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Knowledge of the distribution and residency of pelagic marine megafauna,
particularly deep-diving species, is scarce due to their high mobility over
difficult-to-access oceanic areas and long periods underwater. However, the
threatened status of many of these species, such as the sperm whale Physeter
macrocephalus, increases the need to obtain quantitative data to support
conservation measures. In the warm temperate waters of Macaronesia
(Eastern North Atlantic), sperm whales occur year-round in a set of island
systems (the Azores, Madeira, and the Canaries), mainly in social groups of
females and juveniles with the occasional visits of mature males. Although it is
known that they perform inter-archipelago movements, information on site
fidelity and residency times is still scarce. Here, based on photographic-
identification data, site fidelity and residency times of sperm whales were
estimated for subareas of the Azores and the Madeira archipelagos, with a
preliminary assessment for a subarea of the Canaries. The Azores and Madeira
subareas presented similar proportions of individuals with recaptures (~25%),
mainly inter-annual, while in the subarea of the Canaries, only <10% of the
individuals were recaptured. Standardized Site Fidelity Indexes showed very low
values (<0.01) for both the Azores and Madeira subareas. Lagged identification
rates based on models including emigration and reimmigration estimated that
an average of 44.8 individuals (SE=4.9) spent 12.9 days (SE=1.5) in the Azores
before leaving for 99.1 days (SE=12.5), while 8.4 individuals (SE=16.1) spent 0.8
day (SE=6.6) in Madeira before leaving for 8.6 days (SE=6.9), with a very low
mortality rate. This study i) indicates a degree of residency of about ¥4 of the
identified individuals for the Azores and Madeira subareas and ii) supports that
these oceanic archipelagos constitute an important habitat for a Vulnerable
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species in the Atlantic. Moreover, it also highlights the importance of
combining data from opportunistic and dedicated surveys and joint national
and international efforts toward the conservation of marine megafauna.

KEYWORDS

marine megafauna, philopatry, transnational conservation, Atlantic, photographic-
identification, capture-recapture, habitat use

Introduction

Research and conservation of top oceanic predators present
unique challenges due to their high mobility over difficult-to-access
areas, with costly and logistically complex data collection. Most
pelagic marine megafauna is not easily seen and has large ranges
extending to offshore areas (Tittensor et al., 2010; Kaschner et al,,
2011). In the case of deep-diving species, there are increased
difficulties associated with their long submersion periods (Aoki
etal.,2012; Li & Rosso, 2021; Badenas et al., 2022). Moreover, many
of these species are of significant conservation concern and
represent an ecologically and functionally important part of
marine biodiversity (Katona & Whitehead, 1988; Schipper et al.,
2008; Pimiento et al., 2020; Alves et al., 2022; Braun et al., 2022).
Thus, information on the distribution and movements of these
species is valuable for planning practical conservation efforts.

The sperm whale Physeter macrocephalus, the largest deep-
diver and toothed animal, is distributed worldwide. It ranges from
the ice edge in both hemispheres to tropical waters (Whitehead,
2018). Its distribution is highly connected to social structure and
sex, with social groups offemales and immatures inhabitinglow and
mid-latitudes. On the other hand, males leave their maternal groups
and aggregate in bachelors groups for a few years before living
mainly solitary in high latitudes, returning to tropical and
subtropical waters to mate (Cantor et al., 2019).

