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The bottlenose dolphin Tursiops truncatus is one of the most frequently sighted cetacean species in the
Madeira Archipelago (North-East Atlantic); however, little is known about its population ecology in these waters.
Photo-identification undertaken during systematic, non-systematic and opportunistic surveys conducted between
2001 and 2012 was used to assess group dynamics, site fidelity, residency and movement patterns of bottlenose
dolphins in the archipelago. Three different patterns of residency were assigned, based on individual sighting
histories. Group size ranged between 2 and 90 individuals (median 12), with no significant monthly difference in
group size. All resident dolphins formed a core, complex network with migrant and transient dolphins. In contrast,
satellite clusters were formed exclusively by transient individuals. The lagged identification rate (LIR) model
indicated that a dolphin remained in the area for an average of 90 days, whereas the average time an individual
spent outside the study area was approximately 313 days. The Madeira Archipelago appears to be only a section
of a much larger home range for this population, with the dolphins exhibiting three different patterns of occurrence
that associate with each other. The information gained about this poorly studied population contributes to the

overall knowledge of bottlenose dolphins in insular oceanic habitats.

Keywords: Macaronesia, photo-identification, residency, social network

Introduction

Patterns of residency and site fidelity are often indicative of
the ecology of a population; evidence of repeated sightings
in the same area can be used to establish core areas or
ranges of individuals and to identify important habitats.
Residency is generally defined based on the amount of time
an individual spends in a certain geographic area (Wells
and Scott 1990). The parameters used to define residency
in studies of cetaceans vary widely and are usually
influenced by the local geography, as well as the access of
researchers to the population of interest. This often requires
long-term studies of populations, which can be particularly
challenging when studying highly mobile species, such as
bottlenose dolphins Tursiops truncatus. Coastal bottlenose
dolphins tend to form resident or semi-resident populations
across their distribution. For example, bottlenose dolphins
are year-round residents in Sarasota Bay, Florida, and
the Moray Firth, Scotland (Scott and et al. 1990; Wilson
et al. 1997), whereas those identified in Bahia Kino, Gulf
of California, and in the Shannon Estuary, Ireland, are not
(Ballance 1992; Ingram and Rogan 2003). Studies of bottle-
nose dolphins around oceanic islands are limited (Baird et
al. 2009) and these populations are likely to present different
conservation needs than in more neritic areas. The pelagic
waters of the Madeira Archipelago are one of the most

isolated oceanic habitats of the North Atlantic (Alves et al.
2013). Residency of animals in isolated oceanic habitats
is more difficult to establish than in more enclosed areas.
Studies in remote open-ocean systems often rely on site
fidelity, the tendency for individuals to return or to remain
in the same area over a period of time (Baird et al. 2008).
However, bottlenose dolphins inhabiting open habitats tend
to occur in large groups, with low site fidelity and extensive
movement patterns (Bearzi 2005; Silva et al. 2008).

The size of an area typically surveyed in the open
ocean (e.g. 4 818 km? in the Madeira Archipelago; Alves
et al. 2013) is much larger than that surveyed in locations
such as bays and estuaries (e.g. 336 km?; Martinho 2012).
Therefore, lower encounter rates in the open ocean are
expected and the definition of residency should be adjusted
accordingly. Little is known about residency and movement
patterns of bottlenose dolphins in the Madeira Archipelago.
Previous studies have shown that these dolphins are one of
the most frequently sighted cetaceans both during research
surveys and whale-watching trips (Ferreira 2007; Dinis et
al. 2009), but more-detailed information about population
dynamics is still lacking. Determining whether a population
or part thereof is dependent on a specific area is crucial for
future management decision-making.
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In the past few years, bottlenose dolphins in the
Madeira Archipelago have been exposed to an increase
in whale-watching activity (Ferreira 2007). The activity
was regulated in 2013, limiting the number of participating
companies and establishing areas where whale watching
is restricted or prohibited, yet potential effects on dolphins
remain poorly understood.

This study intends to add knowledge of populations of
bottlenose dolphins inhabiting oceanic habitats in order
to improve mitigation measures and future conservation
management plans for Madeiran waters and for similar
isolated oceanic bottlenose dolphin habitats. Long-term
photo-identification data of bottlenose dolphins from both
systematic and non-systematic research surveys were used
to determine group dynamics. Moreover, additional data
from opportunistic encounters by whale-watching boats
were used to assess the level of residency and site fidelity,
as well as to investigate movement patterns within and
outside the study area.

