Ecology and Conservation of Bottlenose Dolphins
in Madeira Archipelago, Portugal
DOCTORAL THESIS

Ana Margarida Brites Caetano Dinis
DOCTORATE IN BIOLOGICAL SCIENCES

March | 2014

Ecology and Conservation of Bottlenose Dolphins
in Madeira Archipelago, Portugal
DOCTORAL THESIS

Ana Margarida Brites Caetano Dinis
DOCTORATE IN BIOLOGICAL SCIENCES

SUPERVISOR
Manfred Josef Kaufmann
CO-SUPERVISOR
Ana Cañadas

i

ACKNOWLEDGMENTS
This thesis would have not been possible without the help and support of many people
throughout the years.
First, I would like to thank my supervisor and friend Manfred Kaufmann, for accepting
supervising this work, for being available to my questions and for all his wise
recommendations. Thank you for your continuous support.
Secondly, sincere thanks to my co-supervisor Ana Cañadas, for accepting this task and
providing advice whenever I needed it.
Also, I would like to thank the director of the Madeira Whale Museum, Luís Freitas, for
getting financial and logistic support, throughout several scientific projects, that made
this work possible.
A special thanks to my colleagues from the 'survey team' Filipe Alves, Cátia Nicolau,
Cláudia Ribeiro, João Viveiros and Hugo Vieira for sharing precious moments at sea. We
had some great times "off effort" gathered around the helm returning to the harbour.
Thanks for putting up with me whenever the mood wasn't the best.
A sincere tribute to Miguel Silva, our skipper, that leaved us too soon.
I am particularly grateful to biologists and colleagues Filipe Nóbrega, Ricardo Antunes,
Carla Freitas and Nuno Marques, and also to the volunteers Rita Ferreira, Ana Higueras,
Marianne Böhm-Beck, Jonatan Svensson, Virginie Wyss, Daniel Martins, Mafalda Ferro
and Filipe Henriques, that collected data and assisted with fieldwork since the beginning
of this work.
I would like to thank the whale-watching vessels crew members Carlos Silva, Rita
Ferreira, Raquel Marques, Luís Dias, Claudia and Rafael Gomes for all the photographs
donated to the Madeira Whale Museum, that were a great contribution to this work.
ii

Many, many thanks to Cláudia Faustino and Filipe Alves for scientific and English review
in the final stages of this thesis write up.
I am also grateful to Philip Hammond for always finding time in his busy schedule to
answer all my doubts and for advises with mark-recapture methods.
I thank Hal Whitehead for quickly answering my doubts, via e-mail concerning the social
structure analysis.
I would like to thank to Mónica Silva for giving me a hand with the last data chapter, and
for all the useful suggestions.
A big thanks to Cátia, Filipe and Cláudia for all the years that we worked together, that
greatly contributed for this work. I thank you for all the valuable advices and for
"covering" for me during my maternity leaves, never forgetting the bottlenose dolphins.
Thanks to all my colleagues in the Madeira Whale Museum, Ana, Tina, Milton, Sílvia, Carla,
Rui, Adalberto and Ricardo for all the "coffee breaks" and lunches, talking about
something else besides bottlenose dolphins.
Above all, I'm tremendously grateful to my family for the never-ending support and
encouragement. To my husband Roberto, for the love and patience whenever my mind
was somewhere else. To my lovely daughters for the numerous interruptions when I'd
tried to work at home, always pulling me into the world of fairies and princesses (first
things first!). To my mother for all the love and support across the years. To my sister
Ângela for all the encouragement and for being just a "phone call away" whenever I
needed, and for all the laughs for stupid things.
And finally, I dedicate this work to my father that would have been so proud.

iii

DECLARATIONS
I hereby declare that this thesis was written by me, and that I have actively participated in
the data collection. Also, I was responsible for all the analysis with the exception of the
GIS work and mapping, that was done by Adalberto Carvalho. Nonetheless, this study was
developed while I was a researcher in the Madeira Whale Museum, and data was collected
throughout several scientific projects in which various people were involved. The
scientific projects were co-funded by the Machico Town Hall and by EU and national
programs, as listed below:


2000 to 2004; CETACEOSMADEIRA 'Projecto para a Conservação dos Cetáceos no
arquipélago da Madeira' - LIFE 99NAT/P/6432;



2004 to 2005: MACETUS 'Estudo da estrutura populacional, distribuição,
movimentos e utilização do habitat do Physeter macrocephalus, Globicephala
macrorhynchus, Tursiops truncatus e Stenella frontalis na Macaronésia'

-

FEDER/INTERREG IIIB MAC/4.2/M10;


2005 to 2006: GOLFINICHO 'Utilização diferencial do nicho espacial e trófico entre
o golfinho-comum (Delphinus delphis) e o golfinho-pintado (Stenella frontalis) nos
Açores e Madeira' - FCT POCI/BIA-BDE/61009;



2006 to 2008: EMECETUS 'Estudo, Monitorização e Educação para a Conservação
dos cetáceos na Macaronésia' - FEDER/INTERREG IIIB 05/MAC/4.2/M10;



2009 to 2013: CETACEOSMADEIRA II 'Identifying critical marine areas for
bottlenose dolphin and surveillance of the cetaceans’ conservation status in
Madeira archipelago' - LIFE+07 NAT/P/000646.

iv

ABSTRACT
This study aimed to provide an insight on the ecology of the bottlenose dolphin
population in Madeira archipelago. To achieve this, population structure; group
dynamics, site-fidelity, residency and movement patterns within and out of the
study area;

survival and abundance estimates and spatial and temporal

distribution and habitat preferences related to physiographic parameters using
data collected between 2001-2011, were investigated. Photo-identification data
analysis revealed strong evidences that bottlenose dolphins seen in the
archipelago of Madeira belong to an open population with regular recruitment of
new animals to the area. This population exhibited a typical fission-fusion society,
in which short-term acquaintances prevail, with only a few long-lasting
associations. Photo-identification methods demonstrated that there is a large
variability in residency pattern, with resident, transient and migrant individuals.
Only a small number of dolphins were found to be resident (4.3%). Social network
diagram as well as SLAR analysis supported the existence of a mixed population of
residents, migrants and transients. Mark-recapture methods estimated a high
survival rate, within the range of other long-lived cetacean species. The resident
community is composed of app. 180 individuals. In addition, around 400 dolphins
of different residency patterns were found to use the south area of Madeira Island.
Spatial distribution indicated that bottlenose dolphins were regularly found in
shallow and closer to shore areas, suggesting the existence of biological processes
influenced by bathymetry. Moreover, temporal patterns revealed no strong
seasonal fluctuation in the presence of bottlenose dolphins in Madeira archipelago
waters. Bottlenose dolphins are listed under the Annex II of the EU habitats
Directive that requires the designation of Special Areas of Conservation (SACs) for
this species; as such, the knowledge gained through this work can be used by
governmental authorities to the establishment and management of areas for the
conservation of bottlenose dolphin in Madeira archipelago.

Key-words: bottlenose dolphin, ecology, photo-identification, distribution,
conservation, Madeira archipelago.
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RESUMO
Este trabalho teve como objectivo investigar a ecologia da população de golfinhos
roazes no Arquipélago da Madeira. Foram utilizados dados de 2001-2012 para
investigar a estrutura populacional; estrutura e composição dos grupos, residência,
movimentos na área de estudo; taxas de sobrevivência e o tamanho da população e,
finalmente a distribuição espacial e temporal. A análise dos dados de fotoidentificação indicaram que os animais avistados no arquipélago pertencem a uma
população aberta com recrutamento regular de novos indivíduos. Esta população
revelou ter uma estrutura dinâmica, na qual prevalecem as associações rápidas e de
curta duração. Através da foto-identificação verificou-se a existência de três padrões
diferentes de residência: residentes, migrantes e transeuntes. Apenas um pequeno
número de golfinhos demonstrou ser residente (4.3%).O diagrama social e as
associações temporais revelaram que os golfinhos dos três padrões de residência se
misturam. Através de métodos de captura e recaptura foi possível estimar uma taxa
de sobrevivência elevada. Cerca de 180 golfinhos são residentes. Também foi
possível determinar que cerca de 400 animais de diferentes padrões de residência,
utilizaram as águas do sul da Ilha da Madeira, no período de estudo. A distribuição
espacial revelou que a maioria dos golfinhos foi avistada em águas menos profundas
e mais próximo da costa, sugerindo a existência de processos biológicos
influenciados pela batimetria. A distribuição temporal não revelou marcadas
flutuações sazonais na presença de golfinhos no arquipélago. Os golfinhos roazes
são uma das espécies presentes no Anexo II da Directiva Habitats da União Europeia.
Como tal, é requerido aos países membros a criação de Zonas Especiais de
Conservação para esta espécie; assim, espera-se que o conhecimento adquirido
através deste estudo possa ser utilizado pelas entidades governamentais para a
implementação e gestão de áreas de protecção para o golfinho roaz no arquipélago
da Madeira.

Palavras-chave:

golfinho-roaz,

ecologia,

conservação, Arquipélago da Madeira.
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CHAPTER 1
GENERAL INTRODUCTION
1.1 Conservation of the marine environment
Conservation and protection of marine life is becoming more important as we
better understand the importance of the oceans and our impacts on them. Both
direct and indirect anthropogenic impacts can influence species in the marine
environment. However, direct impacts such as boat disturbance, over fishing, bycatch and ship strikes often cause immediate declines among various marine
species (Mann et al. 2000). Moreover, in the last 50 years land and sea surface
temperatures have increased globally as a result of climate change (IPCC 2001).
Global and regional impacts from increased temperatures include changes in
weather patterns, ocean currents, salinity, pH, sea-ice cover and rises in sea levels.
As a result, many governments are now establishing plans and taking actions to
reduce and monitor the effects of global warming (Skilling 2007). Marine habitat
conservation is lagged behind land conservation (Hoyt 2011), and establishing
measures to prevent human activities from impacting too negatively marine
ecosystems, is vital for conservation of biodiversity (Cañadas 2006).
The designation of especially marine protected areas (MPAs) is one of the most
common approaches to marine conservation, and a declared MPA signifies a
positive intention towards a portion of habitat (Hoyt 2001). Within the context of
the European Union, the Habitats Directive (97/62/CEE of the Council), in its
Natura 2000 programme, imputes the responsibility to the countries of
establishing a network of marine and land-based protected areas (Hoyt 2011). The
first step in becoming a 'special area of conservation' (SAC) is to be named a 'site of
community importance' (SCI). A site of community importance is defined as 'a site
1
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that contributes significantly to the maintenance or restoration at a favourable
conservation status of a natural habitat type in Annex I or of a species in Annex II'.
A special area of conservation (SAC) is defined as 'a site of community importance
where necessary measures are applied to maintain, or restore, to favourable
conservation

status,

the

habitats

or

populations

of

the

species for which the site is designated' (European Union Habitats Directive,
1992).
In order to be accepted as part of the European Natura 2000 Network of protected
areas, a proposed SAC should demonstrate being of particular importance for the
conservation of the species (Cañadas 2006).

1.2 Cetacean Biology and Ecology
Cetaceans include 87 species of whales, dolphins and porpoises (Hoyt 2011) and
they are key components of marine ecosystems (Croll et al. 1998). The role of
cetaceans in ecosystem functioning and dynamics is still poorly understood, as
they spend most of their lives hidden below the water's surface (Connor et al.
2000). Despite their diversity of form, behaviour and habitat, these aquatic
mammals share some common characteristics, such as being air-breathing and
live-bearing homeotherms, like their terrestrial ancestors (Ballance 2009). They
are long-lived, reproduce slow, yet they have invaded a large proportion of the
ocean's habitats (Connor et al. 2000). They inhabit coastal waters up to the top
zone, neritic waters over continental shelves and the more oceanic and pelagic
systems (Ballance 2009) Marine habitat types are not static in space or time, they
change with the water masses and surface currents that define them (Ballance
2009). Topographic features such as sea floor slope and depth (Ingram & Rogan
2002) and prey abundance have also been found to influence habitat use among
marine mammals. Cetacean ecology is described as the relationships between
cetaceans and their physical environment (Ballance 2009), however determining
the cause of habitat selection and examining the behavioural ecology of cetaceans

2
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is often a difficult task, particularly in the dynamic marine environment (Connor et
al. 2000).
Understanding the ecological mechanisms that make some species more prone to
population decline, range contraction, and extinction than others has been always
one of the main goals of marine mammal researchers. Information on the
abundance, status, distribution, behaviour and movement patterns of wild
populations contributes to establishing appropriate conservation and management
initiatives (Lettink & Armstrong 2003).

1.3 The Bottlenose Dolphin, Tursiops truncatus, (Montagu, 1821)
The common bottlenose dolphin, Tursiops truncatus, (Cetacea: Delphinidae)
(hereafter referred as bottlenose dolphin) is, without any doubt, the best known of
all cetaceans (Wells & Scott 2009). For most people the word 'dolphin' invokes an
image of a bottlenose dolphin (Connor et al. 2000), as they are one of the most
displayed cetacean in public performances in aquaria (Corketon 2009). Also, their
proximity to human activity exposes them to numerous threats. Although not
endangered at genus level, specific populations of bottlenose dolphins might be
considered threatened (Connor et al. 2000). Ultimately, they are apex predators,
and determining the status of a bottlenose dolphin population may prove to be a
useful indicator of the health and stability of the surrounding environment.

1.3.1 Characteristics and Systematics
Bottlenose dolphins are cosmopolitan in distribution, and demonstrate a great deal
of geographic variation in morphology. They are recognizable by their mediumsize, robust body, a moderate falcate dorsal fin, and dark coloration (Well & Scott
2009). The genus Tursiops exhibits striking regional variations in body size
(Connor et al. 2000), and it appears to vary inversely with water temperature in
many parts of the world (Well & Scott 2009).
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Phylogenetic variation along with geographic location, body size, tooth count and
coloration indicate the presence of two species T. truncatus and T. aduncus within
the genus (Ross 1977, Curry 1997, LeDuc et al. 1999). The systematics of the genus
Tursiops is presently unclear as recent genetic, morphologic, and physiologic
studies suggest that revision of the genus may be necessary to acknowledge
significant differences between forms from different oceans, as well as differences
between forms in inshore versus offshore habitats within ocean basins (Le Duc et
al. 1999; Rice 1998; Mead & Potter 1995; Hersh & Duffield 1990). Differences
between inshore and offshore ecotypes have been interpreted with respect to
habitat differences: higher haemoglobin concentration, hematocrits, and red blood
cell counts of offshore animals suggest an adaptation for greater oxygen-carrying
capacity to facilitate deeper and longer dives (Duffield et al. 1983); smaller body
sizes and larger size of flippers of coastal animals may be an adaptation to shallow
habitats where manoeuvrability is important (Hersh & Duffield 1990); and
differences in skull dimensions between the two forms seem to be related to
distinct feeding habits and foraging strategies (Hersh & Duffield 1990).
Although information on the distribution of the two ecotypes is scarce in most
geographic areas, in the western North Atlantic there is some evidence of habitat
partitioning. The coastal population occupy very shallow waters, coastal to shore,
while offshore bottlenose dolphins usually occur along the shelf break (Kenney
1990; Torres et al. 2003).

1.3.2 Distribution and Ecology
Bottlenose dolphins are found in temperate and tropical marine waters worldwide
(Well & Scott 2009). They have adapted to a variety of marine and estuarine
habitats, even ranging into rivers (Well & Scott 2009). This versatility is also
reflected in bottlenose dolphin feeding and foraging. They feed on a variety of fish,
cephalopods, occasionally shrimp (Gunter 1951), and even small rays and sharks
(Mead & Potter 1990). Bottlenose dolphins pursue both schooling and solitary
prey throughout the water column as well into the air above, into the sand below,
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and even into shore (Connor et al. 2000). Resuming, bottlenose dolphins are
described as opportunistic feeders that take advantage of locally available prey
(Barros & Odell 1990).

1.3.3. Life history
Bottlenose dolphins, like all cetaceans are long-lived mammals. Females can live
more than 50 years and reach sexual maturity between five and thirteen years,
whereas males may live more than 40 years and become sexually mature from
eight to thirteen years (reviewed in Connor et al. 2000). Bottlenose dolphins show
diffuse seasonal reproduction, with usually one or two peaks in the timing of births
around spring/early summer and fall (Mann et al. 2000). Females give birth to a
single calf after a twelve-month gestation period (Schroeder 1990, Schroeder &
Keller 1990). Calves are reported to stay with their mothers for several years
(Wells et al. 1987, Smolker et al. 1992). Maternal investment is high, with some
calves observed nursing up to three years of age (Mann et al. 2000), although
longer dependencies are not uncommon (Connor et al. 2000).

1.3.4 Home range and Migration
Bottlenose dolphins show a full spectrum of movements, from seasonal migrations,
year-round home ranges, periodic residency, and a combination of occasional longrange movements and repeated local residency (Shane et al. 1986; Wells & Scott
1999). At many sites worldwide, long-term residency has been reported. In one of
the longest-term study of its kind, the year-round residents of dolphin
communities along the west coast of Florida have maintained stable, slightly
overlapping home ranges during more than 40 years of observations, spanning at
least five generations (Wells 2003; Wells & Scott 1999; Scott et al. 1990). Adjacent
communities can be distinguished by genetic and behavioral differences, and are
often demarcated by physiographic features (Duffield & Wells 2002; Parsons et al.
2006).
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1.3.5 Group Size and Social Behaviour
Small groups of 2-15 individuals are typical for bottlenose dolphins, although
groups of more than 1 000 have been reported on occasion (Shane et al. 1986;
Scott & Chivers 1990). As seen in other dolphin species, bottlenose dolphins tend
to form larger groups when inhabiting more open, pelagic waters (reviewed by
Shane et al. 1986). Factors contributing to this trend seem to be the risk of
predation in open habitats and a change in foraging strategies, transiting from
solitary preying on reefs or shallow waters to schooling fish in the open water
(Norris & Dohl 1980).
One characteristic that all populations of bottlenose dolphins appear to have in
common is a fission-fusion society, with sex, age, reproductive condition, familial
relationships, and affiliation histories defining their dynamic groups at any given
time (Connor et al. 2000; Wells 2003). Unlike animals that live in groups of
constant composition, social relationships in fission-fusion society may depend
strongly on the social context at a given moment (Connor et al. 2000). Groups can
be composed by females and calves, mixed sex groups of juveniles, or even
strongly-bonded pairs or trios of adult males (Rogers et al. 2004; Owen et al. 2002;
Connor et al. 2000; Wells et al. 1987). The patterns of association in this species
seem to exhibits great variability. In Sarasota and Shark Bay strong male-male
associations were found but, possibly not in the Moray Firth, Scotland (Wells et
al. 1987; Smolker et al. 1992; Wilson et al. 1993). Some males form strong bonds
with others, but some travel alone (Wells et al. 1987). In Shark Bay and in Sarasota
some females are highly social while others are more solitary. It is possible to
relate these differences between populations, and in some cases within
populations, to differences in risk of predation or availability of prey (Connor et
al. 2000).

