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Delfini 

Una foto-poema 

due figure parallele, 

più piccola l’una dell’altra. 

Nel profondo del mare - 

che assomiglia a un cielo 

nel giorno migliore del mondo - 

quasi a sembrare in volo, 

un delfino e il suo nato. 

Il loro verso attraversa 

la mente. Linguaggio  

misterioso e canto di luce. 

Prodigio d’amore e sapienza, 

che seduce ogni dio e 

ostacola forze predatrici 

nel paradiso di acque  

e di paure. 

 

Di chi siete la voce? 

Quale divinità celate? 

Dai tempi più antichi 

simboli di ogni bene. 

Dal mito celebrati.  

Apollo diede, a Delfi, 

il vostro nome… 

Ogni arte vi onora. 

Protettori degli uomini in mare; 

dei fanciulli  gioiosa guida  

e salvazione. 

Leggenda vuole che 

- con affezione - 

siate voi a condurre  

gli umani  

nel viaggio supremo, 

perché l’ultimo luogo 

giace - forse - 

proprio al di là del mare 

Dolphins (translation) 

A picture as a poem 

two parallel figures, 

one smaller than the other. 

In the depth of the sea - 

that seems the sky 

in the best day of the world -  

as if they were flying, 

a dolphin and its newborn. 

Their voices cross 

the mind. Mysterious language 

and light song. 

Wonder of love and wisdom, 

that seduces every God and 

impedes marauder forces 

in the paradise of waters 

and fears. 

 

Whose are you the voice? 

Which deity do you hide?  

From the most ancient times 

you are the symbol of every good. 

Celebrated by the myth. 

Apollo gave, to Delphi, 

your name… 

Every art honours you. 

You are the guardians of humans at the 

sea; 

you are the joyful guide of children 

and their salvation too. 

A legend tells that 

- with affection  - 

you lead humans 

in their last journey, 

because the ultimate place 

lies - perhaps - 

right to the other side of the sea 

 

        Poem by Ornella Ferrerio (26th of April 2012, Milan, Italy)
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Abstract 

Knowledge about cetaceans in the Red Sea is limited with only a handful of sporadic or 

spatially-limited studies carried out to date. Funded by the Italian Cooperation through 

a Debt-for-Nature Swap programme and carried out in collaboration with the Egyptian 

NGO HEPCA, this thesis presents the results from the first ever systematic vessel-based 

surveys conducted in the southern Egyptian Red Sea from 2010 to 2013 using line-

transect methodology. The main aims of the thesis were (a) to estimate cetacean 

abundance, (b) to determine distribution patterns and habitat use of the cetacean 

species, (c) to investigate movement patterns for species for which individual 

recognition techniques were suitable and (d) to identify areas of conservation concern 

for cetaceans with a particular focus on existing protected areas. Eight species were 

identified, of which five were commonly encountered (Stenella longirostris, S. 

attenuata, Tursiops truncatus, T. aduncus, and Grampus griseus) and three were rare 

(Pseudorca crassidens, Sousa plumbea, Balaenoptera edeni). Estimates of abundance 

using design-based line transect sampling techniques were obtained for five species: S. 

attenuata 10,268 (CV=0.26); S. longirostris 6,961 (CV=0.26); T. aduncus 659 (CV=0.69); 

T. truncatus 509 (CV=0.33), and G. griseus 367 (CV=0.37). Habitat modelling revealed 

that the two Stenella species were widely distributed across the study area. In 

contrast, T. truncatus was concentrated in waters around Ras Banas peninsula (in 

particular Satayah offshore reef), and T. aduncus was mainly found along the coast 

with possibly separate sub-populations in the northern and southern study area. G. 

griseus was only encountered in the southern part. The information provided in this 

study will allow the development of a conservation strategy for the protected areas 

and will serve as baseline information to carry out future survey work in the Red Sea. 
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Chapter 1 General introduction 

1.1 The importance of studying cetaceans  

Cetaceans’ intrinsic charisma has always fascinated humankind during the centuries 

(Slijper & Pomerans, 1962; Orams, 1997). From the Stone Age (the first cetacean was 

likely depicted in Northern Norway in about 2200 B.C.) to the Ancient Greeks and 

Romans (whale and dolphin decorations were common on vases, coins and buildings), 

cetaceans became part of popular imagery not just as a source of food or because their 

bones were used as utensils but also as legendary creatures often represented 

rescuing humans and sailors from drowning (i.e. the Greek legend of Arion safely 

carried ashore by dolphins or the little boy also saved by dolphins recalled by Pliny the 

Younger in one of his letter) (Slijper & Pomerans, 1962). The interest for these animals 

continued in the following centuries although mainly connected with whaling activities 

and culminated in the production of one of the most famous novels worldwide: Moby-

Dick or the Whale, by Melville (1851). In the second half of the twentieth century with 

a renewed interest in environmental awareness, cetacean conservation (as well as the 

conservation of other charismatic animals such as pandas and tigers) became a 

worldwide topic involving public, media, NGOs and governments. The strong public 

empathy for dolphins and whales resulted in several new national laws and 

international agreements (such as the Marine Mammal Protection Act in US in 1972 or 

the Agreement on the Conservation of Cetaceans in the Black Sea, Mediterranean Sea 

and contiguous Atlantic – ACCOBAMS – in 2001) that conferred protection on a large 

number of other co-occurring species and their habitats, making cetaceans one of the 

best umbrella species for conservation in the marine environment (Roberge & 

Angelstam, 2004; Bearzi, 2012). 
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Furthermore, many authors consider cetaceans as key components of the marine 

ecosystem (Ballance et al., 2006), because of their important role as apex consumers 

(in particular odontocetes) in all oceans of the world (Estes et al., 2011) and, due to the 

effects that they may exert in structuring marine ecosystems, as indicator species for 

ocean health (Katona & Whitehead, 1988; Merrick, 1997; Wells et al., 2004).  

 

Despite the fact that over the last few decades human attitudes have changed from 

exploitation to conservation (Reeves, 2009), cetaceans are still directly and indirectly 

affected by numerous human activities (Hofman, 1995), including incidental 

entanglement in fishing gear (Reeves et al., 2005; Read et al., 2006), prey depletion 

(Bearzi et al., 2005), coastal developments (Jefferson et al., 2009), offshore drilling 

(Gilles et al., 2009), marine debris and chemical pollutants (De Guise et al., 1995; 

Williams et al., 2011), military sonar and seismic exploration (Barlow & Gisiner, 2006), 

tourism (Senigaglia et al., 2012), vessel collisions (Carrillo & Ritter, 2010), and climate 

changes (Moore, 2009). 

 

Marine mammals, and cetaceans in particular, are long lived with slow sexual 

maturation, low reproductive rates and, for some species, intense nursing for 

offspring. These life history characteristics reduce the ability  of cetacean populations 

to recover from overexploitation or other persistent anthropogenic mortality (Merrick 

et al., 2009). For example, the North Atlantic right whale (Eubalaena glacialis) was 

drastically reduced by whaling in the 17th century but has been protected from 

commercial whaling since the mid-1930s. However, the number of E. glacialis does not 

seem to have recovered significantly mainly due to the high rate of mortality caused by 

ship strikes (Nowacek et al., 2004). On the other hand, other species have recovered. 

The eastern Pacific gray whale (Eschrichtius robustus) that was hunted almost to 

extinction by commercial whalers in the mid-19th century has now recovered whilst 

sustaining continuing indigenous subsistence catches (Buckland & Breiwick, 2002). 

Humpback whales (Megaptera novaeangliae) also recovered from heavy exploitation 
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by the whaling industry that is thought to have killed 90% of the animals in some 

populations (Stevick et al., 2003).  

 

The most essential information preceding any conservation action is an understanding 

of how many animals are present and how they are distributed in space and time (Croll 

et al., 1998; Kaschner et al., 2012). Estimates of dolphin abundance are needed to 

assess the status of populations (Wade et al., 2002) or to set annual bycatch limits 

(Hedley, 2001).  