Material and methods

Study area, field surveys and photo-identification

The archipelago of Madeira (Portugal) is located in the
warm-temperate waters of the North-East Atlantic Ocean
(32° N, 17° W), nearly 1 000 km from the European continent
and 500 km off the north-west coast of Africa (Figure 1).
The archipelago is part of the Macaronesia biogeographic
region, which includes Cape Verde, Madeira, the Canary
Islands and the Azores, plus a small area of the north-west
African coast. Systematic surveys were conducted in eight
pre-established sectors around the islands of Madeira,
Desertas and Porto Santo in 2001, 2002 and 2004, and
from 2007 to 2012 (Figure 2a). Non-systematic surveys
were conducted in four pre-established sectors from 2004
to 2007 and from 2010 to 2012 (Figure 2b). These sectors
were established after taking into account the nature of the
islands’ coasts, the bathymetry and the logistics associated
with surveying each area. The surveys were part of a larger
research programme that aimed to collect baseline distribu-
tion data for all cetacean species, and whenever bottlenose
dolphins were encountered, photo-identification data were
collected. Alves et al. (2013) provide detailed information on
the survey methods.

A photo-identification catalogue was compiled and a
dataset of capture histories was subsequently created,
where a successful photo-identification of an individual in a
given sampling event was defined as a capture (Wirsig and
Jefferson 1990).

Photographs were graded as ‘good’, ‘fair or ‘bad’,
according to their level of focus, contrast and exposure, the
angle of the dorsal fin to the camera and the size of the
dorsal fin in the frame. Additionally, the distinctiveness of
each frame was graded as ‘very distinct’, ‘distinct’, ‘slightly
distinct’ or ‘unmarked’, based on the number and location of
‘nicks’ on the dorsal fins. Only good quality and very distinct
or distinct photographs were used in this study, in order to
enhance the reliability of matches. Calves were excluded
from the photo-identification analysis.

All photo processing was done using Darwin®© 2.0 (Eckerd
College Dolphin Research Group), including cropping the
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Figure 1: Map of the main study area with the division of the eight
sectors used in this study: Sector 1 — Madeira North; Sector 2 —
Madeira West; Sector 3 — Madeira South; Sector 4 — Desertas
East; Sector 5 — Desertas West; Sector 6 — Channel; Sector 7 —
Porto Santo South and Sector 8 — Porto Santo North (adapted
from Alves et. al. 2013). Inset shows the location of the Madeira
Archipelago in the North-East Atlantic

dorsal fin area and adjusting light and contrast. A trailing-
edge contour was extracted, which was identifiable from
both sides (Auger-Méthé and Whitehead 2007), and the
programme was used to compare the extracted fin contour
with all others stored in the database. Secondary features,
such as fin shape or scars, were used to confirm a match
using the naked eye. Whenever a match was found and
confirmed, the same identification number as that of
the individual stored in the database was assigned. If the
programme did not find a match, a visual comparison with
all the individuals in the catalogue was attempted, using the
number of nicks in the dorsal fin. If there was still no match,
a new identification number was attributed to that individual
and it was added to the catalogue.

Group dynamics

In this analysis, the term ‘group’ was used as the sampling
unit and was defined as all dolphins sighted within 100 m
radius of each other (Wells et al. 1987). Group size was
estimated as the average of a count of the minimum number
of animals and an estimate of the maximum number. Group
composition was determined by counting the minimum
number of adults, juveniles and calves present. For this
analysis, only data from research surveys from 2004
onwards were considered; whale-watching data were
excluded due to lower confidence associated with estimates
of group size/composition. Sightings recorded both in search
mode and off-effort during the two types of surveys were
considered in order to provide more-robust analyses.

A one-way ANOVA was used to investigate whether
there were significant differences in group size between
months. The assumptions for the ANOVA (o = 0.05)
analyses were tested using Shapiro-Wilk and Levene’s
tests. All the analyses were conducted using R 3.0.2
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Figure 2: Maps of survey effort within predefined sectors from 2001 to 2012: (a) systematic surveys; (b) non-systematic surveys

software (R Development Core Team 2012). Additionally,
the seasonality of groups with calves was investigated and
the percentage of encounters that displayed interspecific
interactions was calculated.