1.3.6 Status and Conservation
In the IUCN red list, the bottlenose dolphin was classified as Data Deficient until
2008, when its status was changed to Least Concern. Although there are many
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threats to local populations (e.g. pollution, fishing interaction, direct hunt, marine
traffic, tourism), as a species it does not appear to merit concern for major global
population decline (Wells & Scott 2009). Likewise, the conservation status for this
species in Madeira archipelago is Least Concern (Cabral et al. 2005).
The species is listed in Annex II of Habitats Directive (Natura 2000 network) and
Appendix II of CITES. EU governments, throughout the Habitats Directive, are
required to consider the areas where this species occurs for the establishment of
Special Areas of Conservation (SACs) (Cañadas 2006; Wilson et al. 1997). At a
regional scale, the species is legally protected in the Exclusive Economic Zone
(EEZ) of the archipelago of Madeira since 1986 by the Dec.-Leg. Regional 6/86/M
(Cabral et al. 2005).

1.4 Study area: The Archipelago of Madeira
The archipelago of Madeira (Portugal) is located in the warm-temperate waters of
the northeast Atlantic Ocean (32° N, 017°W), nearly 1000 km from the European
continent and 500 km of the West African coast. It is considered one of the most
isolated archipelagos of the North Atlantic Ocean (Alves et al. 2013; Querouil et al.
2007), with a central geographical position between the archipelago of the Azores
(at 900 km distance) and the Canaries (at 400 km). This volcanic archipelago is
composed by the main island of Madeira and the smaller island of Porto Santo
(~40 km Northeast), and by two uninhabited sub-archipelagos, the Desertas (~20
km Southeast) and the Selvagens (300 km South). Madeira is the largest island of
the group with an area of 741 km2 (57x22 km), a coastline of 157 km and a
mountain ridge reaching 1862 meters altitude. The Madeira EEZ has
approximately 446 000 km2 and features mainly abyssal oceanic waters (Alves et
al. 2013) (Figure1.1)
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Figure 1.1- Map of the northeast Atlantic showing the location of the archipelago of
Madeira and its Exclusive Economic Zone (EEZ).

The waters of Madeira archipelago are influenced by the Portuguese Current, the
Azores Current, and the Canary Current, all part of the eastern anticyclonic North
Atlantic subtropical gyre (Sala et al. 2013). The junction of the eastward division
of the Azores Current with the Canary Current up north, and around the
archipelago of Madeira (New et al. 2001) is responsible for most of its seasonal and
inter-annual complex oceanographic patterns, resulting in high salinity, high
temperature and low-nutrient regime waters (Johnson & Stevens 2000).
The barrier form by the islands high mountains stretch (up to 1800m) to the
dominant northeast trade winds (Tomczak & Godfrey 1994) together with the
underwater ridges resulting from collapsed crater rising abruptly from the deep
ocean near the coast, results in the formation of productive eddies and fronts on
the islands edges. The northern waters of an island are found to be consistently
colder than the warm and salty southern waters, and localized cold water with
relative high chlorophyll concentrations phenomena is also observed in the waters
of Madeira Island (Caldeira et al. 2002).
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Despite the wide area that comprises the Madeira EEZ, data collected in this study
reports only to the inshore area that surrounds the three islands of Madeira, Porto
Santo and Desertas, covering a total of 4 818 km2 up to 20 km offshore (Figure1.2).
This area is characterized by a thin continental shelf, with steep submarine
canyons and deep waters (Geldmacher et al. 2000) (Figure 1.3).

Figure 1.2- Map showing the Madeira EEZ and the inshore area where data was
collected.

Figure 1.3- Map showing the bathymetry of the waters around Madeira, Desertas and Porto Santo.
(data source: EMEPC -Estrutura de Missão para a Extensão da Plataforma Continental).
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Madeira depends almost exclusively on tourism as it main source of income and
over a million tourists visits the island every year (DRE 2013). Until a decade ago
tourists visited Madeira for the year-round warm temperatures and exploring the
mountain walks through the Laurel forests (UNESCO World Natural Heritage). In
the last years the demand for marine touristic activities rapidly increased, and the
whale-watching industry has grown in the same proportion. Marine tourism
operators began doing sightseeing trips where they also advertised whalewatching. Nowadays, there are companies exclusively dedicated to whalewatching, including 'swimming with dolphins' activities (Vera 2012). After a 10
years period of voluntary viewing guidelines developed by the Madeira Whale
Museum (Freitas et al. 2004), in 2013 the whale-watching activity became legally
regulated by the Dec.-Leg. Regional 15/2013/M. In this legislation, the 'swimming
with dolphins' activity becomes restricted to two dolphins species only: Atlantic
spotted dolphin (Stenella Frontalis) and the short-beak common dolphin
(Delphinus delphis), thus banning the tourists of any underwater activity with other
cetacean species, including the bottlenose dolphin.
At present, there are 29 species of cetaceans reported for Madeira archipelago
from which 25 are confirmed records (Freitas et al. 2012).

1.5 Thesis main objectives and rationale
Bottlenose dolphins are one of the most abundant species in Madeira archipelago
(Freitas et al. 2006; Freitas et al. 2004). Despite this, scientific knowledge for this
species in Madeira is insufficient. Ecological studies towards this species started
only during the last decade, with work developed by the Madeira Whale Museum,
and results are presented in this study.
The general objective of this work is to contribute to the conservation of the
bottlenose dolphin in the Madeira archipelago through the investigation of aspects
of the ecology of the species in this region. In order to understand the processes
involved, some specific objectives were established: 1) access the population
structure; 2) investigate site fidelity, residency and movement patterns; 3)
estimate abundance and survival rates, and 4) investigate temporal distribution
and habitat preferences related to physiographic parameters.
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Social structure is known to affect ecology, genetics, population biology, and thus
issues of conservation and management (Sutherland 1998). For that reason, in
order to gain a better understanding of the biology of the studied animals, as well
as of the effects of human activities on them, we need to study the social system of
a population (Whitehead & Van Parijs 2010). Following, 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 point out the importance of a habitat. Furthermore, the study of
life history parameters is of fundamental importance to understanding the
dynamics of animal populations. Demographic processes, such as fluctuations in
survival and reproduction, are the ultimate cause of population change (Gaillard et
al. 1998). Finally, effective conservation of wild populations requires an
understanding of the relationship between populations and their habitats, and for
that the first step is to determine which habitats are used with higher frequency
(Cañadas et al. 2005).
This work represents a important contribution to the knowledge and conservation
of bottlenose dolphins inhabiting Madeira archipelago waters. Prior to this, no
systematic study has examined the abundance, social structure, patterns of sitefidelity or habitat use of bottlenose dolphins in Madeira archipelago. Bottlenose
dolphins are apex predators, and determining the status of this population may
prove to be a useful indicator of the health and stability of the habitat they live in.
In addition, bottlenose dolphins that use the waters of the archipelago are subject
to multiple human impacts from which the whale-watching activity stands as the
major potential threat. Finally, bottlenose dolphins in Madeira are not genetically
and/or geographically isolated from the population of neighbouring archipelago of
Azores, and thus they are part of a single population, from a conservation
standpoint (Querouil et al. 2007). As local threats may impact the entire
population, preserving this pelagic population is critical as it may act as a pool for
inshore populations (Querouil et al. 2007; Natoli et al. 2004).
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The results presented here will provide baseline data and insight on the current
significance of the population of bottlenose dolphins utilising the archipelago of
Madeira. This information will support conservation managers in the management
and protection of this population.

1.6 Chapters overview
Chapter 2 aims to examine 11 years of individual photo-identification data of the
bottlenose dolphin population that occurs in Madeira archipelago in order to
investigate its social structure. This was achieved by analysing the type of
association indices between pairs of identified individuals, the patterns of
affiliation between individual dolphins and the probabilities of associations
between individuals, over time.
In Chapter 3, following the research of the previous chapter, data from individual
photo-identification is used to determine group dynamics, to assess the level of
residency and site fidelity, and to investigate movements patterns within and out
the study area.
Chapter 4 aims to estimate apparent survival and seasonal abundance of the
bottlenose dolphin population in Madeira archipelago, taking into account
heterogeneity of capture probabilities by applying distinctive approaches on
capture-recapture records of naturally marked individuals. The estimated aimed to
resident dolphins and to the super population that used the area during the study
period.
In Chapter 5, bottlenose dolphin sighting and survey effort data is used to examine
habitat use and distribution of bottlenose dolphins around Madeira, Desertas and
Porto Santo islands. These analyses use data from 2001-2012 (excluding 2003) to
calculate encounter rates and to investigate temporal occurrence and spatial
distribution of bottlenose dolphins in the study area.
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CHAPTER 2
POPULATION STRUCTURE OF BOTTLENOSE
DOLPHINS IN MADEIRA ARCHIPELAGO
2.1 INTRODUCTION
One of the most important attributes of any animal population is its social
structure (Whitehead 2009). This is often a key element of the population biology
of a species, influencing gene flows, spatial pattern and scale or predation (Wilson
1975). Mammals have complex social structures; these may vary considerably
through time, both between and within species. Describing and classifying those
structures is complex and challenging (Costa & Fitzgerald 1996). Knowledge
regarding the identity of the interacting, associating or grouped animals is
essential for social structure studies (Whitehead & Van Parijs 2010). These are
based on identifying individual animals and recording their interactions
(Whitehead 2008). One of the best methods to achieve this is using photoidentification. Photo-identification is based on the repeated recognition of
individuals through photographs and has become an essential technique to
provide information on group stability and association patterns (Würsig & Würsig
1977). Photographing certain body parts is a non-invasive method of identifying
and monitoring individuals over time. Bottlenose dolphins, as well as other
dolphin species can be individually identified using photo-identification of their
dorsal fins (Würsig & Jefferson 1990). Each individual has a distinct and unique
contour of the fin as a consequence of the interactions with conspecifics,
environmental or anthropogenic factors. Thus, the posterior edge of the dolphin’s
dorsal fin may become irregular, resulting in recognizable patterns of notches and
scars (Würsig & Jefferson 1990).
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Querouil et al. (2007) suggest that there is a single population of bottlenose
dolphins in the pelagic waters of the North-East Atlantic, and that this population
is not significantly differentiated from the pelagic population of the North-West
Atlantic. Madeira archipelago is one of the most isolated oceanic habitats in
Northeast Atlantic; as such, one could expect to find a greater differentiation in the
population structure. However, dolphins are capable of travelling large distances
in short periods (Wells et al. 1999), making it possible that the lack of geographic
structuring is explained by large home ranges and/or high dispersal in the study
area (Quérouil et al. 2007). In terms of genetic structure the bottlenose dolphins in
Madeira seem to be part of a bigger Atlantic pelagic population with high levels of
gene flow (Quérouil et al. 2007).
Strong site fidelity, with the presence of both resident groups and resource
specialization, as a consequence of different social and behavioural strategies,
could be some two of the leading factors for the genetic structure (Hoelzel et al.
1998). Consequently, the social structure is sensitive to the genetic population
structure (Whitehead & Van Parijs 2010).
Associations are often defined using spatial-temporal groups, that is, animals are
associated if they are members of the same group (Whitehead 2008). The
observations of associations or groups are then used to calculate relationship
measures such as interaction rates and association indices. These can then be
synthesized into models of social structure using ordinations, cluster analyses,
network analyses, lagged association rates, and other uni- and multivariate
techniques (Whitehead & Van Parijs 2010).
Previous studies on bottlenose dolphins describe them as living in a so-called
fission-fusion community, individuals associate in small groups that change in
composition, often on a daily or even hourly basis (Wells et al. 1987, Würsig &
Würsig 1977). Unlike animals that live in groups of constant composition, social,
relationships on fission-fusion society may depend strongly on 'who is there and
who is not' (Connor et al. 2000). Most information about bottlenose dolphin social
organization comes from three long-term studies carried out in Sarasota Bay
Florida (Wells 1991), Shark Bay (Western Australia) (Smolker et al. 1992) and
Moray Firth (Scotland) (Wilson 1995). Those studies report a great variability in
social strategies within and between populations emerges, such as different
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gender-related bonds that could be due to differences in predation risk, availability
or use of resources and mating (Connor et al. 2000). The same authors point that
our understanding of bottlenose dolphin social relationships and its ranging
patterns provides the establishment of population units that can support
management. In Florida, patterns of social association facilitate the partitioning of
continuously distributed resident dolphins into geographically management units
(Wells 1986). The frequency of associations between individuals that inhabit
overlapping or adjacent ranges can help define population units. Given this
information is geo-referenced, the definition of management units makes it
possible to relate specific threats to a particular population community, allowing
the assessment of potential impacts and mitigation efforts (Connor et al. 2000).
Some of the pressures bottlenose dolphins faces in Madeira are fisheries, costal
development and whale-watching; this latter may be the major direct threat in the
south of Madeira Island.
The aim of this study was to examine individual photo-identification data of the
bottlenose dolphin population that occur in Madeira archipelago in order to
investigate the species social structure. This was achieved by analysing the type of
association indices between pairs of identified individuals; the patterns of
affiliation between individual dolphins and the probabilities of association
between individuals over time. Information on social structure is important for
management and conservation plans for this species in the study area, as the
potential differences in its social units may require distinctive management
strategies.

2.2 Methods
2.2.1Study area
The Madeira archipelago is located in the Northeast Atlantic (32ºN; 17ºW) at app.
670 km from Morocco (Figure 2.1). It is formed of two main volcanic islands,
Madeira and Porto Santo, separated by a stretch of app. ≃ 50km. It comprises also
two sub-archipelagos; the Desertas Islands, located app. ≃20km southeast, and the
Selvagens Islands located 300 km south of Madeira Island. Madeira and Porto
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Santo are inhabited, whereas Desertas and Selvagens are not. Additionally the two
latter are natural reserves (Caldeira & Sangrá 2012). These oceanic volcanic
islands have a reduced continental shelf which results in deep waters and
submarine canyons just a few miles offshore (Geldmacher et al. 2000). Depths can
reach 3000m.

Figure 2.1- Map highlighting Madeira archipelago and its islands, located in the Northeast
Atlantic. A gradient of bathymetry is show on a scale of blue.

Data was recorded from boat surveys around the islands of Madeira, Desertas and
Porto Santo (Figure 2.2) The study area was divided in eight sectors encompassing
a total of 4 818 km2 up to 20 km offshore.
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Figure 2.2 – Map of the main study area with the division of the eight sectors used in this
study: S1- Madeira North; S2- Madeira West; S3- Madeira South; S4- Desertas East; S5Desertas West; S6- Channel; S7- Porto Santo South and S8- Porto Santo North.

2.2.2 Photo-identification surveys
Photographs were taken on year-round systematic and non-systematic research
boat surveys, as well as from whale-watching boats.
One hundred and seventeen systematic surveys were carried out following
predetermined line-transects covering the eight sectors. Surveys were carried out
between 2001-2002 and 2004, and from 2007 to 2012. In 2003 no data was
collected. Two vessels were used: the 12 m vessel Calcamar (in 2001 and 2002; at
11 km/h), and the 18 m research yacht Ziphius (from 2004 to 2012; cruise speed
12 km/h). The surveys had a mean duration of 11h 30min (harbour to harbour).
An average of 3 observers searched the area. The observers searched the area up
to the horizon, assisted with 7 x 50 binoculars, at an eye-height of 3 m or 5 m
above the sea level when using Calcamar or Ziphius respectively. The boat
followed predefined equal spaced zig-zag line-transects generated by Distance 4.0
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(Thomas et al. 2010) to ensure, as much as possible that equal geographic
coverage was obtained. Data and track courses were recorded on a laptop
connected to a GPS, using the data logging software Logger 2000 (developed by the
International Fund for Animal Welfare). Weather, effort, and sighting information
(GPS position, initial time, best group size estimation and group composition) were
recorded. Effort was conducted during daylight hours and only with Beaufort Sea
state ≤3. In the systematic surveys, time sometimes constrained the data collection
of individual photographs of the entire group; as such the photographic coverage
and identification of all the individuals present in the group was not always
possible.
One hundred and eighty four non-systematic surveys were carried out between
2004 and 2012. Surveys were conducted during daylight hours and sea state ≤3
Beaufort Sea using a 6.5 m rigid inflatable boat Roaz (cruise speed 15-25 km/h)
and the 18 m research yacht Ziphius (cruise speed 12 km/h). Two to four
observers searched the area up to the horizon, assisted with 7 x 50 binoculars, at
an eye-height of app. 2 m. No predefined transect were followed.

A daily

assessment was made to define which area survey; this was done based on
weather conditions, tips of observers on land; tips from the whale-watching boats
and areas expected to have a higher presence of dolphins. The mean duration of
surveys was 6h16 and the searching effort was not equally distributed throughout
the different areas.
When a group of dolphins was encountered, data on the sighting was collected.
Following that, the boat slowly approached the group and an attempt was made to
obtain several photographs to identify each individual. In this study, the term
‘group’ was used as the sampling unit and defined as all dolphins sighted within a
100 m radius of each other (Wells et al. 1987). Dolphins were classified into three
categories - adults, subadults and calves according to their size, colour, and
behaviour. The adult class corresponded to large and robust animals. Calves were
identified by their small body size and/or permanent association with an adult
(Mann et al. 2000). Individuals whose body size was smaller than that of adults
and that were independent from an adult animal were considered subadults (Wells
et al. 1987). Photographs were taken using digital cameras (Nikon D2H and D700)
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equipped with Nikkor zoom lenses ranging between 70-400 mm in both
systematic and random surveys.
Digital photographs from different opportunistic platforms were analysed. These
images were obtained from 2003 to 2012 in the south coast of Madeira island
(sector 3; Figure 2.2). The opportunistic platforms operate year-round, with 1-3
daily trips, with no specific target species. The photographs were taken whenever
bottlenose dolphins were sighted by trained observers onboard, as well by
experienced skippers.

2.2.3 Photo-identification processing
A photo-identification (photo-id) catalogue was compiled. A dataset of capture
histories was created using individual information taken from the photographs.
(Würsig & Jefferson 1990). An individual identification within an encounter was
defined as a capture.
Photographs were graded as 'good', 'fair' or 'bad' (Figure 2.3), according to their
level of focus, contrast, exposure, the angle and size of the dorsal fin in the frame.
Additionally, the distinctiveness of each frame was graded as 'very distinct',
'distinct', slightly distinct' or 'unmarked' (Figure 2.4). Only 'good' quality, 'very
distinct' and 'distinct' photographs were used in this study in order to increase the
certainty of matches. Calves were excluded from the analysis.

(a)

(b)

(c)

Figure 2.3 – Examples of (a) good, (b) fair and (c) bad quality photos of the same
individual, Tt 250.
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(a)

(b)

(c)

(d)

Figure 2.4 – Examples of (a) very distinctive, (b) distinctive, (c) slightly distinctive and (d)
unmarked individuals.

All photo processing was done using Darwin 2.0 © (Eckerd College Dolphin
Research Group), including cropping the dorsal fin area and adjusting light and
contrast. Then a contour was done to the trail edge, which is identifiable from both
sides (Auger-Méthé & Whitehead 2007), and the program compared that fin to all
others stored in the database searching for a match. Only the contour was used to
compare the fins, secondary features like fin shape or scars were only used to
confirm a match by naked eye. Whenever a match was found, confirmation by the
researcher was made, and the same identification number from the individual
stored in the database was assigned. If the program did not find a match, the
researcher would make another attempt of comparison by eye, with all the
individuals of the catalogue, using the number of nicks of the dorsal fin. If a match
still was not found, a new identification number was attributed to that individual
and it added to the catalogue.