 

Scientific research plays an important role in providing evidence-based guidance to 

managers and policy-makers during the development of strategies for the 

conservation of wild populations (Gese, 2001). This is particularly important in 

developing countries where the combination of rapid human population growth along 

the coast, intensification of human activities, dependence on marine resources, lack of 

resource management and environmental awareness often lead to substantial 

depletion of marine resources (Leonard & Morell, 1981; Aragonés et al., 1997).  

 

In the past 30 years along the coasts of the Red Sea, increased pressure on the 

environment from unplanned coastal development (with extensive dredging and filling 

operations), from the unsustainable use of living marine resources, from the presence 

of a large oil industry, from the disposal of domestic and industrial effluent, and from 

the non–sustainable use of freshwater resources have had important impacts on 

marine resources such as destruction of habitats (coral reefs, mangroves, seagrass 

beds), depletion of corals, fish and molluscs illegally collected for the souvenir trade, 

disturbance to wildlife and habitats by tourists, overfishing, illegal shark fisheries for 

the East Asian shark fin market, turtle exploitation and egg collection, incidental 

capture of marine mammals in fishing nets, increase of chemical pollution from 

industries, mines, oil spill and oil discharge from ships (PERSGA, 1998). However, the 

lack of knowledge about abundance and distribution of the local fauna, including 
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cetaceans, has hampered any effort to develop a strategy for conservation and 

management (PERSGA, 2004). 

 

 

1.2 Project background 

The work presented in this thesis focuses on cetaceans in the southern Egyptian Red 

Sea, with the aim to improve knowledge about their biology and ecology and provide a 

scientific basis for appropriate conservation strategies. This research was part of a 

large project named “Sustainable Development in the Southern Egyptian Red Sea” 

conceived by Dr Notarbartolo di Sciara, developed by the Italian Cooperation in Egypt 

and the Egyptian Hurghada Environmental Protection and Conservation Association 

(HEPCA). HEPCA is a leading non-governmental organization (NGO) working on marine 

and land conservation in Egypt. It was founded in 1992 by 12 members of the diving 

community in Hurghada (Figure 1.1) to raise public awareness of the Red Sea marine 

ecosystem. NGO activities include development of mooring systems that preserve 

coral reefs, solid waste management, awareness and advocacy campaigning, social and 

economic community development and scientific research and monitoring 

(www.hepca.org). This project was mainly funded through a Debt-for-Nature Swap 

programme. The Debt-for-Nature Swap is a financial transaction conceived by the 

World Wildlife Fund (WWF) in 1984 as a way of dealing with the debt problems of 

developing nations and the consequent problems of environmental damage 

(Wikipedia contributors, 14 May, 2014). In a Debt-for-Nature Swap programme, a local 

NGO purchases part of the foreign debt from the original creditor at a substantial 

discount and resells it to the debtor country government. The money generated is re-

invested in environmental and conservation projects previously agreed with the 

debtor country (IMF, 2003).   

 

During this project the Italian research team was formed by myself and by Amina 

Cesario and Maddalena Fumagalli. Amina is a PhD student at the Hong Kong University 
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with a thesis focusing on abundance and social structure of  S. longirostris inhabiting 

the Samadai reef, while  Maddalena is a PhD student at the University of Otago with a 

thesis about interactions between S. longirostris and humans in resting areas (see 

paragraph 2.3.2). 
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Figure 1.1 - Map of the Red Sea showing the location of the study area (grey shaded area). The Suez 

Canal in the north connects the Red Sea with the Mediterranean Sea; the Bal-el-Mandeb Strait connects 

the Red Sea with the Indian Ocean through the Gulf of Aden. Black spots indicate city/village locations.   
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The aim of the project was to support the social and economic development of the 

southern Egyptian Red Sea coast through long-term conservation management and 

the promotion of sustainable use involving the local communities. One of the 

objectives was to provide a description of the local cetacean fauna including 

distribution patterns, abundance and habitat preference of cetacean species and their 

exposure to potential anthropogenic threats.  

 

The study area in southern Egypt (shaded area in Figure 1.1) was selected because it is 

still in relative pristine conditions in comparison with northern areas (such as Sharm El 

Sheikh and Hurghada), where the tourism boom began in the 1980s and resulted in 

uncontrolled property developments along the coast, contributing to substantial 

damage to the coral reefs, the most important among the country’s natural resources 

(UNEP-PERSGA, 1997; Cesar, 2003; Kotb et al., 2004; Hilmi et al., 2012). The Egyptian 

coast south of Marsa Alam city (25°5’N, 34°53’ E) did not suffer similar destructive 

developments, mainly due to the establishment of two terrestrial and marine 

protected areas: Gebel Elba established in 1986, and Wadi El Gemal-Hamata 

established in 2003 (EEAA, August, 2014) (Figure 2.1).  

 

Despite the protected area declarations, ecological research has been lacking including 

monitoring the diversity and distribution of cetaceans in the area. Lack of financial 

resources has limited the local authority’s (Egyptian Environmental Affairs Agency - 

EEAA) effectiveness to monitor human activities in the parks including illegal fishing, 

collection of protected species, use of illegal methods for anchoring, physically 

damaging the coral and harassment of the dolphins, turtles and dugongs by tourists. 

The lack of information about the status of cetaceans as well as other charismatic 

megafauna has prevented the development of a coherent conservation strategy and 

the detection of possible threats caused by human activities reducing the current 

protected areas to another example of “conservation on paper” (Bearzi, 2007).  
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The Red Sea has some of the most extreme marine conditions found in the tropics 

(Sheppard et al., 1992). This is mainly because of its isolation, arid climate, continuous 

insolation, and great seasonal fluctuation of air and water temperatures (see section 

1.5). On the other hand, these few, simple and predictable variables make the basin 

the perfect laboratory, in which models to predict population status in the future can 

be generated and studied (Sheppard et al., 1992). 

 

 

1.3 The importance of the Red Sea 

Throughout human history the Red Sea has been one of the most strategic junctions of 

world trading and has attracted local and colonial civilizations competing for the 

control of its trading routes (Bradbury, 1988). The earliest known exploration of Red 

the Red Sea dates back thousands of years when, around 2500 BC, the ancient 

Egyptians attempted to establish a commercial route to Punt, a mythical city thought 

to be located somewhere between the Arabian Peninsula and the Horn of Africa; soon 

after, the Red Sea became one of the main naval routes for commercial trade between 

the Mediterranean empires and the civilizations of the East (Bradbury, 1988; Sherratt 

& Sherratt, 1993; Searight, 2003). With the opening of the Suez Canal in 1869, the 

route through the Red Sea became one of the most (if not the most) important trading 

routes in the world (Edwards & Head, 1987) and today about 8% of global maritime 

trade passes through the 192 km waterway (Suez Canal Authority, 2009). 

 

Scientific exploration of the Red Sea began with Peter Forskål in 1762-63 during the 

“Age of Enlightenment”, when technical innovations in the maritime sector, such as 

the theodolite, compass, and telescope, as well as improvements in shipbuilding 

techniques, allowed safer and more efficient navigation (Wikipedia contributors, 6 

July, 2014; Edwards & Head, 1987). The first records of cetaceans in the Red Sea were 

made in the 1820s by Ehrenberg (Hemprich & Ehrenberg, 1832) and Rüppell (Rüppell, 

1842 [1845]), who travelled extensively in the region. A dolphin skull retrieved in 1825 
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by Ehrenberg from Belhosse island (today known as Bullissar) (Dahlak Archipelago, 

Eritrea) is the holotype for the species Tursiops aduncus, although it was inially named 

as Delphinus aduncus (Perrin et al., 2007). Research expeditions continued throughout 

the 19th century and in the first part of the 20th century until the Second World War 

(WWII) (Scheer & Pillai, 1983). After WWII, with the departure of the British, French 

and Soviet administrations from many parts of the Middle East and the establishment 

of the State of Israel (1948), a period of political and social instability began, which 

continues to this day. The multitude of local conflicts that followed did not interfere 

substantially with scientific research (Scheer & Pillai, 1983), which mainly focused on 

the coastal habitats and the deep parts of the Red Sea (Sheppard et al., 1992; 

Fishelson, 2009).  