Site fidelity

Site fidelity was determined by examining the sighting
frequency (number of sightings of each individual), number
of years observed and mean monthly sighting rate (MMSR).
Data from whale-watching boats were included in the
analysis of the sighting frequency and number of years
observed. The monthly sighting rate was calculated as
the proportion of months a given individual was seen in
relation to the number of months surveyed during that year.
The overall mean was then obtained by averaging this
value across the years the animal was observed (Silva et
al. 2008). A value of MMSR = 1 implies that an individual
was seen in all the surveyed months in the years it was
observed in the study area. A Kruskal-Wallis test was
used to determine whether MMSR differed with respect
to the numbers of years dolphins were sighted. Shapiro—
Wilk and Levene’s tests were used to test the associated
assumptions.

Residency

Residency in the study area was examined using social
network analysis and lagged identification rate (LIR). Social
network diagrams were produced with Netdraw 2.136
(Borgatti 2002). Using nodes to represent individuals and
lines to link associated individuals, such diagrams graphic-
ally display the social organisation within a population.

Only individuals seen in association with other individuals
between 2004 and 2012 were used in this analysis. The
residency pattern was included as an individual attribute.
Residency patterns were assigned to individual dolphins
based on their capture histories. The term ‘resident’ was
used to designate dolphins that were seen regularly during
the study period in the study area (during three seasons in a
year and in more than two consecutive years). Following the
nomenclature used in capture-recapture studies, ‘transient’

dolphins were defined as those seen just once in the main
area (Pradel et al. 1997). Dolphins seen more than once,
but in non-consecutive years, were considered ‘migrants’
(Kendall et al. 1997).

The amount of time individuals spent within all the
eight sectors of the study area was examined using LIR,
calculated in SOCPROG 2.4 (Whitehead 2009). Given that
an animal of the study population can be identified only if
present in the study area, it is important to assess the
potential for the animals to leave the area. LIR provides
the probability that an individual observed in the study area
at a given time will still be present t time-lags in the future
(Whitehead 2008).

Movements into and out of the whole study area were
investigated using photo-identification data of all individuals
photographed between 2004 and 2012. LIR was displayed
graphically, and models generated in SOCPROG 2.4
(Whitehead 2009) were fitted to the data using maximum
likelihood and binominal loss. The model with the lowest
quasi Akaike information criterion (QAIC) was selected as
providing the best fit to the data (Whitehead 2009).

LIR was calculated using the sighting histories of
all individuals, including transients, and represents an
average residency rate for the animals that were included
in the analysis. The same dataset used for building the
social network was also used in the LIR analysis, with an
established sampling period of a day.

Movement patterns

Transition probabilities for movements between sectors
within the main study area were calculated in SOCPROG
2.4 (Whitehead 2009). In addition, an undefined area
representing the entire area outside the study area was
included in the analysis to account for movements from
a specific sector to a non-surveyed area. Using the same
dataset as for the LIR analysis, a parameterised Markov
model was used to assess movements among sectors.
This model generates estimates for each time-unit in which
individuals have a certain probability of moving from one
area to another, while accounting for permanent emigration
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in a single day (Whitehead 2009). The probability of an
individual remaining in the study area one sampling period
later (p) was also calculated following Whitehead (2009),
i.e. by subtracting from one the sum of the transition
probabilities in its corresponding row.

Results

Group dynamics

Group size and composition were examined for 242
encountered groups between 2004 and 2012, including
185 groups encountered during search (on-effort) mode
(Table 1) and 57 encountered opportunistically. Group
size ranged from 2 to 90 individuals (median 12). The most
common group size was 6—10 dolphins (n = 56) (Figure 3).
The ANOVA showed no significant differences in group size
across months (F= 1.2, df =11, p = 0.23) (Figure 4).

Calves were present in 26.4% of groups, with the
remaining groups consisting either of adults or adults
together with juveniles. Groups with calves were seen
year-round, with a peak in the early spring and another in
late summer/autumn (Figure 5).

In 36 encounters (14.9%), bottlenose dolphins were
observed in association with another cetacean species. The
short-finned pilot whale Globicephala macrorhynchus was
the species most commonly found in association with bottle-
nose dolphins (n = 23); on each occasion, a small number
of dolphins were seen among the whales. The second most
common association was with Bryde’s whales Balaenoptera
edeni (n = 6), in which dolphins were seen near a whale
when it was feeding.