2.2.4 Association patterns
Data for association analysis was organized to suit the needs of the software
programs SOCPROG 2.4 (Whitehead 2009). Sampling period was defined as a day,
and associations defined as individuals grouped within an encounter (Whitehead &
Dufault 1999).
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2.2.4.1 Cluster analysis
Cluster analysis can be a useful way to classify and visually display relationships
among individuals by means of association indices (Whitehead 2008). A
hierarchical cluster analysis was obtained from the association data and it was
used to illustrate the relationships between dolphins. The cophenetic correlation
coefficient (CCC), was used to determine which type of cluster analysis was more
suitable to the data. The CCC is the correlation between the actual indices of
association and the levels of clustering shown in the diagram. It indicates the
effectiveness of the analysis in order to separate potential dendrograms from
those that are truly representative of complex social structure.
The average-linkage method using simple ratio (SR) (Equation 2.1) association
indices was elected as the most appropriate for this data when compared to single, complete-, and Ward’s- linkage (not shown). It provided the best CCC value, as
≥0.8 is considered to be a good fit (Bridge 1993).

SR =

X

Equation 2.1

X Ya Yb

where:
X = the number of times both individual a and b were seen together in the same
group,
Ya = the number of times individual a was seen,
Yb = the number of times individual b was seen.
The index most commonly used in the analysis of social structure in cetacean
populations is the Half Weight Index (HWI) (Wells et al. 1987; Smolker et al. 1992;
Slooten et al. 1993; Bedjer et al. 1998; Maze-Foley & Würsig 2002). This is mainly
because in photo-id it is not always possible to photograph and identify all
individuals within a group, making the HWI least biased when pairs are more
likely to be seen separate than together (Cairns & Schwager 1987). Despite this,
Ginsberg & Young (1992) argued that the general use of the SR is recommended
and Whitehead (2008) refers that, if association indices are compared among
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dyads or within populations it is more likely that the bias will be similar for all
dyads, making it of least concern. Also, the sampling period was set short (a day) in
order to reduce to the minimal bias (Whitehead 2008).
Permutation tests were performed to assess if the dolphins showed any
preferred/avoided associations (Manly 1995; Bedjer et al. 1998; Whitehead 1999).
The number of permutations implemented was increased until the P value
obtained from the Monte Carlo simulation stabilized and the confidence intervals
decreased. Two options for permuting data in this kind of analysis were used in
this study: 'Permuting groups within samples' and 'Permuting associations within
samples'. The former investigates both short-term (within a sampling period) and
long-term (between sampling periods) associations, while the latter investigates
only for long-term associations (Whitehead 2008; Whitehead 2009). The same
author suggested that 'Permuting associations within samples' is the more useful
method because it has fewer assumptions and it controls for gregariousness
although not for factors affecting the presence of group members (e.g.
demographic effects like birth, mortality or migration). To test for both long- and
short-term associations, the two described tests were included in this analysis.
In order to determine if there were divisions within the study population,
modularity (Newman 2004) was investigated. Modularity is the difference
between the proportion of the total association and the expected proportion,
within the clusters. It ranges between 0.0 (randomly formed clusters) and 1.0 (no
associations between members of different clusters) (Whitehead 2008). Newman
(2004) suggests that if the modularity ≥ 3, then the division between the clusters is
'good'. Using a modification to Newman’s test, Lusseau (2007) designed a method
to maximize modularity through a series of tests along the dendrogram, where
maximum modularity gives a correspondent association index called 'stopping
point' that is the recommended cut-off value to form sub-groups or units.
For this study, only dolphins that had been recorded at least three times between
2001 and 2012 were used. This value was selected as appropriate to ensure a more
accurate representation, given the range of the existing dataset.
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2.2.4.2 Temporal analyses: Standardized Lagged Association Rate (SLAR)
Whitehead (1995) introduced several analyses to address the scales of temporal
patterning in social relationships. The Lagged Association Rate (LAR) (Equation
2.2) is the probability of two individuals associated at a given time, will still be
associated time lags in the future, as given in the following equation:

∑
j,k\(tk-tj)=τ

∑

∑ ɑj (X,Y) . ɑk (X,Y)

X Y≠X

Equation 2.2

g(τ)=
∑
j,k\(tk-tj)=τ

∑

∑ ɑj (X,Y) . ɑk (X,X)

X Y≠X

where:
for a time period j: ɑj (X,Y)=1 if X and Y were recorded in association;
ɑj (X,Y)=0 if either they were not associated or none of the two individuals was
identified during sampling period.
The same applies to sampling period k, where ɑk (X,X)=1 if X was identified in
period k and ɑk (X,X)=0 if X was not identified during the sampling period.
The LAR is an estimate that uses individual identification histories to calculate the
ratio of the number of observed dyadic associations, occurring at different time
lags to all potential associations.
In many cases, a zero in the association data do not mean that the individuals do
not associate, but rather that the dyad was not observed associated during the
sampling period. In other words, not all the individuals within each sampling
period were accurately identified. In these cases Whitehead (1995) suggests using
Standardized Lagged Association Rate (SLAR) (Equation 2.3) instead of LAR. SLAR
expresses the probability of given the observed association of Y with X, a randomly
chosen association of X, identified after a time lag, will be with Y.
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∑

∑

j,k\(tk-tj)=τ

∑ ɑj (X,Y) . ɑk (X,Y)

X Y≠X

Equation 2.3

g’(τ)=
∑

∑

j,k\(tk-tj)=τ X

∑ ɑj (X,Y)
Y≠X

∑ ɑk (X,Y)
Y≠X

LARs and SLARs are plotted continuously against time lag, with a moving average
method. The number of potential associations can be changed, over which the
lagged associated rate and its accompanying lag are calculated. Care must be taken
to find an optimal moving average that does not compromise the data, because lag
will be less precise as the lagged association curve smoothes.

Like other social measures, SLARs have little value without some measures of
precision. In this study a temporal jacknife was used, in which different sets of
sampling periods are omitted in turn (Whitehead 2007), and implemented by
SOCPROG. Jacknifing is an acceptable measure of precision even though its
estimates are conservative and the assumption of independence might not be met
(Whitehead 1995; Whitehead 2007). Jacknife values are displayed in the graph by
error bars (Figure 2.9).
The inclusion of a null model provides an important basis for comparison to
determine whether preferred associations are present in the population. It helps to
consider what would be the values if the dolphins associated randomly. The
standardized null association rate is the inverse of the number of identified
individuals minus one, and does not change over time lag (Whitehead 2008).
Exponential models available in SOCPROG 2.4 were fitted to the SLAR using
maximum likelihood and binominal loss (Table 2.1). All SLAR models were fitted to
the curve and the best-fit model was chosen as that with the lowest Quasi Akaike
Information Criteria (QAIC) value. The difference between the QAIC of any other

32

Chapter 2 - Population structure

model and the selected one (ΔQAIC) gives an indication of how well the data
support the less favoured models following Burnham & Anderson (2002), where:
ΔQAIC: 0-2 substantial support for model
ΔQAIC: 4-7 considerably less support
ΔQAIC: >10 essentially no support.
Data used in this analysis comprised all sighting histories independently of the
coverage. This is mainly because the LAR is meant to describe temporal
associations between the entire population, and not just those associations within
the individuals encountered more often (Whitehead 2008). Additionally, given the
small sample size, the group coverage in each sampling period was not a
restricting factor in order not to bias the SLAR analyses.
Table 2.1 – Description of the models that can be fitted to the SLARs, using maximum
likelihood and binominal loss, in SOCPROG 2.4.
Model description
Constant Companions
(CC)
Casual Acquaintances
(CA)

Model Equation

Model interpretation
Constant companions, who stay together

g’=a

permanently
Casual acquaintances, who associate for

g’=a*e-bτ

some time, disassociate, and may reassociate
Association followed by disassociation at

CC + CA

g’=a+c *e-bτ

some time lag to a lower level of
associations where associations stabilize

Two levels of CA

g’=a *e-bτ + c*e-dτ

Association and disassociation occurring
on two different time scales

2.3 RESULTS
2.3.1 Photo-identification surveys
Between 2001 and 2012, there were 272 encounters resultant from 231 different
days; these included dedicated effort and whale-watching trips (Figure 2.5).
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Individual sighting histories varied greatly during the entire study period, ranging
from individuals sighted only once to individuals seen up to 13 times (median=2).
A total of 501 individuals were identified and catalogued, based on the marks of
their dorsal fin. The discovery curve for the overall number of individuals
increased throughout the study period as new individuals kept being added to the
catalogue. such finding suggests an open population with regular recruitment of
new animals to the study area. Contrarily, the discovery curve for re-sighted
individuals seemed to stabilize, as fewer new previously identified individuals

Identified individuals

were being added to the catalogue (Figure 2.5).

No. of individuals
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Figure 2.5- Discovery curve of the total number of marked individual dolphins (solid line)
and the total number of individuals captured >1 time (….).

2.3.2 Associations patterns
Seventy dolphins were captured on three or more occasions. The overall mean
association index was 0.03 (range=0.01-0.06; SD± 0.01) suggesting that, in general
associations within the population were low. Also, the maximum association index
for each individual had a low average of 0.38 (range=0.17-1.00; SD ± 0.18). The
maximum association index of 1.00 was recorded for two individuals (Tt074 and
Tt078) that showed a strong dyadic association, indicating that they were always
seen together (three occasions) (Figure 2.6).
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Maximum association index (by individual)
Figure 2.6 – Distribution of the maximum association index for distinctive individuals,
captured ≥3 times in the study area.

The number of individuals with whom dolphins associated with was not consistent
(mean=2.93; range=1.47-5.08; SD±0.90) (Figure 2.7). Although this may indicate
some differences in individual gregariousness, it may also reflect low coverage of

No of individuals

groups sampled.

Figure 2.7 – Distribution of the sum of association index for each individual, captured
more than three times in the study area.

Permutation tests for non-random associations indicated that the dolphins
recorded in this study did not associate preferentially with, nor avoided other
individuals. Higher SD and CV values of the real data over the permuted data were
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non-significant, for both permuted tests (short-term and long term associations).
As such, the null hypothesis that individuals associate randomly was not rejected
(Table 2.2). In addition, the observed SD was found to be slightly lower than the
random value, further indicating a random association between individuals as
suggested by Whitehead (1999). The permutation test supported these findings
given that, no dyads were seen to be significantly different from the permuted
data.
Table 2.2 – Tests for non-random associations among bottlenose dolphins seen ≥ 3 times.

SD

CV

Proportion non-zero AI

groups within samples

associations within

(short and long term)

samples (long term)

Real=0,07814

Real=0,07814

permutation=0,07815

permutation=0,07817

P=0,52200

P=0,44800

Real=2,83990

Real=2,83990

Permutation=2,83150

Permutation=2,84065

P=0,75200

P=0,46600

Real=0,15815

Real=0,15815

Permutation=0,16017

Permutation=0,15876

P=0,04500

P=0,21400

Real=0,02752
Mean AI

Permutation=0,02752

-

P=0,33100
Real=1,75
SD typical group size

Permutation=1,73725

-

P=0,71800

2.3.2.1 Cluster analysis
The dendrogram produced (Figure 2.8) was considered representative of the
structure within the studied population (CCC=0.806). All individuals were found to
be associated at an association index of <0.05. Modularity -G (peak at 0.477)
suggest that the best community division is at association index (AI) of 0.023. The
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value of the maximum modularity-G seems to meet the criteria of, if modularity
≥0.3 the divisions between clusters are 'good' (Newman 2004). Applying the
variable stopping rule at AI with maximum modularity value, to the dendrogram,
resulted in a rapid agglomeration of observed dyads, triads and their multiple
networks, from which it becomes impossible to distinguish separate groups. There
is no evidence that large groups or clusters forming a significant level of
organization exist and; much of the division within this population is based on
different patterns of identification, rather than preferential companionships.
However there was a dyad of dolphins that was always seen together (ID 74 and
78; AI=1; N=3times) and, some dyads of dolphins spend more time together than
with other individuals. Those dyads refer to dolphins 241-245; 314-344; 160-271
and 56-84 with an AI of 0.67. This hierarchical cluster analysis indicates that the
level of fidelity and companionship within this population is low.
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Figure 2.8 – Dendrogram of bottlenose dolphins in Madeira archipelago using hierarchical cluster analysis. The average linkage and the Simple Ratio
Index for association for individuals seen ≥3 times from 2001-2012 is shown. The dashed line represents cluster division resulting from
Modularity-Gmethod.
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2.3.2.2 Temporal analyses: Standardized Lagged Association Rate (SLAR)
A total of 291 individuals recorded during 108 encounters, corresponding to 101
days, from 2004 to 2012 were used to access the temporal pattern of the social
structure.
The model fit to the SLAR that best described this bottlenose dolphin population
was 'casual acquaintances' (Whitehead 1995). (Table 2.3; Figure 2.9). An analysis
of the rates of associations between individuals over time showed that the SLAR
line starts to decrease at approximately 500 days and reaches the null rate (Figure
2.9) confirming the presence of random associations given by the permutation
tests made in the cluster analysis. The social-system model that best fits the SLAR
curve indicates casual acquaintances in a large population, possibly including rapid
disassociations. However, a second model also strongly supported the SLAR
(ΔQAIC= 1.60) and it suggests two levels of acquaintances: a short, casual level of
association and a longer-term one, as described by Whitehead (2008). A visual
inspection of the data used to generate the SLAR, indicates that a small number of
individuals seems to have longer associations. For example individuals 74 and 78
were seen together twice in the same year (2005) and once five years later (2010)
(AI=1). Eight individuals (56; 84; 160; 241; 245; 271; 314 and 344) had an
association index of 0.67 which indicates that in more than 30% of the time they
were seen associated with the same individual. However, when using LARs or
SLARs to address the temporal nature of relationships it is important to make sure
the results are consistent with those obtained through other methods like cluster
analysis (Whitehead 2008). Hence, in accordance with the results obtain by the
cluster analysis that showed an overall low association index, the model that uses
casual acquaintances to explain social structure in this population was chosen
despite some variation in association pattern between individuals used in this
analysis.
Following the model of casual acquaintances the gregariousness of the study
population was estimated at 69 individuals (1/a) if rapid disassociations do not
exist, and the associations were estimated to last for 998 days (2.7 years) (1/b).
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Table 2.3 – Exponential models using maximum likelihood and binominal loss, used to
describe the temporal pattern of associations of bottlenose dolphins in Madeira. The best
model corresponds to that with lower ΔQAIC value (highlighted in bold).
Model

Best fit

No
Parameters

Constant
Companions (CC)

QAIC

ΔQAIC

Support

g’=0.009094

1

1000.89

14.51

No support

g’= 0.014543*e-0.0010022τ

2

986.38

0

Best support

3

998.80

12.42

No support

4

987.98

1.60

Casual
Acquaintances
(CA)
CC + CA
Two levels of CA

g’=0.0088741+0.2867 *e0.57626τ

g’=1.3895 *e-1.4476τ +
0.014029*e-0.00095305τ

Strong
support

Figure 2.9 – SLAR for bottlenose dolphins captured between 2004 -2012 using a moving
average of 3000 associations. Estimated SE bars were produced by jackknifing on each
sampling period. The best-fit model suggests casual acquaintances and was obtained using
maximum likelihood methods. The null association rate represents the expected value of
the SLAR if there was no preferred association and is included for reference.
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2.4 Discussion
2.4.1 Photo-identification
There is strong evidence that bottlenose dolphins seen in the archipelago of
Madeira belong to an open population with regular recruitment of new animals to
the area. The discovery curve for new individuals does not seem to stabilize, and
thus more new individuals are expected to be captured. The large size of the study
area may have contributed to this high number of catalogued individuals.
Extending the survey area to all three islands (Madeira, Desertas and Porto Santo),
allowed a higher chance of capturing transients or dolphins from other
communities, as mentioned by Silva et al. (2008) referring to the archipelago of
Azores. Nonetheless, the curve of the number of animals with more than one
capture (recaptures) seems to be reaching a plateau in the last year of the study.
This means that there might not be many more individuals with a strong sitefidelity (see Chapter 3), available to be captured in the study area, as well as that
their number is low compared to the number of dolphins in the catalogue. The
variations in the time gap time between many of the re-sightings of identified
individuals in the study area suggested that Madeira archipelago represents part of
a larger home range within the Northeast Atlantic. A genetic study by Louis et al.
(2014), investigating habitat driven population structure of bottlenose dolphins
within the Northeast Atlantic, found that individuals sampled in Azores shared a
genetic structure with individuals identified in the European continental shelf,
despite the large distance that separate these two places. A similar scenario seems
to occur in the present study with a small percentage of individuals showing some
degree of residency and the majority of the individuals being transients or
migrants that move in a much wider area than the study area.

2.4.2 Association patterns
The results from the dendrogram showed that the overall association index of the
dolphins was low and that there was no clear structure in the social organization.
The dolphin population presented a dynamic and fluctuating social structure with
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little fidelity between individuals, typical of the fission-fusion system. Given the
pelagic environment of Madeira archipelago, this finding is not unexpected. Highs
level of associations in bottlenose dolphin populations seems to be more common
in more enclosed environments, such as estuaries, bays and fjords (Lusseau et al.
2003). The high association levels in more enclosed communities could be,
partially due to the topographic features that could pose difficulty for
neighbouring communities to meet (Lusseau et al. 2003; Merriman 2007).
Nonetheless, this scenario is not the case in an open oceanic habitat. Despite the
low AI found in this study, there were two dolphins that were never seen apart and
several others that revealed a higher AI than the overall mean, suggesting longerterm relationships. Some stable associations among pairs or even trios of
individuals have been documented in various populations of bottlenose dolphins,
although there appears to be considerable variability among populations in the
types and degree of such stables associations (Connor et al. 2000).
Sex seems to be an important feature driving these associations, as sex-specific
bonds are reported for this species in some long-term studies (Connor et al. 2000).
The same authors point out that determining the sex of bottlenose dolphins in the
field is difficult given lack of dimorphism in adults. Often sex determination is
limited to individuals presumed to be females because of the consistent proximity
of a small calf. That was the case in this study; only a few individuals were assumed
to be females. Prey type may also play an important role in shaping school size and
in the decision making whit regards to leaving or joining schools, as suggested by
Lusseau et al. (2004). Bottlenose dolphins are often reported to circle around fish
schools, with one or a few individuals at a time preying on the fishes (Connor et al.
2000). The Madeira archipelago is an open water habitat allowing bottlenose
dolphins pursue schooling as well as pelagic solitary prey throughout the water
column.
The results of the permutation test did not lead to rejecting the null hypothesis,
suggesting that random associations persist in the bottlenose dolphins population
studied in Madeira. Similarly, the temporal analysis also indicated the presence of
random associations over time. The decline of the SLAR curve after approximately
500 days (1.4 years) suggests disassociation over that time period which can be
explain by demographic events such as mortality or emigration (Whitehead 2008).