 

Nowadays, the ecology of many taxa including fish, corals and other benthic 

communities is well known (Ormond et al., 1984b, a; Edwards & Head, 1987; Fishelson, 

2009), and substantial surveys have been carried out to monitor the presence of sea 

turtles (Frazier & Salas, 1984; Al-Merghani et al., 2000; Miller, 2004) and dugongs 

(Preen, 1989). Surprisingly, cetaceans were almost completely ignored by researchers 

although  lack of encounters does not seem a valid reason for this lack of knowledge 

(Edwards & Head, 1987; Sheppard et al., 1992). Dolphins were clearly filmed in the 

famous documentaries “Under the Red Sea” by H. Hass (1951) and “The Silent World” 

by J. Cousteau (1956) but information from these expeditions on the number of 

species and their occurrence in the basin was not made publically available. A possible 

explanation for the lack of taxonomic information could be that marine specimens 

were selected mainly for collection and preservation. Cetaceans are not easily 

collected and preserved, and stranding records of cetaceans are not frequent for the 

Red Sea (Leatherwood, 1986; Notarbartolo di Sciara et al., in preparation-b) because 

coastal areas are largely inaccessible and where the numerous fringing reefs are likely 

to block large floating “objects” from being washed ashore. Furthermore, the 

prevailing winds rarely blow towards the coast, instead any material at the surface is 

pushed further along the main axis of the basin (Sheppard et al., 1992). 
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Surveys dedicated to the study of cetaceans began only in the late 1980s, and have 

been limited to a few sites along the Egyptian and Israeli coasts (Beadon, 1991; 

Feingold, 2007; Notarbartolo di Sciara, 2009; Costa et al., in preparation), to a few that 

crossed the basin longitudinally (Alling, 1986; Weitkowitz, 1992; Eyre, 1995; Eyre & 

Frizell, 2012), and to a very few focussed on the southern Red Sea (Smeenk et al., 

1996; Gladstone & Fisher, 2000). As a result, knowledge of dolphins and whales in the 

Red Sea remains patchy and poor, in particular in the southern part (IWC, 1998; De 

Boer et al., 2002). 

 

 

1.4 Cetaceans in the Red Sea 

Contrary to suggestions from Sheppard et al. (1992), cetaceans are present in the Red 

Sea, although there is much uncertainty about which and how many species are 

present. Depending on the source, 10 (IWC, 1998; De Boer et al., 2002) 14 (PERSGA, 

2004; IUCN, July - 2014), 15 (Baldwin, 2003) up to 17/18 (Notarbartolo di Sciara et al., 

2007) species are reported in the Red Sea waters.  

 

A recent review suggests that 13 species might inhabit the Red Sea and that nine 

species are regularly encountered although not everywhere in the basin (Notarbartolo 

di Sciara et al., in preparation-b): Stenella attenuata, S. longirostris, Tursiops aduncus, 

T. truncatus, Ggrampus griseus, Pseudorca crassidens, Sousa plumbea, Balaenoptera 

edeni and Delphinus capensis crf. tropicalis (only in the southern Red Sea – Smeenk et 

al., 1996). Four species are believed to enter the basin only occasionally: S. 

coeruleoalba, Orcinus orca, and G. macrorhynchus seen in the south and M. 

novaengliae reported across the entire basin. There is insufficient credible evidence to 

support previous claims that a further five species are also present: Physeter 

macrocephalus, B. acutorostrata, Feresa attenuata, Peponocephala electra, Steno 

bredanensis (Notarbartolo di Sciara et al., in preparation-b). 
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In this thesis, five species are considered the “target” species in investigations of 

abundance and distribution: 

• Stenella longirostris (Gray, 1828) – Spinner dolphin 

• Stenella attenuata (Gray, 1846) – Pantropical spotted dolphin 

• Tursiops truncatus (Montagu, 1821) – Common bottlenose dolphin 

• Tursiops aduncus (Ehrenberg, 1833) – Indo-Pacific bottlenose dolphin 

• Grampus griseus (G. Cuvier, 1812) – Risso’s dolphin 

 

Four species were not expected to be encountered often in this study:  

• Pseudorca crassidens (Owen, 1846) – False killer whale 

• Sousa plumbea (G. Cuvier, 1829) – Indian humpback dolphin 

• Balaenoptera edeni  Anderson, 1879 – Bryde’s whale 

• Megaptera novaeangliae (Borowski, 1781) – Humpback whale 

 

1.4.1 Species worldwide distribution 

S. longirostris occurs in all the categories of habitats, from coastal to pelagic zones. 

Four subspecies are known: S. longirostris orientalis (Perrin, 1990) inhabiting the 

offshore waters of the eastern tropical Pacific (ETP); S. l. centroamericana (Perrin, 

1990), inhabiting the coastal waters of Central America; S. l. roseiventris (Wagner, 

1846), inhabiting the inner Southeast Asia; and S. l. longirostris (Gray, 1828), in all 

other waters that include the Red Sea. A fifth form of S. longirostris also found in the 

ETP is considered a hybrid between S. l. longirostris and S. l. orientalis and is listed as 

"white-belly spinner dolphin". S. longirostris is generally known to feed at night on 

mesopelagic squid and fish following the rising of the deep scattering layer toward the 

ocean surface (Perrin & Gilpatrick Jr, 1994; Benoit-Bird & Au, 2003; Benoit-Bird, 2004; 

Benoit-Bird & Au, 2009). Some populations are known to use inshore habitat (lagoons 

in reefs or islands) to rest and socialize during daylight hours (Norris & Dohl, 1980; 



Chapter 1 – General Introduction 

 

13 

Norris et al., 1994; Karczmarski et al., 2005; Silva Jr et al., 2005; Gannier & Petiau, 

2006; Notarbartolo di Sciara et al., 2009).  

 

Two subspecies of S. attenuata have been described: S. a. attenuata with a pantropical 

distribution and S. a. graffmani which inhabits the coastal waters of the ETP. S. 

attenuata seem to form only pelagic wide-ranging communities in the Atlantic, Pacific 

and Indian oceans (Perrin, 2002). In the ETP, this species (or more likely its prey) seems 

to favour habitat characterised by sharp thermoclines at depths of less than 50 m, 

surface temperatures of greater than 25 °C and salinities of less than 34 parts per 

thousand (Perrin, 2002). In the Red Sea, S. attenuata was reported to be the most 

common species in the Gulf of Aqaba (Figure 1.1) with groups of 300 individuals or 

more (Beadon, 1991). The species was not reported in the waters around the Farasan 

Islands (Gladstone & Fisher, 2000) although its presence was reported in the southern 

part of the basin in the channel between the Farasan and the Dahlak Island (Smeenk et 

al., 1996).  

 

T. truncatus is the best known species of all cetaceans, having a cosmopolitan 

distribution and being the most versatile and adaptable species among cetaceans 

(Leatherwood & Reeves, 1990; Wells & Scott, 2002). The species is found in temperate 

and tropical marine waters around the world, with an estimated 600,000 animals 

world-wide (Wells & Scott, 2002). There are many studies of long-term resident 

inshore populations or communities living in a relative restricted area all year around, 

for example: on the west coast of Florida (Wells, 2014), off Texas (Irwin & Wursig, 

2004), in the Moray Firth, Scotland (Wilson et al., 1997), in Doubtful Sound, New 

Zealand (Lusseau et al., 2003), and in Amvrakikos Gulf, Greece (Bearzi et al., 2008a).  

These populations live in rather small groups and travel little, probably due to the 

protected nature of their resident area and to the presence of predictable food 

resources year-round. However food resources are not so abundant to support large 

schools of dolphins and some individuals are pushed to travel more widely, in 

particular young and adult male. Nevertheless these communities cannot be 
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considered completely isolated or closed and some individuals move to adjacent 

habitats while more wide-ranging individuals are often observed joining the resident 

one (Gowans et al., 2007).  