Sperm whales are globally classified as Vulnerable by the
International Union for Conservation of Nature, with an
unknown worldwide population trend (Taylor et al, 2019),
with recent studies indicating a global population of 844 761
individuals (Whitehead & Shin, 2022). This species was
extensively hunted worldwide since the 18" century, growing
from a shore-based enterprise to industrial whaling that only
ceased in the 1980s. This caused a decrease of 68% in the global
population, with males being more heavily targeted (Whitehead,
2002; Whitehead, 2018). Due to the low reproduction rates of
these long-lived mammals, the populations of sperm whales are
still recovering. However, presently, they still face several threats,
such as entanglement in fishing gear, ingestion of plastics,
chemical pollution, or ship strikes (Schipper et al., 2008;
Savery et al., 2013; Notarbartolo-Di-Sciara, 2014; Fais et al,
2016; Whitehead, 2018; Arregui et al., 2019).
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The Macaronesian archipelagos of the Azores, Madeira, and
Canaries (Eastern North Atlantic) are some of the most isolated
oceanic habitats of the North Atlantic, surrounded by steep
submarine canyons and deep waters due to their volcanic origin
and lack of continental shelf (Carracedo & Troll, 2021), which offer
easy access to study deep-divers and oceanic species. Here, social
groups of females and immature sperm whales are present year-
round, with the occasional presence of visiting males (Andre, 1997;
Silvaetal., 2014; Fernandez et al., 2021). This biogeographic region
is known to be used by sperm whales for reproduction, besides
feeding and calving (Clarke, 1956; Andre, 1997; Steiner et al., 2012;
Correia-Fagundes & Romano, 2013; Silva et al., 2014; Alves et al.,
2018; Mullin et al., 2022). The sperm whale was the target species of
a whaling activity that killed around 26 000 individuals in the
Azores and Madeira, while in the Canaries it was a residual activity.
This resulted in a reduction of 55% of the population in this region
(Cabral etal., 2005; Brito, 2008; Perez, 2011). Currently, these three
archipelagos are important destinations for whale-watching, with
as many as 30 cetacean species identified so far, where the sperm
whale is one of the target species in the Azores and, to a lesser extent,
in Madeira (Freitas et al., 2012; Silva et al., 2014; Ferreira et al., 2017;
Alves et al., 2018; Cartagena-Matos et al., 2021; Herrera et al., 2021;
Mclvor et al., 2022). In Macaronesia, and specifically in the
Canaries, collision with ships is nowadays a relevant threat to the
population of sperm whales, presenting one of the world’s highest
rates of ship strikes, with an annual average of two stranded whales
from ship-strikes (Fais et al., 2016). Due to the oceanic habits of
sperm whales, many more events may go unreported in oftshore
waters, creating a high level of conservation concern. Therefore, the
sperm whale is still vulnerable to human-induced disturbances in
these remote archipelagos.

To understand population movement patterns and life history,
itis essential to evaluate site fidelity and residency (Baird et al., 2008;
Tschopp et al., 2018). Site fidelity, defined as the tendency of an
animal to return to a previously occupied place, is a well-
documented behavior in many taxonomic groups (e.g., birds,
Hoover, 2003; Iverson & Esler, 2006; seals, Lunn & Boyd, 1991;
Pomeroy et al., 2001; insects, Switzer, 1997). It is known to provide
evolutionary benefits and may increase survival (Greenwood, 1980;
Switzer, 1993; Bose et al., 2017). Sperm whales, like other
mammalian species (e.g., deers, Bose et al., 2017; elephants,

frontiersin.org


https://doi.org/10.3389/fmars.2022.1021635
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Ferreira et al.

Archie et al, 2006), demonstrate female philopatry and male
dispersal due to the higher dependency of females on local
resources (Greenwood, 1980). Male sperm whales show limited
site fidelity to their feeding grounds, with few possible resident
individuals (Jaquet et al., 2000; Lettevall et al., 2002; Rodland &
Bjorge, 2015; Somerford et al., 2021). On the other hand, females
exhibit site fidelity across years in several locations (e.g., Caribbean,
Gero et al,, 2014; Mediterranean Sea, Drouot-Dulau & Gannier,
2007), which may lead to genetic differentiation of specific
populations (Engelhaupt et al., 2009).

Studies exploring site fidelity and residency of sperm whales in
the oceanic environment of the Eastern North Atlantic are limited to
the archipelago of the Azores, where both photographic-
identification and genetic studies indicate some degree of site
fidelity in females, although there are no permanent resident
individuals (Matthews et al., 2001; Silva et al., 2006; Pinela et al.,
2009; van der Linde & Eriksson, 2020). The more than 40 individual
photographic-identification matches within the Macaronesian
archipelagos of the Azores, Madeira, and Canaries (Steiner et al,
2015; Steiner, 2022) indicate that these animals carry out inter-
archipelago movements and support the existence of a single
population in this region of the Atlantic. Nevertheless, quantitative
information on site fidelity and residency times is limited (to one
archipelago) or unavailable for Macaronesia.

Here, photographic data of sperm whales from three subareas
of Macaronesian archipelagos were used to investigate and
quantify this species’ habitat use, with a main focus on Azores
and Madeira. More specifically, composite indexes and likelihood
techniques were applied to i) calculate the site fidelity of sperm
whales in subareas of the Azores and Madeira, and ii) estimate
residency times to inform on the movements in and out of these
areas. Filling these knowledge gaps regarding population habitat
use will provide novel insights into future coordinated efforts
between the countries involved (i.e., Portugal and Spain) to
establish transborder conservation measures.