42

Chapter 2 - Population structure

However, the associated SEs on the SLAR are quite large (Figure 2.9), so it should
be noticed that this are general trends that cannot predict the association pattern
of all individuals at all times.
A study carried out on bottlenose dolphins in the outer Moray Firth (Eisfield &
Robinson 2004) obtained similar results to those presented here. The authors
found no clear architecture or division of groups except for dyads and triads with
random associations. Same results were found in the Shannon Estuary, Ireland,
where social structure in a smaller population of dolphins was found to lack
fidelity between individuals (Foley et al. 2010). Also, focal follows studies in Shark
Bay, Australia describe changes in group composition occurring on average three
or four times per hour (Connor et al. 2000). More unusual in this species are the
results of a study of bottlenose dolphins in Doubtful Sound, New Zealand that
demonstrated a unique fission-fusion social structure as long lasting associations
were a strong feature of the community (Lusseau et al. 2003).
To summarize, bottlenose dolphin social structure can vary drastically, from being
mainly driven by constant companionship to featuring mostly acquaintances that
last only a few days (Lusseau et al. 2006). It would be useful to examine if different
segments of the populations have different patterns of interactions, like sexrelated relationships. That would be interesting future research in this population
present in Madeira.
It is important to highlight that the association coefficients estimates reported here
can be negatively biased, mostly owing to the inherent difficulties of the
methodology applied (Stevick et al. 2001); those difficulties lie, manly in the
inability to photograph each individual present during each encounter. In addition,
as the study was restricted only to well-marked individuals (0.68, see Chapter 4),
potential associations between unmarked individuals (like calves and juveniles)
and the rest of the population is not being accounted for. Mother/calf pairs of
bottlenose dolphins living in a fission-fusion community are expected to present
long-term associations as calves are known to stay with their mother for up to
eight years after birth (Greiller et al. 2003).
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In conclusion, the bottlenose dolphin population that lives in Madeira waters did
not exhibit any signs of group fidelity and social stability like it has been
documented in other bottlenose dolphin populations (e.g. Lusseau et al. 2003).
This population exhibits a fission-fusion society that is predominantly formed of
short-term acquaintances with only a few long-lasting associations similar to the
well-studied bottlenose dolphin population present in Sarasota Bay, Florida (Wells
et al. 1987) or in the Scottish east coast (Lusseau et al. 2006). This lack of
community structure should be considered in future conservation efforts.
Understanding the social relationships among individuals is important to define
management guidelines for the population of bottlenose dolphins in Madeira and
this dynamic should be taken into consideration in future government managing
plans.
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CHAPTER 3
GROUP DYNAMICS, SITE FIDELITY,
RESIDENCY AND MOVEMENT PATTERNS

3.1 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 point out the importance of a
habitat. Residency is generally defined based on the amount of time an individual
spends in a certain geographic area (Wells & Scott 1990). The parameters used to
define residency in studies with cetaceans vary widely and most of the times are
influenced by the local geography and access to the population of interest. This
often requires long-term studies of populations, which can be particularly
challenging when studying highly mobile species like bottlenose dolphins.
Bottlenose dolphins tend to form resident or semi-resident populations across
their distribution range. For instance, bottlenose dolphins are year round residents
in the Moray Firth and Sarasota Bay (Scott et al. 1990; Wilson et al. 1997), while
dolphins identified in Bahia Kino (Gulf of California, Mexico) and in the Shannon
Estuary (Ireland) are not (Balance 1992; Ingram & Rogan 2003). The pelagic
waters of 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 harder to establish than in more enclosed areas. Sheltered areas, by offering
predictable and highly concentrated prey, are more likely to support resident
communities, often with fewer individuals with similar residency pattern. Studies
in remote open-ocean systems often rely on site fidelity, the tendency for
individuals to return to or remain in the same area over time (Baird et al. 2008).
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Commonly, the size of the area typically surveyed in open-ocean (e.g., 4818 Km2 in
Madeira archipelago in Alves et al. 2013) is much larger than areas like bays and
estuaries (e.g. 336 km2 in Martinho, 2012). It is then expected a lower encounter
rate in the open ocean and thus, the definition of residency should be adjusted
accordingly. These remote oceanic habitats, such as Madeira, are prone to localized
upwellings, eddies and convergence zones, which may enhanced primary
productivities and promote biomass accumulation at specific sites (Caldeira et al.
2002).
Little is known about residency and movement patterns of bottlenose dolphins in
Madeira archipelago. Previous studies have shown that these dolphins are one of
the most frequently sighted cetaceans from both research surveys and whalewatching trips (Dinis et al. 2009; Ferreira, 2008) but more detailed information on
population dynamics is still lacking. The importance of determining whether a
population or part of it is dependent of a specific area is crucial for future
management decisions that aim those areas and/or species.
In this chapter, long-term photo-identification data of bottlenose dolphins from
both research surveys (systematic and non-systematic), was used to determine
group dynamics. Moreover, data from opportunistic encounters of whale-watching
boats was added to access the level of residency and site fidelity, as well as
investigate movement patterns within and off the study area.

3.2 METHODS
3.2.1 Study area, field surveys and photo-identification
Data collection was conducted on eight pre-established sectors for systematic
surveys around the islands of Madeira, Desertas and Porto Santo, from 2001-2002
and 2004-2012 (see chapter 2: Figure 2.2). Photographs were obtained from yearround systematic and non-systematic surveys, in addition to whale-watching boats
trips. Details of the surveys, photo-identification procedures and analysis of
photographs are presented in the previous chapter (see Chapter 2).
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3.2.2 Group dynamics
In the present study, the term ‘group’ was used as the sampling unit and defined as
all dolphins sighted within 100 m radius of each other (Wells et al. 1987). Group
size was determined as best estimated at sea. Group composition was determined
by counting the minimum number of adults, juveniles and calves present. For this
analysis only data from research surveys was considered; whale-watching data
was excluded due to possible errors on estimating the group size/composition.
A one-way ANOVA was used to investigate if there were significant differences in
group size across months. Data was pooled after confirmation that there were no
significant differences between years (not shown). One Kruskal-Walis ANOVA was
used to see if there were significant differences in the percentage of calves per
group observed between months. Also, a Kruskal-Walis ANOVA was use to infer if
the percentage of groups with calves were significant across months. The
assumptions for the ANOVA (α=0.05) analysis were tested using Shapiro-Wilk and
Levene’s test. All the analyses were made in R 3.0.2 software (R Development Core
Team, 2012). Additionally, the percentage of encounters that displayed interspecific relationships was calculated.

3.2.3 Site fidelity
Site fidelity was determined by the sighting frequency, number of years observed
and mean monthly sighting rate (MMSR). Data from whale-watching boats was
included in the analysis of the sighting frequency and number of years observed.
The monthly sighting rate was calculated using the proportion of months a given
individual was seen in relation to the number of months surveyed during the
year(s) it was observed in the study area. Then, averaging this value across the
years the animal was observed, the overall mean was obtained (Silva et al. 2008).
When the maximum value of the MMSR is reached (MMSR=1), it means that an
individual was seen in all the surveyed months in the years it was observed in the
study area. Kruskal-Walis ANOVA was used to see if there were significant
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differences between the MMSR and the numbers of years the dolphins were seen.
Shapiro-Wilk and Levene’s test were used on the ANOVA assumptions (α=0.05).

3.2.4 Residency
Residency to the study area was examined using social network analysis and
Lagged Identification Rates (LIRs).
Social network diagrams were produced with Netdraw 2.136 (Borgatti 2002).
Social networks are a useful tool as they display visually the social system of the
population in a clear and accessible manner. Using nodes to represent individuals
and lines in between to link the associated individuals, it graphically displays the
social organization within a population.
The residency pattern was included as an individual attribute. Residency patterns
were assigned to the individual dolphins based on their capture histories. The term
'resident' was used to designate dolphins that were regularly seen during the
study period in the study area (three seasons in a year and more than two
consecutive years). Following the nomenclature used in capture-recapture studies,
'transients' dolphins are those dolphins seen just once in the main area (Pradel et
al. 1997); animals seen more than once but in non-consecutive years were
considered 'migrants' (Kendall et al. 1997). All individuals seen in association
between 2004 and 2012 were used in this analysis.
The amount of time individuals spent within all the eight sectors of the study area
was examined through the Lagged Identification Rates, calculated in SOCPROG 2.4
(Whitehead 2009). Given that an animal of the study population can only be
identified if present in the study area, it is important to assess the potential for the
animals to leave the area. LIRs give us the probability that an individual observed
in the study area at a given time will still be present (τ) time lags in the future
(Whitehead 2001), as showed in Equation 3.1:

R(τ)

=

∑𝑗,𝑘(𝑡 −𝑡 )=𝜏 𝑚𝑗𝑘
𝑘 𝑗
∑𝑗,𝑘(𝑡

𝑘−𝑡𝑗 )=𝜏

Equation 3.1

𝑛𝑗 −𝑛𝑘
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where:
ni is the number of individuals identified in sampling period j;
mjk is the number of individuals identified in both periods j and k.
Both Lagged Association Rates (see Chapter 2) and Lagged Identification rates are
temporal analysis. However, this latter is not a dyadic association measure, but
rather the probability of an individual remaining in the study area divided by the
size of the population of interest within that same area.
Movements in and out from the whole study area were investigated using photo-id
data of all individuals photographed between 2004 and 2012. LIRs were displayed
graphically and models generated in SOCPROG 2.4 (Whitehead 2009) were fit to
the data using maximum likelihood and binominal loss (Table 3.1). The model with
the lowest Quasi Akaike Information Criteria (QAIC) was elected the most
appropriate to explain the data.
Table 3.1 - Models that can be fitted to Lagged Identification Rates. The terminology of the
fitted models must be interpreted with care: 'emigration' means emigration from the
database, there is no way of knowing if the dolphins actually died, left the study area or
simply were not captured again.
Model

Equation

Explanation
(N is the population size)

A

a1

Closed (1/a1=N)

B

1/a1

Closed (a1=N)

C

a2*exp(-a1*td)

Emigration/mortality
(a1=emigration rate; 1/a2=N)

D

(1/a1)*exp(-td/a2)

Emigration/mortality (a1=N; a2=Mean
residence time)

E

a2+a3*exp(-a1*td)

Emigration + reimmigration (a1=emigration
rate; a2/(a2+a3)=proportion of population
in study area at any time)
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F

G

Emigration + reimmigration
(a1=N; a2=Mean time in study area;
a3=Mean time out of study area)

(1/a1)*((1/a3)+(1/a2)*exp((1/a3+1/a2)*td))/(1/a3+1/a2)

Emigration + reimmigration
+ mortality

a3*exp(-a1*td)+a4*exp(-a2*td)

LIRs were 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.

3.2.5 Movement patterns
Transition probabilities for movements between sectors within the main study
area were calculated in SOCPROG 2.4 (Whitehead 2009). Also, an undefined area
outside the study area was included in the analysis. This undefined area represents
the whole area outside the study area, and it was included to account for
movements from a specific sector to an area that was not being surveyed. A
parameterized Markov model was used to access 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 in a single day (Whitehead 2009). The probability of an individual
remaining in the study area one sampling period later (µ) was also calculated
following Whitehead (2009): one minus the sum of the transition probabilities on
its corresponding row. The same dataset used for LIR analysis was used here.

3.3 RESULTS
3.3.1 Group dynamics
Group size and composition were examined for 242 independent groups
encountered between 2004 and 2012. Group size ranged from 2 to 90 individuals,
with an average of 17 individuals (median=12, ±SE 0.97). The majority of groups
contained between 6 and 10 dolphins (n=56) (Figure 3.1).

56

Chapter 3 - Group dynamics, site-fidelity, residency and movement patterns
56

60

51

49

40
29

30

18
13
6

2

2

1

1

1

86-90

9

4

36-40

10

81-85

20

31-35

Frequency

50

76-80

71-75

66-70

61-65

56-60

51-55

46-50

41-45

26-30

21-25

16-20

11-15

6-10

1-5

0

Group size

Figure 3.1 – Frequency of group size of bottlenose dolphins based on field counts between
2004 and 2012 in Madeira archipelago.

The one-way ANOVA showed no significant differences in group size across
months (P=0.23) (Figure 3.2).

Figure 3.2 – Group size across months. 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 (O) represents outliers.
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The analysis of group composition revealed that the calves were observed in
26.4%; the remainder groups were formed either by adults or by 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 3.3). Kruskal-Wallis ANOVA
found significantly different results in the percentage of groups with calves
observed between months (P<0.001) but, no significant differences between the
percentage of calves per group across months (P=0.70).

Frequency of groups with calves

0,6
0,5
0,4
0,3
0,2
0,1
0
Jan

Feb Mar Apr May Jun Jul
Months

Winter

Spring

Aug Sep

Summer

Oct Nov Dec

Autumn

Figure 3.3 – Frequency of groups containing calves across months.

In 36 encounters (14.9%), the dolphins were observed in association with another
cetacean (Figure 3.4). Short-finned pilot whale (Globicephala macrorhynchus) was
the species most commonly found in association with bottlenose dolphin followed
by Bryde’s whale (Balaenoptera edeni). In the former case the dolphins were
always outnumbered by the pilot whales and in the latter case the dolphins were
seen in the vicinity of the whale.
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16%
64%
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Figure 3.4 – Species seen in association with bottlenose dolphins. Short-finned pilot whale
(Globicephala macrorhynchus), n=23; Bryde’s whale (Balaenoptera edeni), n =6;
Balaenoptera sp., n=4; Atlantic spotted dolphin (Stenella frontalis), n=1; false killer whale
(Pseudorca crassidens) and sperm whale (Physeter macrocephalus), n=1.

3.3.2 Site fidelity
Individual sighting histories varied greatly. Some individuals were sighted only
once, others up to 13 times (median=2), during the entire study period. From the
total of 501 individuals catalogued (see Chapter 2), a total of 108 (21.5%) were resighted in more than 1 year, 16 individuals span over 4 y (3.2%) (Figure 3.5).
Individuals Tt032 and Tt086 were first documented in 2002 and subsequently resighted 12 and 13 times respectively during different months and years until 2012.
Tt009 was recorded in 8 years, seen in nearly every year of the study period with
the exception of 2004, 2006 and 2009. To note that there was no data collection in
2003.
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Figure 3.5 – Number of identified bottlenose dolphins in the Madeira archipelago versus
the number of years they were sighted in, between 2001-2002 and 2004-2012.

The Mean Monthly Sighting Rate (MMSR) was, generally low (range 0.12-0.45;
Median 0.23; SE ± 0.008). Figure 3.6 shows that the MMSR seems to increase with
the number of years the dolphins were seen although the Kruskal-Wallis ANOVA
found no significant correlation between these two factors (P=0.41).

8

Figure 3.6 –Mean Monthly Sighting Rate (MMSR) vs the number of years the dolphins were
sighted in. Confident intervals are represented by vertical bars.
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3.3.3 Residency
All individuals seen in association between 2004 and 2012 were used for this
analysis resulting in a total of 441 dolphins. Based on the previously established
residency criteria, 19 residents (4.3%), 41migrants (9.3%) and 381 transients
(86.4%) were identified. The social network diagram recognized a core network
formed by 380 individuals (86.1%) and 12 satellite clusters (range 2-9)with no
link to the main cluster, containing 61 dolphins in total (Figure 3.7). All the
individuals present in the satellite clusters are transient while the main cluster is
composed by dolphins of all three residency patterns. The visual inspection to the
main cluster shows the centrality of resident dolphins (Figure 3.8).

Figure 3.7 – 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. Residency patterns are indicated by the different shapes and
colours of the symbols: residents are represented as blue boxes, migrants as pink circles
and transient as grey triangles.
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Figure 3.8 – Zoom of the main cluster taken from Figure 3.6 were the centrality of resident
individuals is highlighted. Bottom left: detailed view of resident dolphins.

Lagged Identification Rates (LIRs) revealed that the model that best described the
movements

of

the

study

population

in

Madeira

archipelago

was

Emigration+Reimmigration (model F on Table 3.2; Figure 3.9). The model
indicates that on average, 178 individuals were in the study area at any one time
and that an individual remained in the study area an average of 90 days. The
average time an individual spent outside the study area was estimated to be of 313
days.
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Table 3.2 – Models fit to LIRs for bottlenose dolphins observed in Madeira archipelago:
residence times and movements in and out the study area, for all individuals captured,
between 2004 and 2012 (n=estimated population size in the study area).* marks the best
fit model (with the lowest QAIC value) fitted to the LIR graph.
Maximumlikelihood
value for
parameters

QAIC
value

Summed log
likelihood

*a1=N; a2=Res time
in; a3=Res time out

n= 177,890

7526,4115

-5063,831

90,28

312,93

a1=N; a2=Res time
in; a3=Res time out;
a4=Mort

n= 87,324

7528,6852

-5064,0152

-

-

a1=N; a2=Mean
residence

n= 200,002

7530,5667

-5067,9744

-

-

Model

Mean
Mean
residence residence
time in
time out

Figure 3.9–Lagged identification rate (LIR) for all individuals captured between 2004 and
2012.

Data

points

are

represented

by

circles

(Emigration+reimmigration) is displayed by a solid line.
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3.3.4 Movement patterns
Transition probabilities were estimated for movements between all sectors within
the study area (see Chapter 2: Figure 2.2), as well as to an undefined external area
within one day (Table 3.3). Sector 2 (Madeira West) was excluded from the
analysis due to the fact that only one encounter was recorded there, and no
dolphin was identified in sector 4 (Desertas East).
Table 3.3 – Probability of individual bottlenose dolphins to move between sectors (1-8)
and to areas outside the main study area (OUT), within one day period. (µ)is the
probability that an individual remains in a given sector one sampling period later.
To

1

3

5

6

7

8

OUT

µ

0,0998
0,1088
0,1235
0,1069
0,0950

0,1035
0,1032
0,0989
0,0971
0,1122

0,1180
0,0994
0,0748
0,1040
0,1071

0,1031
0,0973
0,1116
0,1045
0,0874

0,1007
0,1042
0,0962
0,1027
0,1054

0,1081
0,1267
0,0965
0,1040
0,0977
-

0,1041
0,1000
0,1036
0,0988
0,1051
0,0998

0,9288
0,3726
0,3801
0,3973
0,3847
0,3931

-

0,4084

From
1
3
5
6
7
8
OUT

0,0966 0,0979 0,0991 0,1003 0,0894 0,1083

Sector 3 (Madeira S) showed higher probabilities of movements to sector 8 (Porto
Santo N) than movements to any other sector. Also, movements from sector 6
(Travessa), which is located between Madeira Island and Porto Santo, were higher
to sector 1 (Madeira N); sector 7 (Porto Santo S) and sector 8. Sector 1 was also the
sector dolphins have the highest probability of remaining in that area. The external
undefined area outside the study area show relatively high values of movements
into, indicating that dolphins can leave the study area in short periods of time.