 

A different ecotype is found in coastal waters, around barrier islands and in the open 

sea, although studies on these dolphins are rare mainly due to logistical difficulties 

(and large costs) in following these animals offshore and in wide areas (Gowans et al., 

2007). Photo-identification data carried out on T. truncatus off California show very 

low resighting rate of known individuals providing little evidence for long-term site 

fidelity (Defran & Weller, 1999; Defran et al., 1999; Bearzi, 2003). Furthermore low 

resightings rates indicate that the individuals known are only a small part of a bigger 

population of unknown size. The well-studied population in Little Bahama Bank 

(Bahamas) is a particular case: dolphins display indeed a typical pattern seen for 

inshore communities (small and resident groups), despite their offshore habitat 

(Rossbach & Herzing, 1999; Rogers et al., 2004). More studies on open/coastal 

populations are needed to better understand ranging pattern and habitat use of this 

cosmopolitan species. In general coastal/offshore dolphins tend to form larger open 

communities compared to “inshore” ecotype and seem to have a wider-ranging 

pattern with fewer long-term associations between individuals (Gowans et al., 2007).  

 

Tursiops aduncus has a relatively wide distribution along the coastal waters of the 

Indian Ocean and western Pacific Ocean, including inshore waters around oceanic 

islands (Wang & Yang, 2009). In some coastal areas such as the southeast coast of 

South Africa (Ross, 1977, 1984), Persian Gulf (Preen, 2004), and Australia (Connor et 

al., 2000; Hale et al., 2000) T. aduncus is the most commonly recorded cetacean 

species but this is probably because the majority of research is concentrated near-

shore. There are some well-studied populations, such as in Shark Bay, Western 

Australia (Connor et al., 2000; Heithaus, 2001), Moreton Bay, eastern Australia 

(Chilvers & Corkeron, 2003; Chilvers et al., 2005; Ansmann et al., 2013) and in Japan 

(Shirakihara et al., 2002). These populations show a resident-ranging pattern (with 
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most of the dolphins being year-round residents) and tend to form groups 

characterized by a fission-fusion society. Population size has been estimated at around 

200 in Japan (Shirakihara et al., 2002) and 550 in Moreton Bay (Ansmann et al., 2013)  

where, however, two sympatric communities are present, which show overlap in 

distribution but also social segregation, in part because of different foraging strategies 

correlated to trawling activities (Chilvers & Corkeron, 2001; Chilvers et al., 2005).  

 

This species is known to form mixed groups with T. truncatus and other coastal 

delphinids species (such as S. longirostris and Sousa chinensis) (Wang & Yang, 2009). 

Preferred habitats near to shore include those with rocky and coral reef bottoms, 

and/or sea grass beds, in particular inside bays, lagoons and estuaries (Wang & Yang, 

2009). These areas are where human activities are more concentrated; thus coastal 

dolphins are particularly likely to be affected by human activities, including dolphin 

watching operations (Englund & Berggren, 2002). In general, information about 

abundance, distribution and ecology of this species needs to be improved, particularly 

because the long-standing taxonomic uncertainties within the genus Tursiops means 

that early studies often made no distinction between T. aduncus and T. truncatus 

(Wang & Yang, 2009). 

 

Grampus griseus has a worldwide distribution in temperate and tropical oceans, 

inhabiting the continental shelf and slope waters to oceanic depths (Jefferson et al., 

2013) Little is known about the abundance of populations or about population 

structure of this species (Jefferson et al., 2013), however, genetic analyses indicate 

diversity between some populations (Gaspari et al., 2006). Available data suggest the 

diet is dominated by cephalopods (Würtz et al., 1992; Cockcroft et al., 1993). Risso’s 

dolphins tend to occur in groups of 10–50 individuals but aggregations containing over 

4000 individuals have been observed (Baird, 2009).  
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1.5 Red Sea: geography, climate and biogeography 

The Red Sea is a narrow, long and semi-enclosed basin that extends over a distance of 

approximately 1,930 km from North (30°N) to South (12°30’N), and averages 280 km in 

width separating northeast Africa from the Arabian Peninsula (Figure 1.1). Its widest 

spot, south of Massawa (Eritrea), measures 354 km while the narrowest measures 29 

km and is located at the strait of Bab-el-Mandeb (12°34’N, 43°20’E) connecting the Red 

Sea to the Indian Ocean throughout the Gulf of Aden (Morcos, 1970). At the northern 

end, the Red Sea extends into the Gulf of Aqaba and the Gulf of Suez. The latter is 

connected to the Mediterranean Sea via the artificial Suez Canal (Figure 1.1). The total 

surface area of the Red Sea has been estimated as 480,385 km2, which accounts for 

about 0.13% of the world’s ocean area (Sea Around Us Project, July 2014) while the 

volume has been estimated at between 215,000 and 251,000 km3 (Morcos, 1970). The 

maximum depth recorded is 2,850 m in the central part of basin while the average 

depth is 491 m (Morcos, 1970).  

 

The Red Sea is considered by geologists as a young expanding ocean due to the 

presence of an oceanic ridge valley in its southern and central parts that has been 

separating Arabia from Africa for about 70 million years (hereafter Ma), although not 

continuously. The speed of expansion is about 2 cm per year and began about 5 million 

of years ago (Sheppard et al., 1992). The Red Sea originated by crustal sagging in the 

Mesozoic era (about 180 Ma ago) and became established as a distinct trough in the 

Oligocene (about 38 Ma ago). During this period the region was periodically covered by 

sea although was quite often dry land. In the latter Miocene period (from 2 to 5 Ma 

ago) the Red Sea became separate from the Indian Ocean by a neck of dry land 

(although it was linked to the ancient Mediterranean basin across the Isthmus of Suez) 

and due to the  evaporation and the insufficient supply of sea water from the 

Mediterranean, it dried almost completely forming a considerable thicknesses of salt 

and other evaporate minerals (Edwards & Head, 1987). Fossil evidence suggests an 

intermittent refilling of the basin with the preservation of deep and shallow-waters 

organisms in small pools between the evaporate sequences. The last fluctuations in 
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the Red Sea occurred during the Ice Ages of the Pleistocene period (1.6 Ma ago) and 

being of the order of  100 m below the present level they should have isolated the Red 

Sea from the Indian Ocean resulting, once again, in the prevalence of hypersaline 

conditions similar to those occurring nowadays in the Dead Sea. At the end of the last 

glaciation (from 20 to 15,000 years ago) the salt water from the Indian Ocean flooded 

the basin although the present level was reached only 5,000 years ago (Edwards & 

Head, 1987). 

 

The climate in the Red Sea is characterized by some of the hottest and most arid 

conditions occurring in any marine area on Earth (Edwards & Head, 1987). Two 

seasons are present in the Red Sea: a cool season (winter) from mid-October to mid-

April, and a hot season (summer) in the other six months. Air temperatures range from 

20°C in the north to 29°C in the south in winter (average for January) and from 35°C in 

the north to 40°C in the south in summer (average for July) (Edwards & Head, 1987). 

During the winter, two opposite airflows characterise the Red Sea, both travelling 

along its axis. These airflows are generated by a low pressure system located in the 

centre of the basin and derived from a larger belt of low pressure known as the Inter-

Tropical Convergence Zone (ITCZ). The northern part of the Red Sea receives 

northwesterly winds from the Mediterranean Sea while the Northeast Monsoon is 

funnelled up through the Gulf of Aden forming southeastly winds. These two airflows 

meet in the centre, which, as a result, is characterized by weak prevailing winds 

(Sheppard et al., 1992).  