Material and methods
Study area

This study was conducted in subareas of three oceanic
archipelagos of Macaronesia: around Pico and Faial islands in the
Azores (approximately 3 500 km?), south and southeast of Madeira
island (approximately 800 km?), and along the eastern coast of
Lanzarote and Fuerteventura in the Canaries (approximately 6 500
km?) (Figure 1). The biogeographical unit of Macaronesia, by
definition, also includes Cabo Verde islands; however, recent
studies support the exclusion of the latter due to considerable
differences, specifically regarding marine biodiversity, and
aggregates the three remaining archipelagos in one province within
the Lusitanian ecoregion (Spalding et al., 2007; Freitas et al., 2019).
These warm-temperate archipelagos are located in the Eastern North
Atlantic Ocean, between latitudes 28 and 39°N, and share natural,
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geological, oceanographic, and biogeographical features (Freitas
et al, 2019). The Azores archipelago is located approximately 1
800 km west of Lisbon (Portugal), around the Mid-Atlantic Ridge,
and is surrounded by very narrow shelves and steep slopes, with the
frequent presence of seamounts, and a mean depth of about 3 000 m
(Morato et al.,, 2008). The Madeira archipelago is located
approximately 1 000 km off the European continent and 500 km
off the African coast, being also surrounded by steep submarine
canyons and deep waters (approximately 1 500 m in depth) very close
to the coast, due to the lack of a continental shelf (Geldmacher et al.,
2000). The Canaries archipelago is located 100 km off the African
coastline and is formed by seven main islands, that extend over
500 km. The average depth increases towards the west, from depths of
1200 m in Lanzarote and Fuerteventura (the most eastern islands) to
4000 m in La Palma and Hierro (the most western islands) (Valdés &
Deniz-Gonzalez, 2015).

Data collection and photographic analysis

Photographic-identification (hereafter, photo-id) data from
sperm whales were collected in the three subareas. In the Azores,
data was collected from April to October, from 2014 to 2019, during
dedicated research and opportunistic surveys (whale-watching
trips). In Madeira, data was collected year-round from 2007 to
2019 during dedicated research and opportunistic surveys (whale-
watching trips). In the Canaries, data was collected year-round in
2009, 2011 and 2012 during dedicated research surveys.

In each subarea, photographs were collected and classified
into a catalogue following standard photo-id procedures
(Arnbom, 1987; Wiirsig & Jefferson, 1990). Sperm whale
individuals were identified using photographs of the ventral or
dorsal side of the fluke based on natural or acquired markings on
the trailing edge. Scars and pigmentation patterns on the fluke
and peduncle were used to confirm matches. Each photograph
was graded for quality (from l=poor to 4=excellent) and
distinctiveness (from 1=non-distinctive to 4=very distinctive)
(Alves et al, 2013). To maximize the reliability of each of the
three catalogues (one per subarea), the analysis was limited to
photographic quality and distinctiveness ratings from 2 to 4.
Each catalogue was compiled visually by a single researcher and
verified whenever needed by experienced secondary researchers.

For the three subareas, catalogues were analyzed to determine
the number of individuals captured only once and of individuals
that presented recaptures. Recaptured individuals were then
classified taking into consideration if the recaptures were intra-
annual (i.e. all the recaptures of the individual occurred within the
same year) or inter-annual (i.e. at least one of the recaptures
occurred in a different year). Percentages of the individuals
captured once and with intra and inter-annual recaptures were
then calculated, and the capture frequency histograms were plotted.
Discovery curves were created by plotting the cumulative number
of identifications against the number of identified individuals
throughout the study period. When the population is fully
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FIGURE 1

Location of the study area in the Eastern North Atlantic, Macaronesia, formed by the archipelagos of the Azores, Madeira, and the Canaries. Bathymetry
ranging from approximately 1 000 to 4000 m, from white to blue, respectively. n indicates the number of identified individuals in each archipelago.
Percentages refer to the proportion of individuals captured once and of individuals recaptured inter-annually. Number of individuals and time spent in
and out of the area refer to the estimates of the best model of lagged identification rates (Table 2). Illustration by E. Berninsone © ARDITI.

identified, the curve reaches a plateau; but if the curve is is usually done at an individual level. Therefore, the development
continuously growing and no stabilization occurs, it means that of a standardized index that provided information of site fidelity at
there are still new individuals being added to the catalogue. This a populational level and allowed for comparison between studies
analysis was performed with Socprog 2.9 (Whitehead, 2009). was needed. SSFI was the index that had the best performance in

all of the evaluated scenarios (both theoretical and with real data)
and was calculated based on the indicators of permanence
and periodicity.