3.4 DISCUSSION
3.4.1 Group Dynamics
Groups of bottlenose dolphins in Madeira archipelago seem to be skewed towards
small sizes. Although large groups were encountered, the median value was similar
to those found in other studies with the same species (Merriman et al. 2009;
64

Chapter 3 - Group dynamics, site-fidelity, residency and movement patterns

Eisfeld 2003; Constantine 2002). One group was estimated to be formed by of 90
individuals, a group size more commonly found in open ocean habitats. Dolphin
species that inhabit pelagic habitats generally form larger groups (Shane et al.
1986). The average group size may also vary according to location; small groups
(3-7 animals) tend to be found in coastal areas (Ben Naceur et al. 2004; Bearzi et
al. 1997) whereas larger groups (up to 35 and as high as 180) in offshore waters
(Cañadas & Hammond 2006; Forcada et al. 2004). Madeira archipelago is an
oceanic habitat; larger groups are likely to be aggregations of transient pelagic
dolphins. Two factors may contribute to this - the risk of predation in open
habitats and preying upon schooling fish in the pelagic environment (Wells et al.
1980). Lusseau et al. (2003) suggest that oceanographic features such as isolated
regions and depth could influence bottlenose dolphin social organization; as such
those could also influence group size. Additionally, the definition of 'group' used
here (Wells et al. 1987) explains in part the results; the dolphins were often seen
in small groups separated from each other by a few hundred meters.
Bottlenose dolphins were recorded in every month of the year and, groups tended
to be larger in the summer and autumn, even though no significant differences
were found in group size frequency between months. This may be due to the
presence of the transient pelagic bottlenose dolphins observed during the summer
months.
Groups with calves were recorded year-round although more often in the spring
and late summer/autumn in Madeira archipelago, as expressed by the significant
differences found in the ANOVA analysis. This suggests that there is a preferential
period of the year for birthing and calving as similarly recorded in other parts of
the world (Wells et al. 1987; Grigg & Markowitz, 1997; Mann et al. 2000). As the
risk of predation is low (e.g. sharks and killer whales) in Madeira archipelago this
birth seasonality may be due to the warmer temperatures of water in theses
months. Mann et al. (2000) suggests that warm water is thermally efficient for
small calves or for mothers, and that food availability may fluctuate sufficiently to
favour seasonal births. Nonetheless, there is not sufficient information about prey
availability to relate both factors in Madeira archipelago.
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Bottlenose dolphins were seen associated with other species in 15% of encounters
being the short-finned pilot whale the most frequent of these associations.
Bottlenose dolphins are commonly found in mixed-species groups in pelagic
waters. In the Eastern Pacific a significant increase in mixed-groups was found
with increasing of distance from shore, and 40% of these groups were made up of
bottlenose dolphins and short-finned pilot whale (Scott & Chivers 1990). This
association, although common is poorly understood. Kraus & Gihr (1971) found
scars from squid suckers on one of two bottlenose dolphins captured in a drive
fishery together with a group of 101 pilot whales in the Faeroe Islands. As these
whales feed extensively on squid (Connor et al. 2000), the most likely reason for
those associations is opportunistic feeding. Pilot whales are deep divers and this
type of prey in more distant to shore pelagic waters, may be out of range for
bottlenose dolphins. The associations recorded of bottlenose dolphins and baleen
whales may also be related to feeding as the whales were seen lunge feeding at
surface with the bottlenose dolphins in the proximity (own observations).

3.4.2 Site Fidelity
Despite the large number of dolphins identified and catalogued during the study
period (n=501, see Chapter 2), only a small number of individuals was re-sighted
in more than one year (21.5%) and even a smaller number (3.2%) showed longterm site fidelity (i.e. seen at least in 4 years). Data on sighting frequency indicates
a small group of dolphins with high levels of site fidelity, the majority of the
individuals showed several different kinds of occurrence. Individuals infrequently
re-sighted also showed some degree of site fidelity to Madeira Island, and
individuals seen only once in the study area were likely to be pelagic dolphins just
passing through Madeira archipelago. However, it is not possible to say that even
the individuals with a high level of site fidelity were always present in the study
area as MMSR was generally low. Even though the ANOVA analysis showed no
significant differences between the MMSR and the numbers of years the dolphins
were seen, this is likely due to the fact that only few dolphins were seen in more
than five years. Such hypothesis is supported by the apparent increase of the
MMSR with the number of years the dolphins were seen in. Large populations of
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dolphins characterized by a low number of individuals with re-sightings are
considered typical of open water habitats (Defran et al. 1999), although they can
also occur in costal environments (Shane 2004). Silva et al. (2003) referring to the
neighbouring archipelago of Azores, suggests that seems reasonable to speculate
that dolphins occurring in the surrounding ocean areas may be drawn to the
islands due to the great productivity of waters around the islands. When compared
to open oceanic waters, these island habitats can act like 'oasis' responsible for
attracting several cetacean species that use the area as a foraging or migration
stop. A similar situation seems to occur in Madeira archipelago, where different
degrees of site fidelity to the islands indicate various patterns of occurrence.

3.4.3 Residency
The analysis of the social network diagram shows that individuals from different
residency patterns (residents, transients and migrants) associate with each other
(Figure 3.7). Only a small number of dolphins were found to be resident (4.3%)
according to the definition established. 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 some transient dolphins mix
with residents and migrants, while others do not. Individuals Tt86 and Tt32
showed a high level of betweeness centrality (a measure of centrality of a node in
the network), indicating that they may act as a 'social glue' that links other
individuals, favouring their position in the network (Lusseau & Newman 2004).
Similarly 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 according to those authors, some individuals are more important to the
network connectivity than others, and their removal may cause an effect not
immediately evident from a representation of the network. The mixture of
different patterns of occurrence, with the presence of resident, transients and
migrants, is also seen in other populations of bottlenose dolphins worldwide
(Baird et al. 2009, Silva et al. 2008, Connor et al. 2000), as well as in another
cetacean species (Globicephala macrorhynchus) in Madeira archipelago (Alves et al.
2013). Also, this is supported by the lack of genetic structure found by Quérouil et
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al. (2007) in the Northeast Atlantic, indicating that those associations might serve
as a stimulus for gene flow. The Madeira archipelago seems to have an open
population of bottlenose dolphins with a small number of individuals showing
residency to the area.
The Lagged Identification Rate (LIR) estimated that, on average, an individual
remains 90 days in the study area. As above, calling resident to some dolphins does
not imply that these individuals never leave the area; rather, they may travel over
a large range which was not covered by surveys in the present study. The LIR
curve starts to decay after approximately 100 days (Figure 3.10) indicating that
the dolphins leave the area through emigration or mortality. Nevertheless, after
this fall (≃2.7 y) the curve starts levelling again suggesting that some of those
individuals that leave the population return to the study area after this period.
Also, this levelling of the LIR curve may be an evidence of a mixed population of
residents, migrants and transients revealed by the social network diagram
(Whitehead 2008).

3.4.4 Movement patterns
The movement probabilities obtained indicate rapid movements between sectors.
However the survey effort was higher in sector 3 (Madeira S) which means that
movements can be under-represented on the remaining areas. Nonetheless, the
transitions probabilities seem to indicate movements between Madeira Island and
Porto Santo which are separated by approximately 50 km. The sector which seems
to be of some importance is sector 1 (Madeira N) with the highest probability of
dolphins remain in. Porto Santo N had the highest probability of dolphins moving
into from the sector 3, one of the greatest distance covered in the study area. This
suggests that dolphins covered 50 km within a day which is in accordance to Lynn
(1995) findings that found through radiotracking data that dolphins are able to
travel as much as 55 km in 12h. 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 within a daily range reported for this species, so these rapid movements
between the islands are not unexpected. Sectors 1 and 8 had the highest
probabilities of dolphins moving into, from the remaining sectors. Both sector 1
and 8 correspond to unsheltered and shallower sides of the islands Madeira and
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Porto Santo respectively. Potential explanations for such movements may include
foraging strategies related to vertical prey distribution and/or some human
disturbance. Although I cannot infer on the former due to the lack of knowledge on
prey distribution in Madeira archipelago, Silva (2007) found that in the
neighbouring archipelago of Azores, bottlenose dolphins used preferentially
shallow areas, between 100 and 600 m. This could be related to the fact that those
areas provide a more suitable habitat compared to open waters where dolphins
can take advantage of bottom fishes in addition to schooling prey.

Potential

explanations for this preference for unsheltered areas of the islands might be the
occurrence of any dynamic environmental phenomenon linked to such areas, and
the lower exposure to human impact (e.g. whale-watching).
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CHAPTER 4
SURVIVAL AND ABUNDANCE ESTIMATES OF
BOTTLENOSE DOLPHINS IN MADEIRA
ARCHIPELAGO
4.1 INTRODUCTION
The study of life history parameters is of fundamental importance to
understanding the dynamics of animal populations (Chapron et al. 2003).
Demographic processes, such as fluctuations in survival and reproduction, are the
ultimate cause of population change (Gaillard et al. 1993). As these processes can
be influenced by both ecological and anthropogenic factors, they are of great
importance for several research areas, like evolutionary, population and
behavioural ecology, as well as for management and conservation (Brooks et al.
2004). The abundance of a species can seldom be determined by census; i.e., is not
always possible to count all the individuals of a population. This is especially true
for marine mammals, which pose particular problems of access and scale. Most
marine mammals live entirely in the water, typically spend a large amount of time
submerged and can have very large populations ranging over wide areas
(Hammond 2010).
Demographic analyses often rely on following the fate of individually marked
animals using mark-recapture sampling (Lebreton et al. 1992). In this method
animals are captured, marked in some way and then released back into the
population. The initial marking is followed by one or more capture occasions
where live animals are recaptured or re-sighted, and/or dead animals are
recovered. The combination of these multiple recapture occasions results in
individual capture histories: a record denoting whether each individual was
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observed or not in each sampling occasion (White & Burnham 1999). The estimate
obtained from mark-recapture method represents the number of animals that use
the study area during the study period; it does not represent the density of animals
in the study area as in line transect sampling (Hammond 2010).
The estimation of population size in cetacean populations can be achieved using
data from photo-identification (photo-id) (Hammond 2010). Photo-id of natural
marks has allowed individuals cetaceans to be monitored in photographic 'capture
and recapture' samples (Hammond et al. 1990). This technique is commonly used
to study movements and behaviour of cetaceans worldwide and it was first applied
to bottlenose dolphins by Würsig & Würsig (1977). It works on the principle of
photographing individual animals and identifying them by their unique natural
markings. It is important though, to distinguish the application of this method in
open and closed population mark-recapture studies can be made between open
and closed population mark-recapture studies. A closed population will remain
constant in size and composition during the study, while an open population will
be subject to animals leaving and entering the population through births, deaths,
emigration and immigration. Although one might think that there is no such thing
as a closed population, it may be possible to have a closure by conducting a study
over a short time frame, and this scenario is often desirable. Mark-recapture
studies in closed population are used to estimate its absolute abundance. In open
population mark-recapture studies the estimates can take into account births,
deaths, immigration and emigration during the study period; additionally, it can
also be used to estimate survival, recruitment and population growth rates
(reviewed by Schwartz & Seber 1999).

4.1.1Model assumptions

Dependent on the state of the population (opened or closed), mark-recapture
methods rely on different assumptions; these are described below.
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Open population methods (Pollock et al. 1990)
1. All animals have the same survival probability until the next sampling occasion;
2. All animals have the same capture probability;
3. Marks are not lost or overlooked;
4. Individuals are immediately released after being sampled and intervals between
sampling occasions are longer than the duration of a sample;
5. Marking does not affect future catchability.
Cosed population methods (Otis et al. 1978)
In addition to the assumptions outlined above:
6. There are no births, deaths or emigration during the study period.
On one hand, photo-id does not require physical capture, handling or marking
which represents a huge advantage, but on the other hand it also makes it more
difficult to meet the assumptions described above.
Errors in the identification of individuals will lead to the violation of the third
assumption; they may result from the poor quality of photographs used, lack of
distinctiveness of the individual markings and lack of permanency of markings
throughout time (Hammond 1986; Stevick et al. 2001). To reduce the chances of
missing or misidentifying marks, the dataset analysed in this study only included
well-marked individuals and high-quality photographs. In spite of this precaution,
the chance of making identification an error is still present in the study; the
catalogue analysed here is quite extensive, and thus there is always possible biases
associated with violating the third assumption.
A long-standing issue with capture–recapture models involves the matter of
heterogeneity introduced by transient individuals passing through the sample area
at the time of sampling. These animals usually do not return in subsequent years
(permanent emigration), or they may be part of the population but not always be
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present in the study area (temporary emigration). The emigration process can be
described in three ways:
a) Markovian temporary emigration (non-random emigration), where the
probability of an animal being captured at time t + 1 depends on whether it was
available for capture at time t;
b) Permanent emigration, a special case of the Markovian emigration, where the
probability of a subsequent capture is zero for animals available for capture at
time t;
c) Random temporary emigration, in which the probability of capture at time t + 1
does not depend on whether the animal was available for capture at time t.
Permanent emigration provokes a confounding effect between emigration and
mortality (Williams et al. 2002) because it violates the assumption that all animals
alive at time t have the same chance of survival and capture until time t+1
(Lebreton et al. 1992).Open models fail to distinguish permanent emigration from
death not taking into account transience. This leads to negatively bias survival
rates (Pradel et al. 1997). Also, apparent temporary emigration occurs when
members of the population are available for capture; nonetheless, this seems to
happen on some sampling events and not in others (Silva et al. 2009). It is possible
to account for transience when estimating population size on cetaceans as has
been the case in some studies for estimating abundance (e.g. Silva et al. 2009,
Tezanos-Pinto et al. 2013; Conn et al. 2011; Madon et al. 2012). This study used
models for both open and close population mark-recapture methods, to analyse
long-term photo-id data of a bottlenose dolphin population with strong evidences
of transience and temporary emigration (see Chapter 2 and 3). In Chapter 3 it is
discussed that these dolphins are likely to have larger home ranges than the study
area and that transient individuals mixed with resident dolphins. These different
patterns of occurrence of the dolphins denote a wide ranging behaviour, causing
unequal capture probabilities and consequently introducing problems in the
analysis.
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There are no previous studies in Madeira archipelago that determined this species
abundance or survival. Estimating abundances for the resident dolphins can be
important to address the impacts of localized disturbances (Conn et al. 2011).
Despite this, estimating the absolute abundance could also be important to define
protected areas or management plans. In this chapter I estimated the apparent
survival and abundance in Madeira archipelago, using capture-recapture records
of naturally marked individuals from 2004 to 2012. The open population model
Cormack-Jolly Seber (CJS) was used to estimate survival between years and
capture probabilities for each year for Madeira archipelago. Abundance was
estimated applying two approaches:
1) The Schwarz and Arnason parameterization of the Jolly-Seber model (POPAN)
(Schwarz & Arnason 1996) with data pooled by seasons was used to gain an
understanding of the seasonal pattern of abundance of animals that visited the
area in each season (residents and migrants; see definitions in Chapter 3, section
3.2.4 Residency). This approach was also used to provide an estimate of the 'superpopulation', i.e. the total number of dolphins that used the area during the entire
study period.
2) The 2-sample Chapman-modified Peterson estimator (Hammond 2009) was
used to estimate the total number of animals present in the study area during each
pairs of seasons.

4.2 METHODS
4.2.1 Photo-id surveys
Photographs were obtained year round from two different types of surveys:
systematic and non-systematic. Systematic surveys were carried out between 2001
and 2004, and from 2007 to 2012 and two vessels were used: the 12 m vessel
Calcamar (in 2001 and 2002; at 11 km/h), and the 18 m research yacht Ziphius
(from 2004 to 2012; cruise speed 12 km/h) in Beaufort Sea states ≤3. Nonsystematic surveys were carried out using a 6.5m rigid inflatable boat (cruise
speed 20 km/h), in Beaufort Sea states ≤4, from 2004 to 2012 (see Chapter 2 for
details). Data collected during the surveys included GPS positions, group size, age81
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class composition, behaviour and individual photo-identification. Each collection of
photos would end when all the dolphins in a group were thought to be
photographed or when the group started avoiding the vessel, suggesting
disturbance. During the systematic surveys it was not always possible to collect
photos of each individual in the group due to time and logistic constrains.
However, in all encounters an attempt to photograph without bias towards
distinctively marked dolphins was made (as per Wursig & Jefferson 1990).
Digital photographs taken from different opportunistic platforms were also
analysed. These were obtained from touristic boats that make two trips per day to
search for cetaceans and/or other marine life; photos were collected from 2003
until 2012, mainly in the south coast of Madeira island (Figure 4.1). Data was
collected by experience observers on board as well by trained whale-watching
operators. Despite all types of surveys had been performed from 2001 to 2012,
only a subset was used in this analysis (see section 4.2.5 Data organization and
analysis).
Photographs were taken using digital cameras (Nikon D2H and D700) equipped
with Nikkor zoom lenses ranging between 70-400 mm in both systematic and nonsystematic surveys
Atlantic
Ocean
Iberian
peninsula
Archipelago
of Madeira
NW
Africa

33 ° W

Porto Santo

Madeira

17 ° W

Figure 4.1 – Map of the Madeira archipelago in the Northeast Atlantic (small picture) and
the study area (in grey on the larger picture), showing the area of operation of the whalewatching boats (diagonal stripes)(adapted from Alves et al. 2013).
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4.2.2 Photo-id processing
A photo-id catalogue was compiled and a dataset of capture histories was created
using individual information taken from the photographs analysed (as per Würsig
& Jefferson 1990). An individual identification within an encounter was defined as
a capture (see Chapter 2 for details). Only 'good' quality, photographs and 'very
distinct' and 'distinct' animals were used in this analysis in order to ensure the
certainty of matches. Calves were excluded from the analysis. After applying
constraints for photographic quality and individual distinctiveness, the sample
used in the analysis was restricted to 301 individuals.

4.2.3 Construction of capture history
Capture histories were constructed by grouping the records of sighting for each of
distinct animals through time. Data was displayed in a series of '1's and '0's, where
'1' indicates that the animal was captured at a given time (and as such, known to
be alive and in the sampling area) and '0' shows that the animal was not captured
on sampling occasion.