Site fidelity

Individual sighting histories varied greatly. Some individ-
uals were sighted only once during the study period, others
up to 13 times (median = 2). Of the total of 501 individuals
catalogued, 108 (21.5%) were resighted in more than one
year, with 15 sighted in four or more consecutive and/or
non-consecutive years (3.2%) (Figure 6).

Individuals Tt032 and Tt086 were first documented
in 2002 and subsequently resighted 12 and 13 times,
respectively, during different months and years until 2012
(Appendix). Individual Tt009 was recorded in eight years,
i.e. nearly every year of the study period, with the exception
of 2004, 2006 and 2009.

The MMSR was generally low (range 0.12-0.45; median
0.23). Although it appeared to increase with the number
of years the dolphins were seen, there was no significant
relationship (H = 6.06, df =6, p = 0.41).
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Figure 3: Frequency of group sizes of bottlenose dolphins based
on field counts between 2004 and 2012 in the Madeira Archipelago
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Figure 4: Monthly distribution of group size of bottlenose dolphins.
The bottom and top of the box represent the first and third quartiles,
respectively; the band inside the box is the median. Vertical bars
correspond to maximum and minimum group size and points
represent outliers. One-way ANOVA showed no significant
difference in group size across months

Table 1: Distance surveyed, number of groups and encounter rate of bottlenose dolphins sighted per year and type of survey from 2004 to 2012

Non-systematic surveys Systematic surveys Total

Year Distance No. of Encounter rate Distance No. of Encounter rate Distance No. of

surveyed (km)  groups (sightings per 100 km) surveyed (km) groups (sightings per 100 km) surveyed (km)  groups
2004 455 17 3.74 652 7 1.07 1107 24
2005 1853 17 0.92 - - - 1853 17
2006 2 005 11 0.55 - - - 2 005 11
2007 649 6 0.92 919 6 0.65 1568 12
2008 - - - 2274 15 0.66 2274 15
2009 - - - 500 4 0.80 500 4
2010 953 13 1.36 1551 10 0.64 2504 23
2011 3 266 26 0.80 2510 17 0.68 5776 43
2012 1415 20 1.41 1392 16 1.15 2807 36
Total 10 596 110 9798 75 20 394 185
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Residency

In total, 441 individuals were seen in association with
others over the period 2004—2012. Based on the previously
established residency criteria, we assigned 19 residents
(4.3%), 41 migrants (9.3%) and 381 transients (86.4%).
The social network diagram showed a core network formed
by 380 individuals (86.1%) and 12 satellite clusters (range
2-9) with no link to the main cluster, containing a total of 61
dolphins. All individuals present in the satellite clusters were
transient, whereas the main cluster comprised dolphins of
all three of the residency patterns. The main cluster exhibits
the centrality (a measure of a node in the network) of
resident dolphins (Figure 7).

LIR analysis revealed that the model in SOCPROG 2.4
that best described the movements of the study population
in the Madeira Archipelago was emigration+re-immigration
(a1 = N; a2 = res time in; a3 = res time out) (Figure 8,
Table 2). The model indicates that, on average, 178 individ-
uals were in the study area at any one time and that an
individual remained in the study area for an average period
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Figure 5: Monthly distribution of bottlenose dolphin groups with
calves

0 400
—
S 350
a
S 300
S 250
S 200
X 150
om
= 100
-]
Z 50

1 2 3 4 5 6 7
NUMBER OF YEARS SIGHTED

Figure 6: Number of identified bottlenose dolphins in the Madeira
Archipelago by number of years in which they were sighted,
between 2001 and 2002 and between 2004 and 2012

of 90 days. The average time an individual spent outside
the study area was estimated at 313 days.