Site fideli ty an d resi dency analysis . Permanenc.:e (IT) is the proportion of time in the study area
given by the time between the capture and last recapture (F;),

th, li iod (F):
Evaluation of site fidelity and residency were only conducted over the sampling period (F)

for the Azores and Madeira datasets, since the dataset from the F.
Canaries presented very few recaptures, which did not allow “F
further analysis. A truncated dataset was used for Madeira to Periodicity (If) is the recurrence of an individual, determined
homogenize the effort, restricting to the years with the highest
effort, i.e. from 2014 to 2019.

Site fidelity of sperm whales was assessed using the F -1
Standardized Site Fidelity Index (SSFI), a composite site fidelity Ity = (W;_l)

=

index developed by Tschopp et al. (2018). Definition and

by the inverse of the average time between successive recaptures:

quantification of site fidelity varies greatly among research where c; indicates a capture (one) or an absence to capture
studies and is largely dependent on species behaviour, life cycle (zero) of an individual i on the sampling occasion j, and T is the
and research objectives, among others (Tschopp et al., 2018). Also, number of sampling occasions.
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SSFI is therefore defined as:

2
1,1
T

SSFI =

SSFI quantifies site fidelity at a populational level using
capture-recapture data and varies between zero (population
without site fidelity) and one (resident population). This index
works when effort is not constant and when the detection of the
subject presents difficulties. This is the case with cetaceans in
general and sperm whales in particular, due to their long diving
periods associated with feeding (Cantor et al.,, 2019).

Likelihood techniques were used to estimate parameters of
residency models (Whitehead, 2001). These techniques use
datasets where animals are identified individually, but the
identifications are distributed neither randomly nor
systematically in space or time, and where the identifications
themselves are used as a measure of effort. To estimate residency
times, we applied the models developed by Whitehead (2001), that
evaluate the estimated population size in the study area, the
amount of time an individual spends within an area and the
movements into and out of that area. Lagged identification rates
(LIR) were calculated, which estimate the probability that an
individual identified in the study area at any given time will be
identified again in the study area some time lag after (Whitehead,
2001). Due to overdispersion (when the variance inflation factor
>3, which may represent fundamental problems with the data;
Lebreton et al., 1992), data from the Azores was limited to the
months with the most homogeneous number of identifications
(June to September). Since overdispersion for the Madeira dataset
<3, the entire year was used in the analysis. The sampling period
was defined as day for both archipelagos. Estimated LIRs were
compared to expected LIRs from exponential mathematical
models of residency established by Whitehead (2001) and fitted
using maximum-likelihood methods. The model with the lowest
quasi-Akaike information criterion (QAIC) was selected as
providing the best fit to the data (Whitehead, 2009). Precision

10.3389/fmars.2022.1021635

(SE) was estimated using a bootstrap method. The analysis was
performed with Socprog 2.9 (Whitehead, 2009).

Results
Photographic analysis

Information on the photographic analysis for the three
archipelagos is presented in Table 1. The number of
individuals identified in the Azores is higher than in Madeira
and the Canaries. However, Azores and Madeira showed
similarities in the percentages of individuals captured only
once (74.3 and 77.7%, respectively) and, consenquently, of
individuals with recaptures (25.7 and 22.3%, respectively).
These two archipelagos also presented a higher prevalence of
individuals recaptured in more than one year (68.9% for the
Azores and 87.1% for Madeira). In the Canaries, only 11
individuals presented recaptures (maximum two recaptures),
all captured on the same two dates in 2009 and 2011. In
Madeira, there was a maximum of 14 inter-annual recaptures,
while in the Azores, the maximum was 27 (Figure 2A). The
discovery curves indicated that, for all archipelagos, the number
of individuals identified has not stabilized, and therefore the
whole population is yet to be sampled (Figure 2B). Nevertheless,
the curves for the Azores and Madeira were very similar in
shape, despite the differences in the number of identified
individuals, and presented an initial tendency for stabilization.
The Canaries curve was still in linear growth with no signs
of stabilization.