4.2.4 Data organization and analysis
4.2.4.1 Survival rates and capture probabilities

Data was pooled by years from 2001-2012 (excluding 2003) for the entire study
area as it was assumed that survival would not change greatly over areas, as
bottlenose dolphins are long-lived mammals. Goodness-of-fit (GOF) tests (TEST 2
and TEST 3) were run in RELEASE (Burnham et al. 1987) and with U-CARE V 2.3.2
(Choquet et al. 2009) to investigate potential violations of the assumptions. TEST 2
checks for differences in capture probabilities (heterogeneity) while TEST 3
assesses the assumption that all marked individuals have the same probability of
survival between sampling occasions. In order to address the possible violation of
equal probability of capture that would result in a lower survival rate, an ad doc
method introduced by Pradel et al. (1997) was used. The first capture of each
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individual was excluded from the analysis to overcome the transience problem.
This left truncation of the dataset suppresses the influence of the individuals
captured only once (permanent emigration) with a null rate of recapture
probability (Pradel et al. 1997). After truncation resulting sample size was 69
individuals and five years of data (2008-2012).
Overdispersion is a common occurrence in most capture-recapture data. This is
especially true in the case of gregarious species, such as dolphins, because the fate
of each individual within a group (seen versus not seen) is not independent of the
fate of the others (Anderson et al. 1994). Conversely, underdispersion is rarer and
it means that there was less variation in the data than predicted. Data were
examined for overdispersion by calculating the variance inflation factor (ĉ). This
factor can be calculated using several methods currently available. One option is to
estimate ĉ using the chi-square (ᵡ2) statistics provided by programs RELEASE
(Burnham et al. 1987) and U-CARE (Choquet et al, 2009), and divide it by the
number of degrees of freedom. This approach is not always the best for live
encounter capture-recapture data and the resulting estimate of ĉ can be biased
estimate from the true overdispersion. Plus, it can only be used in a limited type of
models, such as the full-time dependent (Cooch & White 2010). Alternatively, the
median ĉ approach estimates ĉ as the value for which the observed ĉ falls halfway
in the distribution of all possible ĉ generated, under the hypothesis that a given
value of ĉ is the true value. On average, the median ĉ is closer to truth than the ĉ
estimated from RELEASE or U-CARE, although it is usually biased high (Cooch &
White 2010). Here, all three methods were used to estimate ĉ and a conservative
approach was taken by selecting the largest resulting estimate.
Data was then analysed with Cormack-Jolly Seber (CJS) model in MARK Vs. 7.0
(White & Burnham 1999), to estimate the survival between years and the capture
probabilities for each year. The general full-time dependent model was fitted to the
data and then, progressively simpler models of few parameters were tested. Model
selection was based on the Quasi-likelihood Akaike’s Information Criteria (QAICc);
this criterion provides a good way to deal with overdispersion (Seber, 1982;
Anderson et al. 1994) and also accounts for differences in the sample size between
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models (Burnham & Anderson 2002). The model with the lowest QAICc value was
selected as the best fitting model.
4.2.4.2Abundance

Data was restricted to the south of Madeira (Figure 4.1) because of the constrains
imposed by the utilization of photographs taken by the whale-watching operators
that only use this area (increasing the effort in this area). Two approaches were
made to estimate seasonal abundance, the open Arnason-Schwarz model (Schwarz &
Arnason 1996) and the closed 2-sample Chapman-modified Peterson estimator
(Hammond 2009).
̂ ) do not apply to the whole
Estimates of abundance from the used models (𝑁
population, only to the well-marked individuals that were used in the analysis.
These estimates had to be corrected for the total population (Ntot- marked and
unmarked individuals). The Ntot was calculated by dividing N by the mean
proportion of well-marked individuals (θ̂). This proportion was estimated dividing
the well-marked individuals by the total number of photographed individuals,
using 14 good quality images with 3-7 individuals in the photograph, captured
from 2005-2012, resulting in a sample of 60 individuals.

For estimating the seasonal abundance of animals that use the area and the total
number of animals that used that area during the course of the study (super
population), data was pooled by seasons from 2004-2012 (n=237 individuals).
GOF tests (TEST 2 and TEST 3) were run in U-CARE V 2.3.2 (Choquet et al. 2009) to
investigate potential violations of the assumptions. Then, data was analysed with
POPAN in MARK Vs. 7.0 (White & Burnham 1999) abundance. This approach is
based on a reparameterization of the Jolly-Seber (JS) model with an additional
parameter, Nsuper that denotes the size of the super population (Schwarz &
Arnason, 1996). A range of models was investigated allowing survival (φ), capture
probability (p) and probability of entry (β) to vary over time (t) or not (.). The
Logit function was specified for survival (φ) and capture probability (p); the
Multinomial Logit link function for the probability of entry parameter (β) and the
Log link function for the estimate of abundance (Cooch & White 2010). Again,
model selection was based on the QAICc value. Additionally, this approach also
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provides an estimate of the 'super population'. The variance of Ntot was estimated
using the delta method following Wilson et al. 1999 (Equation 4.1).

Var Ntot=Ntot2

𝑣𝑎𝑟𝑁
𝑁

2

+

𝑣𝑎𝑟θ
θ

Equation 4.1

2

For estimating the total number of animals present in the study area during each
pairs of seasons, this dataset data was also pooled into seasons but using only one
month of each season (to meet the closure assumption)(Table 4.3). Then, it was
analysed by pair of seasons using a closed model, the 2-sample Chapman-modified
Peterson estimator (Hammond 2009) (Equation 4.2):

N=

(𝑛1+1)(𝑛2+1)
–1
(𝑚2+1)

Equation 4.2

where: n1 is the number of dolphins identified in the first sampling occasion; n2 is
the number of dolphins identified in the second sampling occasion and m2 is the
number of dolphins identified in both sampling occasions.
Given the small number of recaptures on the sample, this estimator was chosen as
the most adequate because it reduces small sample bias. Plus, it has a robust
estimate of variance. Variance was estimated according to the bootstrap
simulation procedure described in Stevick et al. 2001 (Equation 4.3).

VarNtot=

(𝑛1+1)(𝑛2+1)(𝑛1−𝑚2)(𝑛2−𝑚2)
(𝑚2+1)2 (𝑚2+2)

Equation 4.3

Sequential Chapman estimates were calculated for 4 pairs of seasons from 2011 to
2012 due to higher number of captures. Since there is no GOF test available for
closed population models, these estimations were not adjusted for overdispersion.
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For both open and closed models, lower and upper log-normal CIs for Ntot were
calculated as MNA+N/C to MNA+N*C (Thompson et al. 1998) (Equation 4.4),
where:

2
C=𝑒 1.96√ln(1+𝐶𝑉 𝑁)

Equation 4.4

and MNA is the minimum number of animals known to be alive in the population
(number of animals captured).
In addition, any possible trend in the seasonal abundance over time was
investigated, by fitting a linear regression to the data.

4.3 RESULTS
4.3.1 Photo-id surveys
Between 2001 and 2012, there were 272 encounters corresponding to 231 days of
effort that resulted in captures for photo-identification. Individual sighting
histories varied greatly, ranging from individuals sighted only once to individuals
seen 13 times (median=2), during the entire study period. A total of 501
individuals were identified and catalogued, based on the marks of their dorsal fin.
The discovery curve for the total number of individuals increased throughout the
study period as new individuals kept being added to the catalogue, suggesting an
open population with regular recruitment of new animals to the study area.
Contrarily, the discovery curve for re-sighted individuals seemed to stabilize as
fewer new individuals were recaptured (Figure 4.2, Table 4.1). As mentioned
above, after applying restrictions of quality photographs and individual
distinctiveness the sample used in this analysis was reduced to 301 dolphins.
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Figure 4.2 - Discovery curve of the total number of marked individual dolphins (solid
line) and the total number of individuals recaptured >1 time (dashed line).

Table 4.1 – Summary of captures history with the number of individuals marked and
recaptured in each year from 2011 to 2012.
Year
Total marked
individuals
Total recaptured
individuals
New marked
individuals
Recaptured
Individuals
per year

2001

2002 2004 2005 2006 2007 2008 2009 2010 2011 2012

13

33

61

95

143

167

218

253

329

451

501

4

13

18

30

40

53

64

74

101

122

125

13

20

28

34

48

24

51

35

76

122

50

0

5

10

7

4

5

21

24

58

129
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4.3.2. Capture-recapture data used
For POPAN the dataset used included data from 23 seasons for 2004-2012 and
only for the south of Madeira Island (Table 4.2). After GOF tests showed
significance for TEST 3.SR (transience) the first capture of every individual was
remove from the dataset (see Goodness of Fit tests below). This resulted on the
removal of 174 individuals and 15 seasons from the analysis.
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Table 4.2 – Summary data for POPAN as implemented in MARK, including type of pooling,
period of data collection, number of sampling occasions, number of uniquely marked
individuals captured and number of individuals captured after removal of the 1st capture.

Year

2004

Season

Sampling

Period

Occasions

No. of
individuals
captured

No. of
individuals
captured (no
first capture)

Spring

17 May-23 June

5

10

0

Summer

2 Sept-29 Sept

2

4

2

Winter

26 Jan-22 Feb

2

1

0

Spring

27 Apr-14 Jun

5

8

0

Summer

12 Jul-21 Sept

5

4

1

Winter

22 Feb

1

2

0

Spring

11 May-30 Jun

3

7

0

Summer

19 Jul-19 Sept

4

5

0

2007

Summer

29 Aug-22 Sept

7

6

0

2008

Spring

28 Apr-20 Jun

9

2

0

Summer

7 Jul-7 Sept

4

18

2

Spring

26 Mar-26 Jun

12

22

4

Summer

4-Jul-12 Aug

7

8

4

Autumn

13-Oct-18 Nov

7

6

1

Spring

17 May-30 Jun

10

8

3

Summer

14 Jul-22 Sept

17

39

12

Autumn

13 Oct-2 Dec

9

13

3

Winter

4 Jan-21 Mar

6

4

1

Spring

4 Apr-24 Jun

25

31

10

Summer

2 Jul-29 Sept

41

56

15

Autumn

4 Oct-28 Dec

21

35

17

Winter

7 Jan-25 Mar

14

39

25

Spring

9-Apr-29 Jun

19

18

7

2005

2006

2009

2010

2011

2012

For the Chapman estimator data used in this analysis included captures from
spring 2011 until spring 2012 totalizing 173 uniquely marked individuals (Table
4.3).
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Table 4.3 - Summary data used in the 2-sample Chapman-modified Peterson
estimator, including type of pooling, period of data collection, number of sampling
occasions, number of uniquely marked individuals captured and number of individuals
recaptured.
Year

Season

Period

Sampling
Occasions

No
individuals
captured

No of
individuals
recaptured

2011

Spring
Summer
Autumn
Winter
Spring

3-27 May
11-28 Aug
4-30 Nov
13-25 Mar
8-23 May

9
18
3
7
3

21
32
18
29
12

5
7
15
7

2012

4.3.3. Goodness of Fit tests
For survival and capture probabilities dataset, both GOF tests conducted in UCARE and in RELEASE were inconclusive. There was not sufficient data to run the
tests, and the only test that was performed was TEST 3.SR (test for transience).
This resulted in an overall test with an unexpected ĉ value of 0.20 indicating
underdispersion of the data. Then, ĉ was estimated through another method
described above (see section 4.2.4.1), the Median ĉ, implemented in MARK (White
& Burnham 1999). This test gave a ĉ value of 2.23 indicating significant
overdispersion of the data. While the latter case is more common on this type of
data and at the same time more conservative this ĉ value was used to adjust for
lack of fit of the data.
For abundance estimation using open model POPAN, GOF tests run in U-CARE
indicated some overdispersion of the data (Table 4.4). There was no evidence of
'trap effect' and that that effect lasted for more than one interval (TEST 2.CT and 2
CL). There was also no evidence of an effect of capture on survival (TEST 3.SM),
however there was a significant transience effect as showed by the result of TEST
3.SR. To account for this, the same approach used for the annual survival dataset
was used here, and the first capture of every individual was excluded from
seasonal data (Pradel et al. 1997). Dataset was reduced to 46 individuals and 8
seasons (2010-2012). Then, the data was reran in U-CARE (Table 4.4).
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Table 4.4 – Results from the GOF tests run in U-CARE for the seasonal dataset used in
POPAN, including the results of the overall test (TEST 2+3). Ĉ was estimated by dividing
the ᵡ2by the degrees of freedom (df). * are significant p values.
Test3SR
by seasons

by seasons
without 1st
capture

Test3SM

Test2CT

Test2CL

Global test

p value

0,001*

0,86

0,49

0,77

0,12

ᵡ2
df
ĉ

33,63
13

3,99
8

9,49
10

11,61
16

58,74
47
1,25

p value

0,06

-

0,81

0,33

0,26

ᵡ2
df

7,50
3

-

0,43
2

0,94
1

8,87
7

4.3.4 Survival rates and capture probabilities
The best fitting model was with constant survival and time variation capture
probabilities (φ (.) p (t)) (Table 4.5). The annual survival rate for this model was
0.95 (0.12 SE, CI=0.13-0.99).
Table 4.5 - Model selection for CJS candidate models. Data was pooled by years and
without the first capture. φ = survival; p= capture probabilities ;(.)=constant ;(t)=time.
Model

QAICc

Delta
QAICc

QAICc
weight

Model
Likelihood

No.
Parameters

Deviance

1 φ(.) p(t)

133,0877

0

0,74447

1

5

18,1690

2 φ(t) p(t) 135,8937

2,806

0,18303

0,25

7

16,0760

3 φ(t) p(.)

4,6582

0,07250

0,10

5

22,8272

137,7459

Figure 4.3 shows that there were fluctuations in capture rates between years.
There is an increase from 2010 onwards, but generally the values were low
ranging from 0.16 (±0.23) in 2010 to 0.50 (±0.26) in 2011.
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Figure 4.3 – Annual capture probabilities estimated from CJS model. Vertical bars
represent the 95% confidence intervals.

4.3.5 Abundance
4.3.5.1Arnason-Schwarz model (POPAN)

The POPAN candidate models for the seasonal dataset without the first capture
were adjusted for the estimated ĉ value (1.25) and are presented in Table 4.6
Standard models with constant and time-variation in survival and capture rates
were produced and fitted to the data. Model with constant survival and timevariation in capture and entrance probabilities received best support from the data
(Model 1, Table 4.6). Thus, parameter inference was done using only this model.
Table 4.6 – Model selection for POPAN data pooled by seasons without the first capture.φ=
apparent survival; p= capture and β= probability of entry; (.)=constant; (t)=time
Model

QAICc

∆QAICc

QAICc
weight

Model
Likelihood

No.
Parameters

Qdeviance

1 φ(.) p(t) β(t)

260,395

0

0,86484

1

23

-

2 φ(t) p(.) β(t)

264,538

4,143

0,10894

0,13

18

-

3 φ(.) p(.) β(t)

267,387

6,992

0,02622

0,03

13

-
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Figure 4.4 – Seasonal abundance estimates (marked and unmarked) in the South sector of
Madeira Island, obtained with POPAN (excluding transients). Vertical bars represent 95%
confidence intervals.

Due to higher number of captures, and thus more representatives, only estimates
from spring 2011 to spring 2012 are presented here. There were only minor
fluctuations on seasonal abundance of resident dolphins (Figure 4.4, Table 4.7).
Seasonal estimates of abundance, excluding the first capture of each individual,
and after correcting for the proportion of unmarked individuals, varied from 56
(95% CI=48-74) dolphins in autumn of 2011 to 72 dolphins in winter 2012 (95%
CI=63-84).
̂ is the seasonal
Table 4.7 - Averaged estimates of seasonal population size (Ntot). 𝑁
estimate of well-marked individuals. L CI= lower confident interval; U CI= upper confident
interval; 95% CI are corrected for the total population (marked and unmarked).
Proportion of well-marked = 0.68.
Year

Season

̂
𝑁

̂)
SE(𝑁

CV

Ntot

L CI

U CI

2011

Spring

47

11,69

0,25

69

56

91

Summer

40
38

9,75
9,12

0,24
0,24

59
56

49
48

80
74

49

6,26

0,13

71

59

92

44
125
299

7,32
1,42
1,42

0,17
0,16
0,16

65
183
438

53
155
394

89
218
486

2012

Autumn
Winter
Spring
Res
Res+Trans
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The super population that used the South of Madeira Island through the study
period was estimated in 299 dolphins. This was done by adding the transient
animals (n=174) that had been excluded to the estimated number of resident
dolphins (n=125). Correcting this value for the unmarked proportion of the
population (32%), the total super population estimation was 438 bottlenose
dolphins (SE=1.42, 95% CI=394-486) (Table 4.7).

4.3.5.2 Chapman-modified Peterson estimator

The estimates represent an entire year (spring 2011- spring 2012). The number of
recaptures (m2) is much higher in autumn-winter of 2011/2012 which represents
also the lowest estimate of abundance (Table 4.8).
Table 4.8 –Number of dolphins captured each season (n1 and n2), number of matches
̂).
(m2) and estimates of abundance for each pair of seasons (𝑁
Year
2011

2012

Seasons

n1

n2

m2

̂
𝑁

̂)
SE(𝑁

̂)
CV(𝑁

Spr-Sum
Sum-Aut
Aut-Win
Wint-Spr

21
32
18
29

32
18
29
12

5
7
15
7

120
77
35
48

1,97
3,22
0,40
1,25

0,02
0,04
0,01
0,03

In Table 4.9 are presented the seasonal estimates of abundance after correcting for
the proportion of unmarked individuals (0.32). The highest estimate is 176
dolphins in spring-summer 2011and the lowest is 51 dolphins in autumn-winter of
2011/2012. There were considerable variations in the seasonal estimates of
population size of bottlenose dolphins in the study area throughout an entire year
with the regression presenting a negative trend (r2=0.81). The four seasonal
estimates are independent estimates of population size as the number of matches
should be independent and CV values indicate that this estimation should be
precise.
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Table 4.9 – Number of total abundance after correcting for the proportion of unmarked
dolphins (Ntot) and 95% confident intervals. L CI= lower confident interval; U CI= upper
confident interval; Proportion of well-marked = 0.68.
Year
2011