Movement patterns

Transition probabilities were estimated for movements
among all sectors within the study area (Figure 2), as well
as to an undefined area outside the study area within one
day (Table 3). Sectors 2 and 4 were excluded from the
analysis on account of the low number of identifications.
Sector 3 showed higher probabilities of movements to
Sector 8 than movements to any other sector. In addition,
movements from Sector 6, which is located between
Madeira Island and Porto Santo, were higher to Sectors 1,
7 and 8. Sector 1 was also the area in which dolphins had
the highest probability of remaining in the area. The area
outside the study area showed relatively high probabilities
of movements into it, indicating that dolphins can leave the
study area over short periods of time.
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Figure 7: Social network diagram illustrating the associations of
441 dolphins identified in the study area. Individual dolphins are
represented by nodes; associations are shown by the lines
between nodes. Residents are represented as blue boxes,
migrants as pink circles and transients as grey triangles. Inset
provides a detailed view of resident dolphins
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Figure 8: Lagged identification rate (LIR) for all individuals
captured between 2004 and 2012, showing the best-fit model from
Table 2 (emigration+re-immigration)
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Table 2: Models fitted to lagged identification rates (LIRs) for bottlenose dolphins observed in the Madeira Archipelago, using SOCPROG:
residence (res) times and movements into and out of the study area, for all individuals captured, between 2004 and 2012. N = estimated
population size in the study area; a1 to a4 are model parameters; * marks the best-fit model (with the lowest QAIC value)

Maximum- Summed lo Mean residence Mean residence
Model likelihood value QAIC value o 9 time in study time outside study
likelihood
for parameters area (days) area (days)

*a1l=N; a2 =res time in;

a3 = res time out N =177.890 7 526.4115 -5 063.831 90.28 312.93
al=N;a2=restimein; a3 =

res time out; a4 = mortality N =87.324 7 528.6852 -5 064.0152 - -
al=N; a2 =meanres N =200.002 7 530.5667 -5 067.9744 - -

Table 3: Probability of individual bottlenose dolphins moving between

individual sectors (1-8) and to areas outside the main study area

(OUT), within a 1-day period; p is the probability that an individual remains in a given sector one sampling period later

Sector fi Sector to
ectorirom 1 3 5 6 7 8 ouT v

1 - 0.1035 0.1180 0.1031 0.1007 0.1081 0.1041 0.9288

3 0.0998 - 0.0994 0.0973 0.1042 0.1267 0.1000 0.3726

5 0.1088 0.1032 - 0.1116 0.0962 0.0965 0.1036 0.3801

6 0.1235 0.0989 0.0748 - 0.1027 0.1040 0.0988 0.3973

7 0.1069 0.0971 0.1040 0.1045 - 0.0977 0.1051 0.3847

8 0.0950 0.1122 0.1071 0.0874 0.1054 - 0.0998 0.3931

ouT 0.0966 0.0979 0.0991 0.1003 0.0894 0.1083 - 0.4084
Discussion coastal populations, whereas larger groups are likely to be

This study provides new information on group dynamics,
sighting history, association patterns and probability of
movements within and out of the study area of a previously
unstudied bottlenose dolphin population in the North-East
Atlantic. This work is based on sighting data (242 encoun-
ters) and photo-identification data (501 individuals identi-
fied) collected over 11 years of surveys and opportunistic
whale-watching data.

Group dynamics

The majority of groups of bottlenose dolphins found in
the Madeira Archipelago were small (median = 12). This
median value was similar to those found in studies of
coastal populations of bottlenose dolphins (New Zealand:
Constantine 2002; Merriman et al. 2009; Scotland: Eisfeld
2003), with other studies also reporting that small groups
(3—7 animals) tend to be found in coastal areas (Ben
Bearzi et al. 1997; Naceur et al. 2004). One particularly
large group in the study area was estimated to consist of
90 individuals, which is consistent with reports that larger
groups (up to 35 and as high as 180) are found in offshore
waters (Forcada et al. 2004; Canadas and Hammond
2006). The tendency for bottlenose dolphins to form larger
groups when inhabiting more-open, pelagic waters is also
observed in other dolphin species (see review by Shane
et al. 1986). This might be due to the risk of predation in
open habitats and to a change in foraging strategies from
predation on solitary prey on reefs or in shallow waters to
schooling fish in open water (Norris and Dohl 1980; Wells
et al. 1980). In the Madeira Archipelago, it is resident
individuals that tend to form small groups typical of

aggregations of transient pelagic dolphins. Lusseau et al.
(2003) suggest that features such as geographical isolation
and water depth might influence bottlenose dolphin social
organisation, which might include group size.

