

until they reached the mid-Atlantic tropical waters, at

over 2000 km from the colony, when post-breeding

movements were alternated with apparently foraging

activities (Fig. 2). These ‘stopover’ areas had depths

greater than 5000 m.

Our data on foraging grounds roughly coincide with

boat-based observations around the Canary Islands

during the breeding season, and habitat models based

on them, which showed a scattered distribution over

pelagic waters, with preference for areas near the shelf

slope (Arcos et al. 2009). This is also in agreement

with the indirect information provided by Bulwer's

Petrel diet, as it is primarily composed of vertically

migrating mesopelagic fish, cephalopods and

crustaceans, which are characteristic of these marine

habitats (Zonfrillo 1986, Neves, Nolf & Clarke 2011).

Specific foraging areas differed between the two

individuals conducting breeding trips, but showed

similar features. The Lanzarote-Fuerteventura area used

by bird 3 (Fig. 1c,d) was one of the three main

foraging grounds identified by habitat models within

the Canary Islands (Arcos et al. 2009), while the

African shelf (were bird 2 foraged) was beyond the

scope of that habitat model study. Further research is

necessary to assess the relevance of other areas with

similar habitat features around the Canary Islands and

nearby waters, and to assess individual fidelity to the

foraging grounds.

Data gathered on post-breeding movements are also

interesting and apparently representative as the three

birds performing migration trips used the same routes

to the Central Atlantic Ocean. The speed of the birds

slowed down shortly before the signal was lost (Fig. 2),

thus indicating that their wintering areas may have

been reached. This is in agreement with the idea that

the Macaronesian population of Bulwer’s Petrel might

winter in a huge area in the Central Atlantic between

20°N and 10°S (Flood & Fisher 2011).
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