 

The winter weather system permits Indian Ocean waters, rich in nutrients, to be forced 

into the Red Sea and is responsible for the occasional heavy rain brought by the warm 

and humid Monsoon air. Because permanent rivers are missing in the region, these 

winter rains are the only source of freshwater and are known to cause flash flooding 

with devastating effects on the shallow marine environment nearby (Sheppard et al., 

1992). During the summer, the low pressure area migrates toward southern India 

generating strong winds that flow down the Red Sea for its entire length (Edwards & 
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Head, 1987; Sheppard et al., 1992). Local sea breezes are also important in the Red Sea 

and are caused by the large temperature variations between day and night. These 

breezes have a major effect on coral alignment and soft substrate distribution 

(Sheppard et al., 1992).  

 

As a result of the high evaporation (1-2 m per year) and the absence of major 

continental freshwater sources there is a net flow of water entering the basin from the 

Indian Ocean (the water lost into the Mediterranean Sea through the Suez Canal is 

insignificant). This persistent flow generates a net annual drift of the surface waters 

which is directed north. This northerly drift is generally weak and is easily modified by 

local breezes and small tides generating strong and unpredictable currents (Sheppard 

et al., 1992). The northern drift is generated in winter when the cooler (25°C) and less 

saline (36.5 PSU) waters from the Indian Ocean enter the Red Sea through the Bab-el-

Mandeb Strait, pushed north by the dominant winds. Water gradually warms up as it 

moves to the centre of the basin. In the northern part of the basin, the water 

temperature begins to fall again while salinity continues to increase due to the 

persistent evaporation and, in particular, because of the presence of salt deposits in 

the Gulf of Suez (Sheppard et al., 1992).  

 

At the end of the Gulf of Suez, the mass of water turns south but, in the proximity of 

the Gubal Strait (Figure 1.1) where the bottom deepens, it moves below the surface 

layer of the northerly drift sinking to about 250-300 m below the thermocline. This 

water forms a dense layer extending from the thermocline to the sea floor with a 

constant temperature of 21.5°C and a salinity of 40.5 PSU giving rise to a unique 

condition that does not occur anywhere else on Earth. The surface waters are still 

warmer than this deep water layer so there is no further mixing (Sheppard et al., 

1992). In the proximity of the Bal-el-Mandeb Strait, the deep water is pushed out of 

the Red Sea flowing under the inbound surface drift. In summer, the northerly drift is 

still present but it then flows north as an intermediate water layer below the wind-

driven surface water heading south and the dense deep water layer also moving 
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southwards (Sheppard et al., 1992). The turnover time of the water layer above the 

thermocline has been estimated at six years, and the turnover for the whole Red Sea 

at about 200 years (Sheppard et al., 1992).   

 

Tides in the Red Sea are small, ranging from 0.5 and 1.5 m. However, seasonal winds 

increase the tide by 0.5m in the winter and local breezes cause increased oscillations 

of 0.5 m. These effects can generate local currents responsible for important small-

scale circulation of nutrients (Sheppard et al., 1992).   

 

1.5.1 Biogeography of the Red Sea 

The Red Sea can be divided into two sub-basins (a north-central and a southern) based 

on its climate, physiography and oceanography. The boundary between the two sub-

basins is situated at approximately 18°-20°N of latitude which corresponds to the 

northern limit reached by the influx of the nutrient-rich waters from the Gulf of Aden 

(Sheppard et al., 1992).   

 

The northern part of the basin is characterised by a narrow continental shelf (generally 

less than 1 km wide) and by an extraordinary network of coral reefs, both in the form 

of fringing reefs (along the shore) and barrier reefs (arising at the edge of an offshore 

shelf). Atolls, a third kind of reef, are not well developed in the Red Sea, perhaps due 

to its recent and complex geological history. The only atoll present in the Red Sea is 

Sanganeb (off Port Sudan - Figure 1.1). 

 

In the north, coral growth is favoured by a lack of suspended sediments mainly due to 

the absence of major continental freshwater inflows and lack of nutrients in the water 

(Guilcher, 1982). The extraordinarily diverse coral community in this area supports a 

biodiverse assemblage of benthic invertebrates and coral fish; the latter are thought to 

form the richest fish assemblage west of Indonesia and the Philippines (which are 

acknowledged as the global centre of diversity for fishes) (Edwards & Head, 1987). 
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In the southern part of the Red Sea, the continental shelf widens and the benthic 

slopes are less steep, favouring accumulation of muddy and sandy substrates. This 

environment hampers the development of fringing reefs that, in some areas, are 

almost completely replaced by sandy shores and thick stands of mangroves. 

Rudimentary coral reef formations develop further offshore, where sedimentation is 

less prominent and there is a reduced coral and fish assemblage diversity. Moreover, 

in some sandy areas, coral reefs are entirely built by calcareous red algae instead of 

corals. Conspicuous coral reefs remain around the Farasan and Dahlak islands (Figure 

1.1), although mangroves are also supported (Edwards & Head, 1987; Sheppard et al., 

1992).   

 

The two gulfs of Suez and Aqaba are also different from the rest of the Red Sea. The 

Gulf of Suez is shallow with sandy/silty bottom sediment. The strong water mixing 

caused by the turning flow of the main northerly surface drift (see above) increases the 

turbidity and precludes the formation of extensive fringing reefs that are replaced, in 

many areas, by patchy coral formations lying on the bottom. In winter, water 

temperatures drop below 18°C (the limit for reef-building coral growth) and high 

salinity (41 PSU) also reduces coral development, although this is considered less 

important than sedimentation. In general, reefs along the western coast of the gulf are 

better developed than those along the east coast although, within 50 km of Suez 

(Figure 1.1), well-developed fringing reefs exist on both sides. The largest reef 

complexes in the Red Sea are found in the southern part of the Gulf between the tip of 

the Sinai Peninsula and Hurghada (Figure 1.1). This unlikely development is the result 

of shallow depth that allows the illumination essential for coral growth and the 

presence of clear waters because, in the Gubal Strait, the dense and turbid waters 

from the gulf dip under the northerly and clear surface drift (Edwards & Head, 1987; 

Sheppard et al., 1992).  

 

The Gulf of Aqaba is deep (up to 1,800 m) and separated from the main basin by a 

large and shallow sill. An extremely narrow continental shelf borders both sides of the 
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gulf, above which fringing reefs occur almost continuously, and get more extensive in 

the proximity of embayments and old wady systems (Sheppard et al., 1992). 

 

1.5.2 Biodiversity and Endemism 

The Red Sea is among the least productive seas in the world, yet it accommodates a 

complex and unique tropical marine ecosystem with an extraordinary biological 

diversity (PERSGA, 2004). This high diversity is due to the almost 2000 km of coral reefs 

along the coasts and in the offshore waters, and to the presence of many different 

habitats (such as mangrove forests, seagrass beds, salt marshes and salt pans (Hariri et 

al., 2000).  

 

The level of endemism seems to be high in the Red Sea ranging from 8% for coral to 

70% for crinoids although accurate estimates  are difficult to obtain because these 

require extensive collections of specimens for comparison (Briggs, 1974). The semi-

isolation of the Red Sea with only a small connection to the Indian Ocean might have 

favoured a high proportion of endemic species. On the other hand, limited geological 

time has passed since re-colonisation occurred from the warm waters of the Indian 

Ocean and, for some taxa, this would not be sufficient to allow the evolution of 

different forms from the ancestral stocks (Edwards & Head, 1987). 

 

1.5.3 Lessepsian migration 

Since the opening of the Suez Canal in 1869, water exchange has allowed more than 

300 marine species to migrate from the Red Sea into the Mediterranean Sea (Bentur et 

al., 2008). The phenomenon is called Lessepsian migration after the French engineer 

Ferdinand Marie de Lesseps who planned and supervised the construction of the Canal 

(Por, 1978). Very few organisms seem to have accomplished the opposite migration 

even though current flow alternates in direction (Morcos, 1970; Bentur et al., 2008). 