2012

Seasons
Spri-Sum
Sum-Aut
Aut-Win
Wint-Spr

^N

SE

CV

Ntot

L CI

U CI

120
77
35
48

1,97
3,22
0,40
1,25

0,02
0,04
0,01
0,03

176
113
51
70

97
66
44
56

363
248
76
96

4.4 DISCUSSION
4.4.1 Model assumptions
The analysis of survival rates and abundance estimates presented here rely on a
set of assumptions derived from both open and close methods (see section 4.1:
Introduction). The violation of those assumptions has the potential to bias
estimates and need to be considered (Seber 1982).
The assumption that marks are not lost was unlikely violated in this study. The
characteristics used to identify individual bottlenose dolphins were nicks and
notches in the dorsal fin that are generally persistent and can last throughout the
lifetime of an individual (Lockyer & Morris 1990; Würsig & Jefferson 1990). Those
nicks and notches make the individuals reliable for posterior identification.
Additionally, by using only well-marked individuals and excluding calves (that lack
distinctive marks) (Würsig & Jefferson 1990), from the analysis helped mitigate
possible misidentification.
Captures of individuals are assumed to be independent events in mark-recapture
analysis. For animal populations that form groups though this can be problematic
because the capture of an individual can be dependent on the capture of another
individual. That can give a false sense of precision as lead to underestimating the
variance of the estimates. Excluding calves from the analysis eliminates the major
source of this potential bias. Also, the fluid nature of the bottlenose dolphin
population in Madeira (see Chapter 2), with individuals associating and
disassociating rapidly, reduces the impact of social structuring in this analysis
(Wilson et al. 1999).
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Perhaps the most difficult assumption to satisfy in capture-recapture studies is
that of equal probability of capture within a sampling occasion (Silva 2007).
Individual preferences for certain areas may affect the probability of encountering
a animal (Hammond 2010). In this study, in order to increase sample size (and
thus precision) the whale-watching opportunistic data was added to the analysis.
By doing this, the study area had to be reduced to the south of Madeira Island, and
the bias resulting from different photo-id effort was minimized. In Chapter 3 the
movements probabilities indicate that dolphins had a higher probability of staying
in sector 1 (Madeira North, Figure 4.1) which is an area that was not considered
for this analysis. In addition to this, the different patterns of occurrence of the
dolphins in Madeira archipelago (see Chapter 2 and 3) makes this violation even
more likely to occur. In addition, approximately 82% of the individuals of the
datasets used in this analysis were transients and were only captured once,
representing individuals that either died or permanent emigrated. As expected the
GOF tests gave significant values for transience and by applying the left truncation
(elimination of the first capture of every individual) the effect of transience was
minimized. The GOF tests indicated that the model structure was correct and the
small variance inflator (ĉ=1.25) points out that the excess of variation was not
large and was within the acceptable limits.
Besides the general assumptions earlier discussed, the assumption of closure for
the 2-sample Chapman-modified Peterson estimator was addressed by using
sampling occasions within one month period. However, even so, given the results
of movements patterns that showed that these dolphins can travel from one area
to another within one day (see Chapter 3), and thus leaving this study area it is
unlikely that the assumption held. This will certainly bias the population
estimation but, the direction and extension of that bias was not further
investigated.
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4.4.2 Survival
This study failed to estimate accurate annual survival rates for this population. The
GOF tests were inconclusive, both from U-CARE and RELEASE due to insufficient
data. By leaving all the transients in the dataset this leads to negatively bias
survival rates (Pradel et al. 1997). When removing them the captures were
insufficient to estimate annual survival parameter. Age effect cannot explain this
result because the analysis was restricted to well-marked individuals as explain in
the previous section, Model assumptions. Although the estimate of survival
resulting from the CJS models on the truncated dataset is expected (φ=0.95)
(within the range of other long-lived mammal), the CIs are wider and the
performance of GOF tests indicated that there are structural problems with this
dataset, that is probably too sparse or has too much variability. In open models,
permanent emigration is confounded with apparent survival and temporary
emigration is not estimated. This can affect capture probability with a secondary
effect on survival (Tezanos-Pinto et al. 2013). Silva et al. (2009) found higher
values of survival in the Azores archipelago for a populations that similarly had
high number of transient’s dolphins (φ=0.97, ± 0.029 SE). Contrarily, a population
of dolphins in Croatia with low levels of transience was found to have one of the
lowest rate of survival for cetaceans populations (φ=0.82, CI 0.694 - 0.908, Fortuna
2006). The estimate of 0.95 from this study is in the range of values found in other
bottlenose dolphin populations (Sado estuary, Portugal φ=0.961, SE=0.012 Gaspar
2003; Moray Firth φ=0.942, SE=0.048 Sanders-Reed et al. 1999; Sarasota Bay
φ=0.96, SD=0.008 Wells and Scott 1990). These differences in survival estimates
are likely to be related to ecological differences between study sites (Currey et al.
2008) or to different levels of natural or anthropogenic impacts (Silva et al. 2009).
Caution must be taken though when interpreting the estimate found in this study,
due to its lack of precision. Nonetheless, this value should be acceptable as there is
no apparent reason for this population to have low rates of survival. There are also
no major visible signs of threats in the study area that would differentiate the
population in Madeira from other similar bottlenose dolphin populations, such the
one studied by Silva et al. (2009) in the Azores.
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4.4.3 Capture probabilities
Capture probability was highest in 2011, likely due to a higher research effort in
that year.

There was great variation in the annual values, suggesting time-

dependency, as expected in the majority of mark-recapture studies in cetaceans
(Hammond 2009). The variability observed in the capture probabilities may be
explained by the variations in the effort, as sampling effort certainly influenced the
number of dolphins identified each year.

4.4.4 Population size
Hammond et al. (1990) refers that cetacean abundance studies that are carried out
as a by-product of general purpose photo-identification studies frequently suffer
from violations of the assumption, including that of unequal capture probabilities.
Although the photo-id catalogue analysed here is large and includes captures since
2001, the majority of the dedicated sampling effort was done in the last three years
(2010-2011). In order to minimize this potential bias, the captures made prior to
this period were excluded from the analysis. The seasonal differences found in
abundance in the last three years do not seem to be due to any methodological
problem and should reflect natural oscillations in the global abundance of
bottlenose dolphins in the study area. This study estimated that 183 resident
dolphins (95% CI= 140 to 246) used the south of Madeira Island from the autumn
of 2010 until the spring of 2012. Both open and closed models estimates followed
the same temporal variability throughout seasons. A consistent value of high
winter estimates of resident dolphins decreasing in spring is evident through the
study period. When comparing these results to the ones of Chapman estimator, the
tendency of the population size of the total number of dolphins that use the area, is
inverse. Here the lowest value was found to occur in the autumn-winter. The data
suggest that there was an increase on the number of dolphins in this area from
spring-summer until autumn, decreasing in winter and increasing again in the
following spring. Results showed in Chapter 3 indicated that, even though there
were no significant differences in group size across moths, there were some larger
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groups seen from June to October. Those groups may represent an influx of
transients and seasonal residents moving into the study area, which can explain
the higher number of dolphins in that period. The higher abundance estimates
generated from the Chapman estimator for spring-summer and summer-autumn
seems to corroborate that influx of non-resident dolphins. The residents, however
seem to be slightly higher during winter indicating that they might move out of the
area in the other seasons. This could be due to a shift in prey distribution; it may
also be due to the fact that by having more dolphins in the area during spring and
summer and that they mixed with resident individuals (see Chapter 3) the chances
of capturing resident dolphins decreases during that period. Often mark-recapture
studies assume that all animals are members of the same homogeneous
population, ignoring potential complications that arise from heterogeneous social
structure and different residency patterns (Conn et al. 2011). Similar patterns of
seasonal variability in abundance have been reported for other bottlenose dolphin
populations (New Zeland, Tezanos-Pinto et al. 2013; South Carolina, USA,
Speakman et al. 2010).
The south coast of Madeira Island is only a part of the range of a larger population
of bottlenose dolphins. The super population estimates from POPAN indicated that
438 (95% CI= 394-486) dolphins used the area at least once from 2004-2012. This
estimate includes those animals that may have died or emigrated permanently.
The estimate of population size provided here for the total number of dolphins
using the study area from 2010 to 2012 was higher than that published for
bottlenose dolphin population in the Moray Firth, Scotland (129 animals, 95% CI=
110-174; Wilson et al. 1999), in the Shannon Estuary, Ireland (107 animals, 95%
CI= 83-131; Berrow et al. 2012) and in North Carolina, USA (141 animals, 95%
CI=112-200; Read et al. 2003). This finding was to be expected as those studies
focused on areas that were inhabited by dolphins with a high degree of site-fidelity
and well-defined and smaller ranges (Silva et al. 2009).
As discussed previously, the violations of the model assumptions may lead to
biases in the abundance estimates to an uncertain level. This is specially so for the
assumption of equal capture probability in the Arnanson-Schwartz model, and the
assumption of geographic closure for the Chapman estimator. Nonetheless, this
study presents the first abundances estimates of bottlenose dolphins in Madeira
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archipelago. Providing separate estimates for the overall super population as well
as the resident population is important, as population size of residents alone, may
often be more important for managers when handling a specific area and its
localized impacts (Conn et al. 2011).
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CHAPTER 5
SPATIAL AND TEMPORAL DISTRIBUTION OF
BOTTLENOSE DOLPHINS IN MADEIRA
ARCHIPELAGO
5.1 INTRODUCTION
Effective conservation of wild populations requires an understanding of the
relationship between populations and their habitats and for that, the first step is to
determine which habitats are used with higher frequency (Cañadas et al. 2005).
Physiographic, oceanographic and biological variables can be used as proxies for prey
availability (known to most often determine the cetacean distribution patterns as a
predator response) (de Stephanis et al. 2008), which often are not available at the
required spatial resolution to be used for habitat use analysis (Redfern et al. 2006).
Foraging cetaceans are known to concentrate over areas of abrupt topography, such
as shelf breaks, steep slopes, canyons, shallow banks and seamounts (Cañadas et al.
2002; 2005; Yen et al. 2004; Baumgartner et al. 2001; Croll et al. 1998). These
habitats are characterized by higher productivity, as a result of upwelling-driven
nutrient availability (Genin 2004).
The bottlenose dolphin (Tursiops truncatus) occurs in populations that range from far
offshore waters to mostly or even exclusively coastal, along the continents or around
islands (Forcada et al. 2004). In Madeira archipelago the bottlenose dolphin is one of
the most common species (Dinis et al. 2009; Freitas et al. 2004), and this study
estimates that approximately 430 bottlenose dolphins have used the area at least
once, of which a small part was classified as residents based on their long-term and
year-round site fidelity (see Chapters 2,3 and 4).
Several anthropogenic activities in Madeira with potential impact on cetaceans,
especially the whale-watching industry (Ferreira 2007, Vera 2012) are growing, and
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this urges for an assessment of appropriate habitat use and distribution studies, in
order to identify possible preferences and to indicate if critical habitats do exist.
Despite the difficulties of investigating the marine environment, one of the more
common approaches to conservation is the establishment of marine protected areas
(MPAs) and although their effectiveness is the subject of much debate, they are
considered an important tool for conservation (Cañadas et al. 2005). In Madeira
archipelago MPAs covers only the coastal waters up to 100 m depth (Menezes et al.
2011), which is hardly effective for such a mobile species as bottlenose dolphins.
These animals usually have ranges that are too large to be included within a single
MPA, but addressing areas where threatening human activities significantly overlap
with the population range or important habitat can contribute effectively for the
species conservation (Silva et al. 2012). Protected areas design requires knowledge of
the spatial-temporal distribution and habitat requirements of the population of
interest, in order to adjust the size of the management area to the biological needs of
the target population (Silva et al. 2012). In addition the large habitat area usually
required for a species like the bottlenose dolphin can protect many other species
(Hoyt 2011) as these dolphins can act as an umbrella and a flagship at the same time
for the preservation of the marine environment.
Here, bottlenose dolphin sighting and survey effort data were used to examine habitat
use and distribution of bottlenose dolphins around Madeira, Desertas and Porto
Santo islands. These analyses use data from 2001 through 2012 (excluding 2003) to
calculate encounter rates and to investigate temporal occurrence and spatial
distribution of bottlenose dolphins in the study area.

5.2 METHODS
5.2.1 Study area
This study was conducted in the archipelago of Madeira, Portugal. The archipelago is
located in the warm-temperate waters of the northeast Atlantic Ocean, at
approximately 1000 km of the European continent and 500 km of the West African
coast (see Chapter 1, section 1.4 - Study area). The study area covers about 4818
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km2, and is characterized by a narrow continental shelf, with steep submarine
canyons and deep waters (ca. 1500 m) (Geldmacher et al. 2000). The area was
divided in eight (see Chapter 2 and 3 - study area) and four sectors for systematic and
non-systematic surveys respectively (Figure 5.1).

Fig. 5.1- Map representing the different sectors for non-systematic surveys.

5.2.2 Field methods
Sightings and search effort from dedicated surveys (systematic and non-systematic)
collected between 2001 and 2012 (excluding 2003) were used in the analysis (see
chapter 2 for survey methodologies details; Table 5.1).

5.2.3 Data analysis
Search effort was quantified as the number of km covered on effort mode under
Beaufort Sea state ≤3. In order to reduce bias sightings from radio calls from other
vessels were excluded. Effort and sighting data were then transferred into ArcView
9.3.1 (ESRI, Inc.), which was used for data processing.
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5.2.3.1 Spatial distribution
Search effort, sighting data, and static variables such as mean depth, mean slope and
minimum distance to coast were associated with each grid cell using Geographic
Information System (GIS) tools. Spatial distribution was investigated by dividing the
study area into a 2’ x 2’ grid of cells and calculating an encounter rate for each grid
cell. Encounter rate was calculated as the number of sightings by 100 km surveyed.
Data analysis was independent for each type of survey due to different
methodologies, and grid cells with <5 km of search effort were excluded from the
analysis to avoid small sample biases (Alves 2013); Panigada et al. 2005, de Stephanis
et al. 2008).
For the analysis of the encounter rate in relation to physiographic variables these
were ranked into bins. Depth and distance from the coast were measured in meters
and kilometres respectively, while slope was expressed in degrees. Polynomial
regressions were used to assess the best fit prediction between the response
variable encounter rate and each static covariate.

5.2.3.2 Temporal distribution
Monthly encounter rate was calculated using inter-annual data of each type of
survey. Encounter rate was calculated as the number of sightings/100km and
pooled by month.
Kruskal-Walis ANOVA was used to explore if there were significant differences in
the encounter rate between months for both systematic and non-systematic survey
data. Shapiro-Wilk and Levene’s test were carried out for the ANOVA assumptions
(α=0.05). All the analyses were made in R 3.0.2 software (R Development Core Team
2012).
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5.3 RESULTS
5.3.1 Effort and sightings
One hundred and ten groups of bottlenose dolphins were recorded along 10 596 km
of search effort during non-systematic surveys, and 89 sightings were registered
along 14 318 km of effort during systematic surveys, which totalizes 199 sightings
and 24 914 km of search effort from 2011-2012 (Table 5.1; Figure 5.2). During
systematic surveys, 2001 was the most surveyed year while 2011 was the year with
more encounters. Also, 2011 was the year with more effort and sightings in nonsystematic surveys.
Table 5.1 - Km surveyed, number of groups and encouter rate(ER) of bottlenose dolphins
sighted per year and type of survey.

Non-systematic surveys
Year

km

Groups

Systematic surveys

Total

ER

Km

Groups

ER

Km

Groups

2001

-

2 577

7

0,27

2 577

7

2002

-

1 943

7

0,36

1 943

7

652

7

1,07

1 107

24

2004

455

17

3,74

2005

1 853

17

0,92

-

1 853

17

2006

2 005

11

0,55

-

2 005

11

2007

649

6

0,92

919

6

0,65

1 568

12

2008

-

2 274

15

0,66

2 274

15

2009

-

500

4

0,80

500

4

2010

953

13

1,36

1 551

10

0,64

2 504

23

2011

3 266

26

0,80

2 510

17

0,68

5 776

43

2012

1 415

20

1,41

1 392

16

1,15

2 807

36

Total

10 596

110

14 318

89

24 914

199

110

Chapter 5 – Spatial and Temporal distribution

Figure 5.2 - Effort tracks and sightings from systematic surveys (left) and non-systematic
surveys (right).

5.3.2 Spatial distribution
The exclusion of the cells with ≤5 km of search effort resulted in the elimination of
288 km of transect line from non-systematic surveys, and of 109 km from systematic
surveys. No sightings were cut off by this truncation.
Although covering all sectors during systematic surveys, effort was not homogeneous
and sectors 2 (Madeira West) and 8 (Porto Santo North) were less covered mainly
due to weather conditions and distance from the port. The most covered areas during
non-systematic surveys were South and southeast of Madeira also, due to the reasons
pointed out before (Figures 5.3 and 5.4).
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Figure 5.3 - Effort distribution in systematic surveys, excluding grid cells with ≤5km of
effort.

Figure 5.4 - Effort distribution in non-systematic surveys, excluding grid cells with ≤5km of
effort.
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Dolphins were encountered in 75 of the grid cells (16%), during systematic surveys
and in 56 grid cells (21%) during non-systematic surveys (Figure 5.5).
With the exception of one grid cell in the Southwest coast of Madeira, cells with
highest encounter rates were found on the East side of Madeira and in Porto Santo.
The Northeast of Madeira presented the cell with the highest encounter rate
(ER=13.5; effort=7km) in non-systematic surveys, followed by a grid cell in sector
Porto Santo North during systematic surveys (ER=7.5; effort=13km)

Figure 5.5 - Encounter rate by grid cells for systematic surveys (top) and non-systematic
surveys (bottom) over the pre-established sectors.
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The encounter rate distribution in relation to physiographic covariates revealed
different values for systematic and non-systematic surveys for all variables, except
for slope where the tendency was similar (Figure 5.6). Higher encounter rates
occurred over bathymetries ranging between 500 and 1 000m during systematic
surveys whereas in non-systematic surveys relative high encounter rates were also
found in depths of 2 000 and 2 500m. Encounter rates related to distance from the
coast was decreasing in systematic surveys while in non-systematic surveys the 510 km bin showed the highest value. Lastly, encounter rate in relation to slope
ranged between 5 and 20° with the highest values appearing in bins 5-10° and 1015°, for both types of surveys.
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Figure 5.6 - Distribution of encounter rate (bars) and search effort (•) in relation to depth,
distance to coast and slope, per type of survey: left- systematic surveys; right - nonsystematic.
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Figure 5.7 - Best fit predictions between the response variable (encounter rate) and three
static variables: depth (top); distance to coast (middle) and slope (bottom). Systematic
surveys are plotted on the left and non-systematic surveys are plotted on the right.
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In general, all the curves presented high r2 values indicating strong relations
between the encounter rate and each covariate (Figure 5.7). Systematic surveys
revealed slightly better fits than non-systematic surveys. Depth and distance to
coast shown identical curves between them for both types of surveys. The slope
curves were identical between the two types of surveys, presenting a similar high r2
value.

5.3.3 Temporal distribution
Effort was distributed throughout the year in both types of surveys. In systematic
surveys April was the most surveyed month and August the month with less effort
made. In non-systematic surveys effort was more concentrated in spring and summer
(May to September), and there was relatively less effort in December (Figure 5.8)

2500

Km surveyed

2000
1500
1000
500
0
Jan Feb Mar Apr May Jun

Jul

Aug Sep Oct Nov Dec

Months

Figure 5.8 - Distribution of effort by month in systematic surveys (grey bars) and nonsystematic surveys (black bars), based on the number of km surveyed.

117

Chapter 5 – Spatial and Temporal distribution

2,5

Encounter rate

2
1,5
1
0,5
0
Jan

Feb Mar Apr May Jun

Jul

Aug Sep

Oct Nov Dec

Months

Figure 5.9 - Encounter rate per month from systematic surveys (grey bars) and nonsystematic surveys (black bars).

In general, encounter rate seems to be higher in spring (May-Jun) and late summer
(Aug-Oct) in systematic surveys. Non-systematic surveys had an overall higher
encounter rate, but in May and June encounter rate was higher in systematic
surveys (Figure 5.9).
Despite the heterogeneous results in encounter rate by moths, the Kruskal-Wallis
ANOVA showed no significant differences in encounter rate between months
(p=0.443) for systematic surveys, nor for non-systematic surveys (p= 0.172).

5.4 - DISCUSSION
5.4.1 Effort and sightings
Using a combination of long-term data collected throughout 11 years during
dedicated surveys (systematic and non-systematic) this study provides new
information on the spatial and temporal occurrence of bottlenose dolphins in
Madeira archipelago. Transects used here during systematic surveys, were designed
in a manner that every point in the study area has the same probability of being
sampled. There are other factors known to affect cetacean detectability in
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conventional line transect sampling (Hammond 2010). The probability of detecting
cetaceans is known to decline as a function of distance from the observation
platform, and so perpendicular distance is used to fit a detection function which is
then used to adjust the estimated encounter rate (Hammond 2010). In this study
those distances were not considered, so encounter rate was not adjusted making it
impossible to infer about the overall density of dolphins in the area. Factors
influencing detectability were also likely to differ between types of survey, thus
affecting the comparison of encounter rates of a given species across seasons or
geographic area (Silva et al. 2014). By analysing data from each survey separately
and restricting effort to Beaufort Sea state ≤3 bias introduced by the factors named
above was reduced within and between surveys.