Bottlenose dolphins were recorded in every month of
the year in the Madeira Archipelago and groups tended
to be larger in summer and autumn, although not signifi-
cantly so. This is likely owing to the presence of transient
pelagic animals during the summer. Groups with calves
were recorded year-round, but more often in spring and late
summer/autumn. This suggests that there is a preferen-
tial period of the year for birthing and calving, as has been
reported elsewhere (Wells et al. 1987; Grigg and Markowitz
1997; Mann et al. 2000). Because the risk of predation
is low (by e.g. sharks and killer whales) in the Madeira
Archipelago, seasonality of birth might be due to the
warmer conditions during these months. Mann et al. (2000)
suggest that warm water is thermally efficient for small
calves or for mothers, but also that food availability might
fluctuate sufficiently to favour seasonal births. However,
there is insufficient information about prey availability in the
Madeira Archipelago to speculate further.

Bottlenose dolphins were associated with other species
in 15% of encounters, with short-finned pilot whales being
the most frequent associates. Bottlenose dolphins are
commonly found in mixed-species groups in pelagic waters
(Connor et al. 2000). In the eastern Pacific, a signifi-
cant increase in mixed groups was found with increasing
distance from shore, and 40% of these groups consisted of
bottlenose dolphins and short-finned pilot whales (Scott and
Chivers 1990). Although common, the interaction is poorly
understood. Kraus and Gihr (1971) found scars from squid
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suckers on one of two bottlenose dolphins captured in a
drive fishery together with a group of 101 pilot whales in
the Faeroe Islands. These whales feed extensively on squid
(Connor et al. 2000), so the most likely reason for those
associations is opportunistic feeding. Recorded associ-
ations of bottlenose dolphins with baleen whales might also
be related to feeding; whales have been observed lunge-
feeding at the surface with bottlenose dolphins in close
proximity (AD pers. obs.).

Site fidelity

Despite the large number of dolphins identified and
catalogued during the study period (n = 501), only a small
number of individuals (108 or 21.5%) were resighted in
more than one year and an even smaller number (15 or
3.2%) showed long-term site fidelity (i.e. seen in four or
more years). Data on sighting frequency indicate that only
a small number of dolphins showed high levels of site
fidelity. Individuals infrequently resighted also showed some
degree of site fidelity to Madeira Island, and individuals
seen only once in the study area were likely to be transient
pelagic dolphins passing through the archipelago. However,
even the individuals with a high level of site fidelity might
not always have been present in the study area, because
the MMSR was generally low. There was an apparent
increase in the MMSR as a function of the number of years
an individual was observed, but the relationship was not
significant; this is probably due to the fact that few individ-
uals were seen in more than five years. Large populations
of dolphins characterised by a low number of resighted
individuals are considered typical of open-water habitats
(Defran et al. 1999), although they can also occur in coastal
environments (Shane 2004). From work conducted in the
neighbouring archipelago of the Azores, Silva et al. (2003)
speculated that dolphins occurring in the surrounding ocean
areas might be drawn to the islands due to the enhanced
productivity of waters around them. Hence these island
habitats might function as an ‘oasis’ that attracts several
cetacean species that use the area for foraging or as a
migration stop. A similar situation appears to occur in the
Madeira Archipelago, where different degrees of site fidelity
to the islands indicate various patterns of occurrence.

Residency

The Madeira Archipelago seems to have an open popula-
tion of bottlenose dolphins with only a small propor-
tion (4.3%) of individuals showing residency to the area.
All resident dolphins formed a complex network, located
in the centre of the main cluster. Satellite clusters were
formed exclusively by transient individuals, suggesting that,
whereas some transient dolphins mix with residents and
migrants, others do not. Individuals Tt86 and Tt32 showed
a high level of centrality, indicating that they might act as
social brokers that link other individuals, favouring their
position in the network (Lusseau and Newman 2004).
Similar to the findings of Lusseau and Newman (2004), the
removal of those two individuals from the network would
not cause the loss of network connectivity. However, some
individuals are more important to network connectivity than
others, and their removal might cause an effect not immedi-
ately evident from a representation of the network (Lusseau

and Newman 2004). The mixture of different patterns
of occurrence, represented by residents, transients and
migrants, is also apparent in other populations of bottlenose
dolphins worldwide (Connor et al. 2000; Silva et al. 2008;
Baird et al. 2009), as well as in short-finned pilot whales
in the Madeira Archipelago (Alves et al. 2013). In addition,
the mixture is reflected in the lack of genetic structure
found by Quérouil et al. (2007) in the North-East Atlantic,
indicating that such associations might serve as a stimulus
for gene flow.