Site fidelity and residency analysis

For the subarea of the Azores, the SSFI showed a median of
0.0067 (SD=0.0093, range 0.0056-0.0078; IT median=0.3207,

TABLE 1 Total number and percentages of catalogued individuals for the three archipelagos.

Total number of

Individuals

Individuals with recaptures

Area catalogued individuals captured once Total Intra-annual Inter-annual
Azores

Number 1276 948 328 102 226

% 74.3 257 311 68.9
Madeira

Number 278 216 62 8 54

% 77.7 223 12,9 87.1
Canaries

Number 153 142 11 0 11

% 92.8 7.2 0 100

Individuals were classified into animals presenting one capture and more than one recapture, whether the recaptures were within the same year (intra-annual) or in different years

(inter-annual).
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(A) Capture frequency histograms for individual sperm whales for the three subareas of the Azores, Madeira and the Canaries. Most of the
individuals of the three subareas were captured only once. Captures were aggregated in categories to facilitate visualization. (B) Discovery
curves for individual sperm whales in the three subareas, based on the cumulative number of identifications concerning the number of

identified individuals throughout the study period.

SD=0.2818; It median = 0.0045, SD=0.1946). For the subarea of
Madeira, SSFI presented a median of 0.0094 (SD=0.0069, range
0.0076-0.0112; IT median=0.3713, SD=0.2388; It
median=0.0056; SD=0.1928) (Figure 3).

Four residency models were fitted to the lagged identification
rate: “closed” (no changes in the individuals present in the area),
“emigration/mortality” (individuals leave the area and never
return), “emigration + reimmigration” (individuals leave the area
and may return), and “emigration + reimmigration + mortality”
(individuals leave the area and may or not return due to emigration
or mortality) (Table 2). The model that best fitted the LIR for the
Azores subarea was Emigration + reimmigration and for Madeira
subarea was Emigration + reimmigration + mortality (Table 2,
Figure 4). For the Azores subarea, from June to September, there
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was an average of 44.8 individuals (SE = 4.9) at any given time and
individuals resided in the area for 12.9 days (SE = 1.5), before
leaving for 99.1 days (SE = 12.5); goodness of fit x* =1643.563, df =
455, P = 0. For the Madeira subarea, there was an average of 8.4
individuals (SE = 16.1) at any given time and individuals resided in
the area for 0.8 days (SE = 6.6) before leaving for 8.6 days (SE = 6.9),
with a very low mortality rate of 0.0008 (SE = 0.0002); goodness of
fit x* = 91.534, df = 58, P = 0.0033.

Discussion

This study provides the first assessment of site fidelity and
residency of sperm whales in a remote oceanic environment in
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FIGURE 3

Violin chart for the Standardized Site Fidelity Index (SSFI) for the
archipelagos of Azores and Madeira. SSFI varies between 0 and 1,
with zero being a population without site fidelity and one for a
resident population

the Eastern North Atlantic. It brings forth valuable insights for a
threatened species population whose offshore habitat and deep-
diving behavior impair data collection. Through the
collaborative effort from national and international teams, it
was possible to identify areas in Macaronesia as important
habitats for a portion of the population of sperm whales
inhabiting the North Atlantic. Moreover, it is shown that

10.3389/fmars.2022.1021635

individuals used this region intra- and inter-annually.
Although this study brings forth important scientific
knowledge, it is nonetheless a preliminary approach due to,
among other factors, its geographic limitation that impairs the
extrapolation of these conclusions to the whole Macaronesia.
This first characterization allows to identify existing data gaps in
Macaronesia and highlights the increasing need to obtain
reliable quantitative data from more extended areas to obtain a
solid assessment of sperm whales in this area of the Eastern
North Atlantic. For the Canaries, the dataset did not allow for
more than preliminary results, and therefore the main core of
this study was conducted in subareas of the Azores and Madeira
archipelagos. This study also highlighted the importance of
using both opportunistic and dedicated effort when working
with species displaying pelagic habits, such as the sperm whale.
This contributed to a more profound knowledge that will allow
implementing appropriate conservation measures.