5.4.2 Spatial distribution
Although sighted in every sector of the study area, with the exception of sector 2
(Madeira West), bottlenose dolphins showed an overall higher encounter rate in the
East side of Madeira Island (especially in the Northeast) and also around Porto
Santo. These areas were also previously considered areas of higher usage by the
dolphins when analysing movement patterns probabilities (see Chapter 3),
supporting the hypothesis that these are important areas for this population of
dolphins. Furthermore, higher encounter rates in non-systematic surveys are
probably due to the fact that effort was more intensely distributed in these areas
(excluding Porto Santo).
The relation of the distribution of dolphins with some physiographic variables
provided some important information. The majority of dolphins was found to be
distributed in depths <1000m (for systematic surveys) and no more than 10 km
offshore (for both surveys) indicating a preference for shallower waters. In Madeira
archipelago, the absence of a continental shelf limits this kind of physiography to
areas closer the coast and to the channel between Madeira and Desertas. This
explains why the majority of sightings were closer to shore, despite the larger
spatial coverage provided by the surveys. Nevertheless, there were sightings over
deep bathymetries (2 000 - 3 000m). These sightings correspond to associations
with short-finned pilot whale (Globicephala macrorhynchus) (see Chapter 3). Alves
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et al. (2013) reported that 1/3 of the sightings of short-finned pilot whale in the
study area were in associations with bottlenose dolphins, and that these whales
were distributed manly over bathymetries of 2000 to 2500m. All the regression
curves revealed strong relations between the encounter rate and the static
covariates. This confirms the non-linearity of the relations. As depth decreases
rapidly with distance to coast it was expected that these two factors revealed the
similar values. In addition the slope results from the regressions were very
consistent indication a strong relation between the presence of dolphins and this
physiographic variable. These findings are in conformity with Silva et al. (2014) in
the neighbouring archipelago of Azores, and in the Hawaiian islands where
bottlenose dolphins were typically found in areas <700m (Baird et al. 2013; Baird et
al. 2009). The strong relationship between distance to shore, depth and slope and
the presence of dolphins indicates that prey must play a fundamental role in dolphin
distribution (Fortuna 2006). While bottlenose dolphins inhabiting inshore and
coastal waters feed mainly on benthic and demersal fish species (Barros & Odell
1990; Cockroft & Ross 1990), dolphins occurring in offshore waters forage on a
wide variety of prey but seem to rely more on epipelagic and mesopelagic schooling
fish and cephalopods (Barros et al. 2000; González et al. 1994; Mead & Potter 1995).
Bottlenose dolphins commonly associate with environmental features known to
increase biological productivity and/or promote prey aggregation (Cañadas et al.
2002; Baumgartner et al. 2001), however a full understanding of the oceanographic
processes influencing the Madeiran waters is still missing (Caldeira & Sangrà 2012).
As mentioned before there is no information on the distribution of potential prey
species of bottlenose dolphins in the study area, and habitat preferences of
bottlenose dolphins in relation to oceanographic variables as well as other
explanatory physiographic variables, that are known to influence biological
productivity (and consequently prey distribution), should be further investigated.
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5.4.3 Temporal distribution
No significant difference was found for any of the surveys in monthly encounter rate
which seems to indicate that bottlenose dolphins use the research area similarly
year-round, without an increase in the number of sightings. This corroborates the
fact that transient dolphins, more present in the area during summer and autumn
months (see Chapter 2), mixed with resident groups. This mixture is most likely to
have mating purposes (see Chapter 2), as suggested by Quérouil et al. (2007) who
referred that these associations might serve as a stimulus for gene flow.
While assessment of seasonality in this study was coarse, as only looking for
complete absence during some seasons or significant differences between months, it
seems to indicate that there is no strong seasonal fluctuation in the presence of
bottlenose dolphins in Madeira archipelago waters.

6.4-Conclusions
Cetacean distribution is likely to be linked with a number of oceanographic features
(Yen et al. 2004; Cañadas et al. 2002; Baumgartner et al. 2001). In this study,
bottlenose dolphins were regularly found in shallow and closer to shore areas,
suggesting the existence of biological processes influenced by bathymetry, as
suggest by Silva (2007) in the archipelago of the Azores. These results advocate the
existence of important areas of habitat for this species based on static bathymetric
features. This should not be looked at as an isolated influence, as cetacean
distribution ought to be affected also by hydrographic processes not dependent
from local bathymetry. For that reason, understanding dolphin-habitat association
patterns in relation with to bathymetric characteristics and oceanographic
processes of their habitat is crucial to investigate possible critical areas for
bottlenose dolphins that might exist in the study area. Despite this, the exposure of
the near shore areas to anthropogenic activities like marine traffic or whalewatching and the results found here, should be seen as a warning sign towards
bottlenose dolphin conservation in Madeira archipelago.
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CHAPTER 6
GENERAL DISCUSSION
Bottlenose dolphins are arguably the best known of all cetaceans (Wells and Scott
2009). Longitudinal studies of individual bottlenose dolphins began in the 1970s
and with the development of photo-identification techniques studies of this species
multiplied in an era of cetacean research (reviewed in Connor et al. 2000), but yet
studies of bottlenose dolphins around oceanic islands are limited (Baird et al.
2009; Silva et al. 2008) even today. This thesis investigated some aspects of the
ecology of bottlenose dolphins occurring in Madeira archipelago, one of the
isolated oceanic archipelagos in the Northeast Atlantic Ocean. These included
population structure, group dynamics, site fidelity, residency, movement patterns,
survival, population size and temporal and spatial distribution with the influence
of habitat physical features on the latter. The present work is based on data
collected over 11 years resulting in a long-term study that hopefully will
contribute to a better understanding of the ecology of the bottlenose dolphin in
Madeira archipelago. Cetaceans living in offshore waters of the North Atlantic are
under increasing pressure from many potential threats, like ship traffic, military
exercises and seismic surveys for oil and gas exploration and for marine research,
making information on biological and ecological parameters urgently needed for
assessing the potential adverse effects of anthropogenic activities and to propose
appropriate mitigation measures (Silva et al. 2014). The general objective of this
work was to contribute to the conservation of the bottlenose dolphin in the
Madeira archipelago through the investigation of aspects of the ecology and habitat
use of the species in this region.
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6.1 - Population Structure
One of the most important attributes of any animal population is its social
structure, which plays a key role in many aspects of its ecology (Whitehead, 2009;
Lusseau et al. 2006). Chapter2 aimed to examine individual photo-identification
data of the bottlenose dolphin population in Madeira archipelago in order to
investigate the type of association indices between pairs of identified individuals,
the patterns of affiliation between individual dolphins and the probabilities of
association between individuals over time.
There is strong evidence that the Madeira bottlenose dolphins’ population is an
open population with regular recruitment of new animals to the area. The
variations in time between many of the re-sightings of identified individuals in the
study area suggested that Madeira archipelago represents part of a larger home
range within the Northeast Atlantic Ocean. This is in agreement with previous
studies that found no genetic structure among the several populations of
bottlenose dolphins within the Northeast Atlantic (Louis et al. 2014; Querouil et al.
2007). When analysing the social structure of the frequent users of the study area,
the dolphins presented a dynamic and fluid social structure, with no clear
architecture or division of groups, except for dyads and triads. Almost none longterm fidelity between individuals was found, indicating that random associations
prevail in this population. The temporal analysis also indicated that this pattern
persists over the time scale. Quantifying the social structure of an animal society is
difficult, because it represents a complex agglomerate of individuals in which
relationships change in time and space (Lusseau et al. 2006). The bottlenose
dolphin population of Madeira archipelago appears to be typical of this species,
exhibiting a highly social and rapidly changing fission-fusion society. In an open
ocean habitat like Madeira this is not unexpected, as there are neither geographic
boundaries nor enclosed environments, such as estuaries, bays and fjords where
stable and long-lasting associations are more likely to occur. This lack of
community structure is challenging for managers due to the difficulty to
distinguish more vulnerable units, if they exist. Consequently, the population of
bottlenose dolphins occurring in Madeira should be considered in future
conservation efforts, as one large community, where individuals associate,
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disassociate and reassociate with each other over short periods of time. Also,
future research on this population should look further into sex-related associations
as they seem to have an important role in this species sociality (Connor et al.
2000).

6.2 - Group dynamics, Site fidelity, Residency and Movement
patterns
Chapter 3, tried to determine group dynamics, to assess the level of residency and
site fidelity, and to investigate movements patterns within and out of the study
area.
Group sizes of bottlenose dolphins in Madeiran waters seem to be skewed towards
small groups although large groups were observed in summer and autumn, likely
due to the presence of pelagic bottlenose dolphins observed during the summer
months. Groups with calves were recorded more often in late summer/early
autumn coinciding with the presence of pelagic offshore dolphins. As bottlenose
dolphin females give birth to a single calve after a 12 month gestation (Wells &
Scott 2009), this suggests that they mix and mate when the transient dolphins visit
the island.
Bottlenose dolphins associated with several species, being the most common the
short-finned pilot whale. All these associations are expected to be related to
feeding as this species is known to feed on a variety of fish and cephalopods and
have a variety of foraging strategies (Connor et al. 2000). These associations are
also thought to be the main reason for the presence of these dolphins in deeper
waters (>2000m; see Chapter 5). By associating with the whales it is likely that
opportunistic feeding on preys that are out of range for the dolphins occurs. Also,
these associations are not permanent, as two individuals captured with the whales
were recaptured later within a group exclusively of dolphins (own observations).
Only a small number of dolphins, of the total identified in the catalogue showed
long-term site fidelity, with a great deal of dissimilar types of occurrence from the
majority of the individuals. Bottlenose dolphins of Madeira archipelago exhibit
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different degrees of site fidelity to the islands indicating various patterns of
occurrence. This seems to be corroborated by the social network diagram and by
the LIR analysis. Both showed strong evidences of different patterns of occurrence
that associate with each other (residents, transients and migrants). This mixture of
different patterns of occurrence was reported also in other bottlenose dolphin
population’s worldwide (Baird et al. 2009, Silva et al. 2008, Connor et al. 2000) and
also in other cetacean’s species in Madeira archipelago (Alves et al. 2013).
Similarly to the findings of Silva (2007) in the Azores, Madeira archipelago seems
to have an open population of bottlenose dolphins with only a small number of
individuals showing residency to the area.
Movement patterns indicate that dolphins move rapidly between sectors being the
north of Madeira and Porto Santo the areas more used by the dolphins and both
correspond to shallower sides of the islands. These findings are in agreement with
the spatial distribution investigated in Chapter 5, in which a strong relation
between the presence of dolphins and shallow waters (<1000m) was found. These
areas might provide a suitable habitat for these dolphins compared to more open
pelagic waters that surround the islands.

6.3 - Population Parameters
In order to understand the structure and dynamics of a wild population it is
essential to have knowledge about the population size and vital rates, such as
survival (Seber 1982). The aim of the analysis in Chapter 4 was to estimate
apparent survival and the seasonal abundance of the bottlenose dolphin
population in Madeira archipelago, for the first time. This was made taking into
account heterogeneity of capture probabilities by applying distinctive approaches
on capture-recapture records of naturally marked individuals.
A key issue in capture-recapture analyses is the fulfilment of the main
assumptions, as violation of these assumptions may cause severe bias in parameter
estimates (Seber 1982). Perhaps the most difficult assumption to assure in this
study was equal capture probability. As seen in the previous chapters the
population of bottlenose dolphins of Madeira exhibits a variety of ranging and
occurrence patterns, which may affect their sighting probability, as they were not
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always available for sampling in the study area. Also, by reducing the area to the
south of Madeira, because the restrictions imposed by the utilization of the
opportunistic data, this potential violation was aggravated due to possible
individual preferences for certain areas. Despite this, the apparent survival results
are within the expected for a long-lived mammal (0.95). Unfortunately, it was not
an accurate estimation, and this can indicate that there were problems with the
data that were not completely eliminated. Nonetheless, there is no obvious reason
for considering that survival rates of this population are lower than the ones found
here.
This study estimated through the Arnason-Schwarz model that 183 resident
dolphins (95% CI= 155 to 218) used the south of Madeira Island during the study
period.. The differences in seasonal abundance from resident dolphins and the
total number of dolphins, given by the Chapman estimator, indicate that there is an
influx of transients and seasonal residents during spring until autumn. The low
number of resident dolphins during this period suggests that either they move out
of the area or, as they are mixed with the transient dolphins, their capture
probability decreases. The existence of a population of resident dolphins and a
super-population is, perhaps one of the main contributions of this study, as this
would imply that bottlenose dolphins not only visit this area, but also use it for
their daily activities. This also indicates that Madeira archipelago is an area of
importance for this species.
Studies for estimating population size using data from photo-identification studies
of cetaceans that initially began without this objective are particularly prone to
violation of assumptions, and even tough analysis can help to minimize those
problems (Hammond 2010), a well-designed study should be considered for future
estimations of demographic parameters.

6.4 Spatial and temporal distribution
The first step to understand the relationship between populations and their habitat
is to determine which habitats they use more frequently (Cañadas et al. 2005). In
Chapter 5, bottlenose dolphin sighting and survey effort data were used to
investigate temporal occurrence and spatial distribution of bottlenose dolphin
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around Madeira, Desertas and Porto Santo islands. Using a combination of long-term
data collected throughout 11 years during dedicated surveys (systematic and nonsystematic) this study provides new information on the spatial and temporal
occurrence of bottlenose dolphins in Madeira archipelago.
Bottlenose dolphins showed an overall higher encounter rate in the East side of
Madeira Island (especially in the Northeast) and also around Porto Santo. The
relation of the distribution of the dolphins with depth and distance to coast
provided some important information, with most dolphins being distributed in
depths <1000m and no more than 10 km offshore indicating a preference for
shallow waters. The results of the present study reflect the year-round occurrence
of bottlenose dolphins in Madeira archipelago waters, indicating that there is no
strong seasonal fluctuation in the presence of the species in the region.
This chapter presents important results that strongly support the existence of
important areas of habitat for this species that should be taken into account in
future conservation plans in the region.

6.5 Implications for conservation of bottlenose dolphins in
Madeira archipelago
With a widespread distribution and high public profile, bottlenose dolphins is one
of the most well suited cetacean to play a role as an environmental flagship
(Connor et al. 2000). However, their proximity to humans exposes them to
numerous threats like pollution, boat traffic, interaction with fisheries, habitat loss
and tourism (Mann et al. 1995; Wells & Scott 2009).
The data presented here represent the first long-term study of bottlenose dolphins
in the waters of Madeira archipelago and illustrate the importance of the region for
bottlenose dolphins that occur in the Northeast Atlantic. This study has made an
important contribution to the future conservation of this species in the region. All
the resulting information from the different chapters provided a scientific basis for
the definition and implementation of protected areas, and to assess mitigation
measures for potential impacting activities like whale-watching.
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As mentioned in Chapter 1, bottlenose dolphins are listed under the Annex II of the
EU Habitats Directive, which requires the designation of Special Areas of
Conservation (SACs). Chapter 5, discussed that no MPAs targeting cetaceans, exist
in Madeira archipelago, however the Madeira Whale Museum has an ongoing
proposal of a Site of Community Importance (pSCI) for bottlenose dolphins, to be
delivered to the Regional Government of Madeira as a result of the LIFE+ project
CETACEOSMADEIRA II (see Declarations). In protecting a specific population, the
optimal protected area would cover that population’s year-round distribution
(Reeves, 2000). As pointed out in Chapter 3, movements of bottlenose dolphins in
Madeira archipelago extend from Madeira to Porto Santo and any designated area
should have, at least the same coverage. For example, the SAC boundaries in the
Moray Firth (Scotland) were later considered insufficient due to the range
expansion of the resident dolphin population (Wilson et al. 2004). The important
lessons from other previously established protected areas, should be considered
for this proposed SIC, and a wider area that extends, at least, from the East of
Madeira to Porto Santo should be included.
After the long and difficult process of implementing an SAC, comes also the
complicated procedure of developing management plans. For this, I recommend
that the research presented here should be extended in the future. It would be
especially useful to investigate any trend of the population size, any major threats
that could possibly arise and a possible displacement of the areas of distribution
presented here. A permanent monitoring plan (Freitas & Alves 2004), targeting the
conservation of cetaceans in the study area, was delivered to the Madeira Regional
Government, as a result from the previous LIFE project CETACEOSMADEIRA (see
Declarations). Like other cetaceans, bottlenose dolphins have long life spans and
low reproductive rates (Wells 1991), and extensive periods of monitoring may be
required to detect a trend in any demographic parameter (Wilson et al. 1999).
Maintaining long-term research effort in these designated areas is valuable
(Cheney et al. 2013), but yet substantial resources are required to maintain this
long-term studies, and monitoring plans of this kind are only expected to be
sustainable if they are integrated into wider research projects, education
programmes or ecotourism operations.
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The conservation status of bottlenose dolphins for Madeira is given as 'Least
Concern' (Cabral et al. 2005). The estimated population size and the high survival
rates reported in Chapter 4 seem to give no reasons for concern about the status of
this population. However, because these are primary estimates and relate only to a
small number of years, care should be taken when looking into these values.
Additionally, without previous information about demographic parameters of this
population, there is no way of knowing if the population is increasing, declining or
stable. At the present time, the main threat for this species in Madeira archipelago
seems to be the growing whale-watching industry (Vera 2012; Ferreira 2008; Dinis
et al. 2006). Apart from the whale-watching activity, the absence of any other
major threats to this species in the waters of Madeira archipelago and the high
genetic diversity displayed (Querouil et al. 2007), leads to think that the viability of
this population at present is of no concern.

6.6 Directions of Future work
The present study provides a broad foundation for future studies on the ecology of
bottlenose dolphins in Madeira archipelago; following these results there are some
aspects that researchers and managers should take into consideration. Future
studies on sex specific data may provide additional insights into the social
interactions, occurrence of mixed sex groups and the relatedness of this
population. Further dedicated photo-identification effort is required in order to
evaluate any trend in the abundance of this population, specially the resident
number of animals. Additionally, comparison with catalogues of the neighbouring
archipelagos of Azores and the Canary Islands could provide a better picture of the
full extent of the movements and home range for this population.
Research on spatial and temporal patterns of prey species in the study area and
relations with other variables, namely environmental may provide further insight
into causal factors in bottlenose dolphin distribution and habitat use within this
region. Moreover, inter-specific relationships should be investigated, especially
with the short-finned pilot whales, to better understand the reasons for this
association. Individual identification of the animals will allow investigating if there
are animals that associate more preferentially than others.
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Finally, monitoring the fast growing whale-watching industry is crucial in order to
assess any potential threat deriving from this activity on this population.
Cetaceans have a huge educational, scientific and economic value (Augustowsky &
Palazzo 2003; Agardy 1997; Hoyt 1992). Among other cetacean species, bottlenose
dolphins may provide the key to protecting ocean habitats and to the
establishment of large marine areas under conservation management.
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