From the LIR analysis it was estimated that, on average,
an individual remained in the study area for 90 days.
Defining some individuals as ‘resident’, however, does not
necessarily imply that they never leave the area; rather,
they might travel over a large range that was not covered by
our surveys. The LIR curve started to decay after approxi-
mately 100 days, indicating that the dolphins leave the area
through emigration or mortality. Nevertheless, at about 2.7
years the curve began to level off again, suggesting that
some of those individuals that leave the population return to
the study area after this period. In addition, this levelling of
the LIR curve might be indicative of a mixed population of
residents, migrants and transients, as revealed by the social
network diagram (Whitehead 2008).

It is emphasised that the terms resident, migrant and
transient were assigned according to the sighting frequencies
of individuals. Future studies should investigate the possible
existence of different communities within the population.
Oudejans et al. (2015) pointed out the importance of investi-
gating the existence of primarily ‘inshore’ and ‘offshore’
communities for the purpose of long-term management and
monitoring of coastal bottlenose dolphin populations.

Movement patterns
Movement probabilities indicate rapid movements among
sectors in the Madeira Archipelago. However, survey effort
was higher in Sector 3, and hence movements might have
been under-represented in the remaining areas. Although
transition probabilities were generally low, they seem to
indicate movements between Madeira Island and Porto
Santo, which are approximately 50 km apart. Sector 1
(Madeira North) had the highest probability of repeated
sightings of individuals. Dolphins moving from Sector 3
(Madeira South) showed the highest probability of moving
into Sector 8 (Porto Santo North), representing one of
the greatest distances covered within the study area.
Movements of 50 km in a day by bottlenose dolphins is in
accordance with Lynn (1995), who recorded movements up
to 55 km in a 12-hour period using radio-tagged dolphins.
Similarly, a dolphin was recorded moving 50.2 km in one
day in Tampa Bay (Florida) (Mate et al. 1995). Madeira,
Desertas and Porto Santo are all within similar ranges.
Sectors 1 and 8 had the highest probabilities of dolphins
immigrating from other sectors. They are characterised by
having shallower areas than the other sectors. Bottlenose
dolphins have been shown to have a preference for
shallow waters in other oceanic environments (Silva et al.
2008; Baird et al. 2009, 2013). Further, Dinis (2014) found
a strong relationship between depth and the presence of
bottlenose dolphins in the Madeira Archipelago, with the
majority occurring in depths <1 000 m and no more than
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10 km offshore. The strong relationship between depth
and the presence of bottlenose dolphins suggests that
prey availability plays a fundamental role in dolphin distri-
bution (Fortuna 2006). Hence a potential explanation for
movements into Sectors 1 and 8 might include foraging
strategies related to the vertical distribution of prey.
However, little is known about the diet of bottlenose dolphins
in the Madeira Archipelago. In the Azores, Silva (2007)
reported the preference of dolphins for shallower waters
(100-600 m), where, unlike in open waters, they can take
advantage of demersal fish species as well as schooling
pelagic prey. A similar strategy might also apply in the
Madeira Archipelago. In addition to having shallower waters,
Sectors 1 and 8 are relatively exposed. Although the effects
of this are unknown, ranging patterns for individuals within
a bottlenose dolphin population are driven largely by their
particular ecological circumstances (Baird et al. 2009).

The relatively high probability of animals leaving the
study area suggests that future studies should include
a comparison of identification catalogues with those from
neighbouring archipelagos, in order to understand more
fully the extent of movements of bottlenose dolphins in
Macaronesia.

This study represents a first contribution to knowledge
of bottlenose dolphins in the Madeira Archipelago, with
the findings having potential management application. The
different patterns of occurrence suggest that this population
of bottlenose dolphins might segregate into communities
that share habitat and resources. This is fundamental in
order to distinguish specific management and conser-
vation requirements, and requires further investigation.
Despite recent regulation of whale-watching activity, with
limits on the number of boats and areas of operation,
activity remains highest in summer, mainly in Sector 3,
which coincides with one of the peaks in the presence of
calves, but the effect is unknown. Furthermore, by prefer-
ring shallower waters, the dolphins are subject to increased
exposure to anthropogenic interactions, the nature of which
requires further study.
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