The findings of this study are inferred from a combination of
different analyses that support three broad main results. First,
there is heterogeneity in capture probability, given that
approximately % of the identified individuals of the Azores
and the Madeira subareas (25.7% and 22.3%, respectively)
were captured more than once, with most of these (68.9% for
the Azores and 87.1% for Madeira) presenting inter-annual
recaptures. This result strongly indicates the importance of
these subareas for a portion (%) of the population that uses it
on a regular basis, supporting previous studies (Silva et al., 2006;
Boys et al., 2019; van der Linde & Eriksson, 2020). The Canaries
dataset presents individuals captured mainly once (92.8%),
which, together with the linear growth demonstrated by the
discovery curve, indicates that the entire population is still far
from being captured. This is most likely due to two reasons: i)
low sampling effort, with the dataset covering only three years
with homogenous effort and with a relative low number of
identified individuals, and ii) geographic limitation (already a
limitation for this study in general), with previous studies

TABLE 2 Models fitted to lagged identification rates (LIRs) for sperm whales in the archipelagos of the Azores and Madeira from 2014 to 2019.

Area
Model

Azores
Emigration + reimmigration

Emigration + reimmigration + mortality

[ ST

Emigration/mortality
Closed 1
Madeira

Emigration + reimmigration + mortality

Emigration/mortality

[FEEINTNS

Emigration + reimmigration

Closed 1

No. of parameters

QAIC Summed log likelihood
20244.6 -37804.1

20281.9 -37869.9

20646.0 -38557.4

20763.7 -38781.1

5080.9 -4004.5

5085.8 -4011.6

5127.3 -4042.7

5141.8 -4057.3

For the Azores, only data from the peak season (June to September) were used, while for Madeira was year-round. Models used following Whitehead, 2001.
Models ranked by the quasi-Akaike information criterion (QAIC); the lowest QAIC (in bold) indicates the best-fitting model.
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FIGURE 4

Lagged identification rates (LIRs) for sperm whales in the
archipelagos the Azores (Silva et al., 2013; Prieto et al,, 2014;
Gonzalez-Garcia et al,, 2022) and Madeira from 2014 to 2019.
For the Azores, analysis was restricted to the peak season, from
June to September, while for Madeira was year-round. The
figures show the probability that an individual identified in the
study area at any time will be identified again in the study area
some time lag after. The line represents the best-fitting model
according to Table 2, and the vertical bars indicate standard
errors calculated using the bootstrap method.

reporting a higher presence of sperm whales in other areas of the
Canaries archipelago unsampled in this study (Andre, 1997; Fais
et al., 2016; Correia et al., 2020; Herrera et al., 2021). Broader and
more systematic research on sperm whales is needed for the
Canaries, especially considering that this area could work as an
sink habitat due to the high mortality associated with ship strikes
(Fais et al., 2016). Taking into consideration the existing
connection between Macaronesian archipelagos already
demonstrated by photo-id and genetics (Pinela et al., 2009;
Steiner et al, 2015; Steiner, 2022), this could be causing a
decrease in the Macaronesian population (as demonstrated
with the stranding in the Canaries in 2019 of an individual
already sighted in the Azores, with signs of ship strike; Vidal
Martin and Lisa Steiner own data). This impact could include
the whole North Atlantic population if we consider the
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movement of males between Macaronesia, Norway, and the
Bahamas (Steiner et al., 2012; Mullin et al., 2022).

Second, the site fidelity index values for the Azores and
Madeira subareas are similarly low (0.0067 + 0.0093 and 0.0094
+ 0.0069, respectively; SSFI varies between 0 and 1). This follows
the results of the photo-id analysis and supports that only a minor
part of the population presents site fidelity to these subareas, while
the majority uses them as passage. Studies focusing on site fidelity
of sperm whales in this area of the Atlantic are limited to the
Azores archipelago and indicate a lack of geographical and genetic
structure, providing indirect evidence of site fidelity over short
periods as well as between years from part of a larger oceanic
population (Matthews et al, 2001; Pinela et al., 2009). Sperm
whales are known as ocean nomads, with both solitary males and
social groups of females and juveniles traveling thousands of
kilometers regularly (Cantor et al., 2019), although recent
studies have identified populations with solid site fidelity (e.g.,
Gero et al,, 2014; Vachon et al, 2022). The complex social
structure and the large spatial and temporal scales in which
sperm whales occur are challenging for understanding their
populations and ecology (Kaschner et al, 2012). Differences
arise not only between populations but also between oceans,
with the North Atlantic populations of sperm whales being
more geographically and genetically structured than the Pacific,
demonstrating shorter range movements and smaller group sizes,
together with a higher number of calves (Whitehead et al., 2012).
Therefore, extrapolating results across geographical areas without
corroborating them with regional observations could provide
incorrect conclusions (Kaschner et al., 2011; Vachon et al., 2022).