The warming of the Mediterranean Sea as a result of climate change might have 

favoured this unidirectional movement of species (Lejeusne et al., 2010).  
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Tursiops spp. are regularly found in the Suez Canal (Notarbartolo di Sciara et al., in 

preparation-b). In the proximity of Port Said, T. truncatus from the Mediterranean Sea 

is often observed in winter while hunting sardine species at the mouth of the canal 

entrance (Ismail Mohammed personal communication). These dolphins are thought to 

be part of a sub-population inhabiting waters off Israel, a distinct and smaller form 

compared to the common bottlenose dolphins found in the rest of the Mediterranean 

Sea (Sharir et al., 2011; Kerem et al., 2014; Notarbartolo di Sciara et al., in preparation-

b). In the southern part of the Suez Canal, there is evidence that the dolphins 

encountered from Suez to the Bitter Lakes (Great and Smaller Bitter Lakes – see Figure 

1.2) belong to T. aduncus from the Red Sea (Notarbartolo di Sciara et al., in 

preparation-b). It is not known whether or not the two species meet in the canal or in 

the lakes. There are no sightings of T. truncatus from the Red Sea in the Gulf of Suez; 

its presence in the Suez Canal is therefore unlikely.   
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Figure 1.2 - Map of the Suez Canal showing the location of the main cities (black spot) and of the two 

lakes (Small Bitter Lake and Great Bitter Lake) along the canal. 
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1.6 Cetacean threats in the Red Sea and legal frameworks 

The Red Sea shores have an extremely long history of traditional uses including fishing, 

ports, trading and as navigation routes as man and his immediate ancestors have 

occupied the region for about 3 million years (Edwards & Head, 1987). Coastal 

settlements were generally small and sparse mainly due to the arid climate and lack of 

freshwater supplies and raw material. Exchanges with the non-coastal villages were 

also infrequent due to the poor infrastructure and lack of suitable methods to preserve 

fishery products. As a consequence, human activities were governed by  artisanal 

management practices and were generally considered sustainable for the local 

environment  (Edwards & Head, 1987). 

 

In the last 40-45 years however, rapid economic development has led to a substantial 

expansion of Red Sea coastal urban areas (Edwards & Head, 1987) with the 

populations of the countries along the basin (Egypt, Sudan, Eritrea, Djibouti, Yemen, 

Saudi Arabia, Jordan and Israel) increasing from about 5 to 9 million (Sheppard et al., 

1992).  

 

This extraordinary urbanization of the littoral zone has caused major increases in 

anthropogenic pressures on the marine ecosystem of the basin, including pollution, 

habitat destruction, overfishing and curio trade (Sheppard et al., 1992; PERSGA, 1998).  

These pressures are likely to have important consequences for the Red Sea ecosystem 

due to its innate vulnerability (semi-enclosed basin, strong reliance on the oil industry, 

high navigation risks, lack of marine resource information, poor coastal zone planning, 

and social and political instability) (Edwards & Head, 1987; Gladstone et al., 1999).  

 

The most important regional agreement for the protection and conservation of the 

Red Sea is the Jeddah Convention (formally the “Convention for the Conservation of 

the Red Sea and Gulf of Aden Environment”) signed in 1982 by the majority of the 

bordering countries: Djibouti, Egypt, Jordan, Palestine, Saudi Arabia, Somalia, Sudan, 

and Yemen, Participation was open only to States that were members of the Arab 
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League and so Eritrea - part of Ethiopia since 1991 - and Israel were not invited. A few 

years later, in 1995, an official intergovernmental organization was established to 

implement the convention, known as the “Regional Organization for the Conservation 

of the Red Sea and Gulf of Aden” (PERSGA). In 1998, PERSGA developed the Strategic 

Action Plan (SAP) for the Red Sea and the Gulf of Aden. The SAP’s aim was the 

protection of the environment and the sustainable development of the coastal and 

marine resources (PERSGA, 1998). The major threats identified by the SAP for the 

region were: 

• Widespread habitat destruction (unplanned coastal development, extensive 

dredging and filling, destruction of coral reefs, mangrove areas, and seagrass 

beds). 

• Unsustainable use of living marine resources (local/export overfishing, illegal 

shark fisheries, turtle/turtle egg exploitation, incidental capture of marine 

mammals in fishing nets). 

• Navigation risks, oil production and transport (ship collision, discharge of 

sewage and solid waste, oil spills). 

• Impacts of urban and industrial development (excessive use of water, 

destruction during construction, discharge of municipal wastewater, industrial 

pollution, hazardous wastes, cooling water discharge, waste oil disposal). 

• Expansion of coastal tourism (water extraction, destruction during 

construction, sewage and solid waste discharge, disturbance to wildlife and 

habitats by tourists,  illegal collection for souvenir trade). 

• Other and Emerging issues (disposal of toxic substances, sedimentation from 

agriculture and grazing, discharge of pesticides and fertilizers, development of 

wastelands, unmanaged expansion of small/medium industries, exploitation of 

offshore mineral deposits, shrimp and fish farming, ornamental fish collecting). 

 

The identification of the threats for the region underlined in the SAP, led to the 

development of a strategy for habitat and biodiversity conservation that included five 

steps: developing standard survey methods, training specialists, executing the planned 
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surveys, drafting conservation plans, and implementing the plans. In 2004, PERSGA 

published the “Standard Survey Methods for Key Habitats and Key Species in the Red 

Sea and Gulf of Aden” following methods currently used worldwide (PERSGA, 2004). 

Because knowledge of marine mammals was recognised to be poor, a list of basic tasks 

essential for their conservation was established, including the creation of a list of 

species present, the acquisition of data on cetacean distribution, abundance and 

habitat preferences, the identification of local threats.  

 

1.6.1 Further legal frameworks in Egypt 

In Egypt, there are three main national laws that are of relevance for direct or indirect 

conservation of cetaceans (Wikipedia contributors, 19 August 2014; EEAA, 1998): (a) 

Law 102 of 1983 for Nature Protectorates that provides the legislative framework for 

managing protected areas in the country; (b) Law 124 of 1983 concerning the 

regulation of fisheries; and (c) Law 4 of 1994, amended by Law 9 of 2009, that created 

the Nature Conservation Sector for management of Egypt's protected areas. 

 

The international agreements that directly or indirectly affect cetaceans and that Egypt 

is party to are: (a) The United Nations Convention on the Law of the Sea - UNCLOS 

(Montego Bay, 1982); (b) The Convention on Biological Diversity - CBD (Rio de Janeiro, 

1992); (c) The Convention on the Conservation of Migratory Species of Wild Animals - 

CMS or Bonn Convention (Bonn, 1979); (d) The Convention on International Trade in 

Endangered Species of Wild Fauna and Flora - CITES (Washington, 1973). 

 

Egypt has also ratified two international agreements that include the waters of the 

Mediterranean Sea but not the Red Sea (the Convention for the protection of the 

marine environment and the coastal region of the Mediterranean, Barcelona 

Convention - Barcelona, 1976 and 1995; and the Agreement on the Conservation of 

Cetaceans of the Black Sea, Mediterranean Sea, and Contiguous Atlantic Area, 

ACCOBAMS - Monaco, 1996). These agreements might be relevant for the 
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conservation of Tursiops spp. in the Suez Canal, in light of the forthcoming increase in 

size of part of the Suez Canal.   

 

 

1.7 Thesis Aims and Objectives  

This overall aim of this thesis is to advance knowledge and understanding of the 

biology and ecology of cetaceans in the Red Sea. The new data collected should 

provide baseline knowledge about cetaceans in the region and should allow the 

development of a conservation strategy in the two marine parks present in the 

southern Egyptian Red Sea. 

 

The objectives of this thesis are: 

• To design a vessel-based pilot survey compatible with the logistics and the 

characteristics of the region. 

• To estimate the abundance of five target species in the southern Egyptian Red 

Sea. 

• To explore the space use and habitat preferences of these target species. 

• To provide suggestions for future research needs and appropriate survey 

methods aimed at increasing knowledge of cetacean biology and ecology to 

allow improved conservation in the Red Sea. 

 

1.7.1 Thesis structure 

The first chapter (Chapter 2) presents a survey design based on line-transect methods, 

summarises the results of a pilot survey carried out in the summer of 2010 and details 

the resulting modifications of the survey design and study area boundaries for the 

main surveys.  

 

Chapter 3 summarises the information gathered over three years, including the 

systematically collected vessel-based survey data and the incidental sighting data 
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reported by dive guides operating in the Egyptian waters of the Red Sea. This 

information allowed an up-to-date review of the cetacean fauna of the northern Red 

Sea. 

 

Chapter 4 provides the first estimates of density and abundance for the five target 

species in a part of the Red Sea. Abundance estimates are obtained using design-based 

analytical methods, including estimating detection probabilities by pooling data from 

species with similar characteristics. 

 

Chapter 5 describes the distribution and occurrence of the five target species in 

relation to a range of environmental variables using the results of regression-based 

habitat modelling methods. 

 

Chapter 6 uses mark-recapture methods applied to photo-identification data to 

estimate abundance and describe the movement patterns of T. truncatus, T. aduncus, 

and G. griseus in the southern Egyptian Red Sea.  

 

The final discussion (Chapter 7) synthesises the information provided by the different 

analytical approaches in the previous chapters and evaluates the conservation status 

of cetaceans in the northern part of the Red Sea. The results are placed in a wider 

ecological and conservation context and suggestions are made for a future research 

plan for the Red Sea.  
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Chapter 2 Survey Design and Pilot Survey Data Collection 

2.1 INTRODUCTION 

2.1.1 Estimating animals abundance 

Knowledge of the abundance of a population is important to understand the ecological 

processes and the biological aspects involving living organisms but it is, above all, the 

first step needed to quantify the impact of human activities on cetacean populations 

worldwide and to develop any management plan for biodiversity conservation 

(Borchers & Buckland, 2002; Bailey, 2009; Hammond, 2010). How many animals are 

there? What are the population trends? These are the questions biologists are asked 

most commonly by managers and policy-makers during the selection of the 

appropriate management measures for the conservation of wild populations (Gese, 

2001). 

 

Estimating abundance of mobile organisms such as cetaceans is not easy and reliable 

methods to provide precise and accurate abundance estimates are needed (Hammond 

et al., 2013). Given the infeasibility of a direct count of all the individuals in the area of 

interest, statistical techniques allowing inference from samples are commonly used 

(Hammond, 2010). There is a wide range of techniques by which the size of a 

population can be estimated, all falling in three main approaches (Borchers & 

Buckland, 2002; Hammond, 2010): removal (where organisms are collected and 

removed from the population); capture recapture (where marked organisms are 

sampled, released and re-sampled); and line (or point) transect (where the space in 

which organisms occur, is sampled). The choice about which methods to adopt 

depends on the characteristics of the target species, on the use that policy makers 

intend to do with the estimate, and on the availability of the resources to carry out the 

survey (Borchers & Buckland, 2002).  
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At present, line transect methods are widely used for estimating abundance of animals 

and are considered efficient techniques in particular for animals occurring at low 

densities and over large areas, such as cetaceans (Hammond, 2010). Furthermore, 

these methods are considered to be among the most cost efficient to achieve a given 

precision as they allow incorporating the probability of animal detection, and obtaining 

accurate and precise estimates of density and abundance (Buckland et al., 2001; 

Borchers & Buckland, 2002; Thomas et al., 2002). Line transect methods are based on 

the idea of estimating the density of objects in randomly placed strips, surveyed by 

transects and then extrapolating the value obtained to the entire study area. Not every 

object is expected to be spotted in the area and, using measurements of perpendicular 

distance of objects from the transect line, probabilities of detection can be estimated 

and used to allow unbiased abundance estimations.  

 

Line transects methods are based on a number of assumptions (Buckland et al., 2001):  

1. Survey design must give a representative sample of space.  

2. Objects do not move (at all, even randomly).  

3. Objects are always detected on the transect line.  

4. Objects are distributed homogeneously in the vicinity of the transect line (so 

changes in detection probability with perpendicular distance are not 

confounded with changes in density).  

5. All measurements are accurate.  

6. Observations are independent (to ensure unbiased estimation of variance). 

 

The fulfilment of these assumptions relies in great part on the survey design. 

 

2.1.2 Theoretical considerations for survey design 

Line transect surveys consist of a series of track lines along which the observation 

platform travels, and encounters of the target species are recorded including the 

animals’ position with respect to the trackline (Strindberg & Buckland, 2004). A good 
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survey design requires that every part of the study area has the same probability of 

being surveyed. This is a crucial point because it justifies the extrapolation of sample 

density from the area covered by the transect lines to the whole area of interest 

(Burnham et al., 1980). To provide even coverage probability of the study area, lines 

should be laid out within the study area using a random probability process 

(randomization) or a systematic design incorporating a random element. The latter is 

known to be more efficient than random placements as lines are more evenly 

distributed through the area (Strindberg, 2001). No assumptions about the spatial 

distribution of the target species have to be made as long as transect lines are located 

randomly and provide even coverage probability of the study area  (Burnham et al., 

1980). An equal coverage probability survey design is essential because the spatial 

distribution of animals is usually unknown (Hammond et al., 2014; MacLeod, 2014) 

 

Replication is also an important feature in survey design. Each transect line, or piece of 

a transect line, in the study area is usually considered to be a replicate. A larger 

number of replicates usually leads to lower variance in encounter rates and more 

precise abundance estimates (Fewster et al., 2009). A large, complex or heterogeneous 

survey area might need to be stratified spatially to improve precision in the estimates. 

Stratification is particularly important when some parts of the study area are less  

accessible than others (violating the assumption of even sampling coverage) or when 

the study animals are known to aggregate forming high density areas (Strindberg & 

Buckland, 2004).  

 

Buckland et al. (2001) suggest an ideal sample of 60-80 sightings. However, this 

number might be difficult to achieve, in particular for cetaceans that are distributed 

widely and sparsely and relatively rare (Hammond, 2010). A minimum number of 30 

sightings is often a good compromise, although this depends on how the perpendicular 

distances are distributed and on how detection probability is influenced by covariates 

(e.g. large whales in Gulf of Mexico in Mullin et al., 2004; T. truncatus in Western 

Mediterranean Sea in Lauriano et al., 2014; S. longirostris and S. attenuata in the 
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Eastern Tropical Pacific, Gerrodette and Forcada, 2005). Increasing sample size usually 

requires increasing survey effort and thus operational costs which are the major 

constraints for most surveys (Hammond, 2010). Knowing a priori encounter rates of 

the species of interest in the area is important to finding the right balance between the 

level of effort required to meet the project objectives and the survey’s feasibility. 

Undertaking a pilot survey is usually strongly recommended as it provides baseline 

knowledge of encounter rates, as well as allowing the identification of possible logistic 

problems and the suitability of the adopted field protocol (Burnham et al., 1980). If 

encounter rates are not available and a pilot survey cannot be conducted, a range of 

values known from the literature could be investigated and an educated guess 

(Burnham et al., 1980) could be used to exclude improbable values (e.g. for the same 

species oligotrophic areas would likely not have the same encounter rates estimated in 

high-productive areas).  

 

The feasibility of the survey also depends on the funds available, the physiographic and 

dynamic features of the study area, the biological characteristics of the target species 

(e.g. dive duration, body size, group size, highly vocalizing species, etc.), and logistical 

constraints typical of the region where the survey is carried out. Given typical financial 

limitations it is extremely important to place transect lines in a pattern that increases 

survey efficiency and decreases off-effort navigation. In recent years, the availability of 

the free software program Distance (Thomas et al., 2010) and the development of 

algorithms to generate automated designs (Strindberg, 2001; Strindberg & Buckland, 

2004) have simplified considerably the work needed to select the most appropriate 

survey design. 