Third, the LIR estimates for the Azores and Madeira
subareas support the previous results, with individuals
spending more extended periods out of the sampled areas than
within. For each area, the best model presented differences in
QAIC that vastly surpassed the minimum value of two required
for the model choice, reinforcing the selection of the best-fitting
model as the most appropriate one (Burnham & Anderson,
2002). This is also in agreement with the model selected from an
ecological viewpoint, given the high levels of emigration and
reimmigration expected from highly mobile species inhabiting
vast oceanic areas, as also shown by other cetaceans in the region
(Silva et al., 2013; Prieto et al., 2014; Dinis et al., 2016; Alves
et al., 2019; Ferreira et al., 2021; Badenas et al., 2022; Gonzalez-
Garcia et al.,, 2022). Moreover, previous studies on the target
species for the Azores Archipelago support these results (Silva
et al., 2006; Boys et al., 2019; van der Linde & Eriksson, 2020),
while for Madeira, this is the first study to conduct such analysis.

This study presents inevitable limitations associated with data
collection, by joining information from multiple platforms across
several areas, that covered only a small part of each archipelago.
This invalidates the comparison between archipelagos, providing
instead a characterization for each of the surveyed subareas: Pico
and Faial islands in the Azores, south and southeast of Madeira
island, and the eastern coast of Lanzarote and Fuerteventura in the
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Canaries. Also, while in Madeira and the Canaries the surveys took
place year-round, in the Azores the weather conditions in the
Winter invalidated such temporal scale, and data does not cover the
entire year. However, the extended data collection period, together
with the use of only good quality pictures and distinctive
individuals, helped minimizing biases. In the Canaries, the
smaller dataset hindered part of the analysis, and therefore more
effort is needed for conclusions to be made regarding this area. This
is already taking place with an ongoing project dedicated to the
sperm whales in the Canaries. Opportunistic data is increasingly
being used in cetacean research (e.g., Moura et al., 2012; Hupman
et al, 2015; Alves et al,, 2018; Fernandez et al., 2021). Although it
presents limitations, those can be surpassed with adequate data
analysis. The chosen index for this study, SSFI (T'schopp et al,
2018), is appropriate for situations where detection is not perfect,
and the effort is heterogeneous, as in our study, thus providing
robust quantifications of site fidelity at a populational level. This
index accounts for the behavioral aspects of the target species and
the characteristics of the sampling effort, which significantly
improved the reliability of these results. Moreover, the use of
likelihood techniques for residency parameters takes into
consideration heterogeneous effort (Whitehead, 2001; Vachon
et al., 2022).

Knowledge of biogeographical movement patterns is still
limited for most pelagic species. Nevertheless, it is pivotal since
many animals may encompass large geographical ranges within
and beyond national waters (Dunn et al, 2019). The sperm
whale is a cosmopolitan species with a complex differentiated
behavior between sexes and populations. Yet, although having
been the target of several studies worldwide (e.g., Drouot-Dulau
& Gannier, 2007; Engelhaupt et al., 2009; Whitehead et al., 2012;
Boys et al.,, 2019; Cantor et al., 2019), information on movements
at the individual level is scarce for many populations. Its global
threatened statuses require dedicated effort to establish
conservation measures; however, its oceanic habitat hinders
data collection and the coordination between stakeholders and
governments. Conservation measures should include not only
the core-used areas where social groups spend most of their
time, exhibiting higher degrees of philopatry, but also the
corridors used by males during their migrations between
feeding and breeding grounds (Gero et al., 2014; Sahri et al,
2022). Remote islands such as the ones in Macaronesia provide
an excellent location for studying this marine predator and/or
the effects of anthropogenic threats, but surveillance of the open
ocean is paramount since only a small part of the population
approaches the islands regularly. For example, recent
assessments of the cetaceans’ vulnerability to climate change in
the biogeographic region of Macaronesia showed that the sperm
whale presented a moderate to high vulnerability score (Sousa
et al,, 2019; Sousa et al, 2021). All combined, identifying the
critical habitats for sperm whales, both offshore and closer to
islands, as well as quantifying parameters of fidelity and
residency at the individual level, is a crucial issue in the
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conservation of populations that may show considerable
variability in their habitat use (Vachon et al., 2022).
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