 

This chapter details the steps taken to design a seasonal (winter and summer) three-

year vessel-based survey covering the southern Egyptian Red Sea. In order to obtain 

preliminary information on the target species, a pilot survey pre-dating 2010 was 

initially planned but was cancelled for logistic reasons. Thus, the survey conducted 

during the summer of 2010 and described here can be considered as a pilot survey. 
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Results of this first survey are reported, and the modification of the survey design 

following the first survey is discussed. 

 

 

2.2 Study area 

The study area in the southern Egyptian Red Sea (Figure 2.1) was bound by Marsa 

Alam city in the North (25°05’ N, 34°53’ E) and the border with Sudan in the South 

(22°06’ N, 36°57’ E). The distance of the offshore boundary from the coast ranged from 

25 to 55 km allowing for four transects to be covered during daylight hours with the 

vessel having enough time to anchor for the night (along the shore or inside the lagoon 

of an offshore reef). The total study area surface was 15,212 km2. 

 

The coastal region of the study area is characterized by a desert landscape, with no 

rivers, low rainfall (25-40 mm/year) and scarce vegetation (Edwards & Head, 1987). 

Human settlements are small, sparse and mainly located along the coast. A main 

tarred road runs parallel to the shoreline from Hurghada in the North south to the 

border with Sudan. The main towns from North to South are Marsa Alam, the similarly 

sized town Shalatin (13,000 inhabitants, Marshall et al., 2010), and the smaller Abu 

Ramad. Electricity is supplied by generators, fresh water by desalinators; gasoline, 

drinkable water and food are transported overland. Marsa Alam’s economy depends 

almost exclusively on tourism (offering shops and cafes to the tourists hosted in the 

many resorts present along the 70 km of the coast north of the city and being the most 

important tourist harbour in the region) and on mining in the nearby Sukari gold mine. 

Shalatin’s economy depends on artisanal fishing and dromedary trade, and Abu Ramad 

depends on artisanal fishing and to the economy developed around a Navy military 

base. South of Marsa Alam, resorts (less than 20) exist along the coast but a second 

harbour for tourist activities is located in Hamata. The only industrial site in the study 

area is also found between Marsa Alam and Hamata: the Abu Ghusun (24°27’ N, 35°12’ 

E) harbour, used for mineral transportation (mainly phosphate) extracted in the 
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hinterland. A second military Navy base is located south of Ras Banas peninsula 

(Berenice, 23°55’ N, 35°29’ E). Except for these the remaining coastal areas in the 

study area are sparsely settled with the local people living off fishing, dromedary trade, 

goat farming and occasionally selling handicrafts to tourists (HEPCA pers. comm. to M. 

Costa, Marshall et al., 2010, Rouphael, et al., 2013) (Figure 2.1). 
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Figure 2.1 - Map of the study area (black line) in the southern Egyptian Red Sea (with the circular inset 

showing the location of the study area (black dot) within the wider Red Sea). The study area was divided 

into three strata. The coloured areas indicate the marine portion of Wadi El Gemal - Hamata National 

Park (pink) and Gebel-Elba Conservation Area (green). The main towns Marsa Alam, Shalatin, and Abu 

Ramad are indicated (large black circles) as well as the industrial harbour of Abu Ghusun and the Navy 

military base of Berenice (small black circles).  
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The study area is divided into three strata accounting for possible differences in 

physical characteristics with respect to the prevailing exposure to wind and waves, 

width and shape of the continental shelf, general physiography of the sea bottom, and 

the number and distribution of coral reefs. The northern stratum extended from Marsa 

Alam city to the Ras Banas Peninsula and was characterized by fringing reefs along the 

coast and few stands of mangroves, a continental shelf extending from 9 to 20 km 

offshore generally parallel to the coast and a few dispersed offshore coral reefs and 

islands. The central stratum stretched from southern Ras Banas to the Siyal islands and 

was characterized by fringing reefs along the coast interspersed with sandy beaches 

and large stands of mangroves, a relatively wide continental shelf extending parallel to 

the coast up to 50 km offshore interspersed with thousands of coastal and offshore 

coral reefs, isolated (no other reef in a radius of 5 km) or grouped to form coral 

agglomerates. The southern stratum extended from a point 50 km offshore Shalatin to 

40 km north of the border with Sudan and was characterized by fringing reefs along 

the coast, sandy beaches and some stands of mangroves, an irregularly shaped 

continental shelf ranging from 11 to 34 km from the coast, some isolated offshore 

coral reefs and some coral agglomerates (Figure 2.1).  

 

The physiography of the study area was complex due to the presence of thousands of 

coral reefs on the continental shelf with occasional pinnacles emerging above the 

surface (Edwards & Head, 1987). A reliable chart was not available; instead, satellite 

pictures of the area with geographic references were obtained from the Landsat 5 

dataset (the pictures LT51730432003215MTI01 and LT51720442003208MTI010 were 

selected to generate the reef profiles and downloaded by Landsat Project Science 

Office, Nov 2009). The pictures were plotted in ArcGIS 10.2 (ESRI, 2011), and polygons 

of each reef (and the coast) were generated, saved as shapefiles, and projected using 

the Zone 36 North Universal Transverse Mercator (UTM) projection. About 3,900 reefs 

(and 10 islands) were generated with reef circumference ranging from 50 m to 27 km. 
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Two bathymetry datasets were investigated: ETOPO1 (from National Oceanic and 

Atmospheric Administration – NOAA - of National Geophysical Data Center - NGDC) 

with 1 arc-minute resolution (Amante & Eakins, 2009) and GEBCO (from 

Intergovernmental Oceanographic Commission – IOC - of UNESCO and International 

Hydrographic Organization - IHO) with 30 arc-seconds resolution (IOC IHO and BODC, 

2003). In both cases, ship-track soundings used to generate the sea bottom profiles 

were mainly carried out in the central deep waters of the Red Sea. Depth values on the 

continental shelf were mainly obtained by interpolation between few soundings over 

large areas, and thus were considered highly inaccurate (Figure 2.2). The major issue 

with these databases were the shallow areas (ranging from -2 to -10 m) predicted in 

waters around offshore reefs that were instead clearly much deeper. The research 

vessels in fact navigated in such waters and the bottom was not visible (bottom is 

visible up to -20m –personal observations). The Ice Surface ETOPO1 dataset with 1 

arc-minute resolution (Amante & Eakins, 2009) was selected because it presented 

smaller offshore areas with these erroneously predicted shallow values.  

 

The climate in the northern part of the Red Sea is characterized by prevailing winds 

blowing year round from the North-West to North. Information found in the literature 

reported greater than 75% of winds with Beaufort force four or less (Edwards & Head, 

1987), and measurements from local stations indicated a prevalence (35-48%) of wind 

ranging from four to five Beaufort particularly around midday (11-14 hours local time) 

(source: www.windfinder.com). 
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Figure 2.2 - Map showing the available bathymetry data for the Red Sea (these data are included in the 

both GEBCO and ETOPO1 bathymetry datasets) where the depth values were obtained by systematic 

sounding surveys along the white track lines and white dots, with values between soundings 

interpolated (dark grey area). The black polygons denote the study area divided into the three strata.  
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2.3 SURVEY DESIGN 

2.3.1 Selection of survey platform 

Private airplanes were not allowed in the region at the time the project began so the 

area was planned to be surveyed by ship. In Egypt, several suitable survey vessels were 

available for charter because nautical tourism for diving is widespread. Vessels could 

be classed into two main types: day-cruisers with a cruising range of one to three days, 

single engine, cruising speed of 13 km/h to 19 km/h, and an average cost of 600 Euro 

per day (average prices as reported by boat owner/company contacted in Egypt in 

November 2009 and February 2013); and “safari” boats with cruising range of seven to 

eight days, two engines, cruising speed of 15 km/h to 22 km/h, and an average cost of 

1,000 Euro per day. Safari boats were considered more suitable for the surveys 

allowing many consecutive days at sea, with round the clock availability of power for 

the research equipment while also meeting safety and logistic requirements for the 

large research team (e.g. air conditioning and desalinator system).  

 

The Egyptian partner-NGO HEPCA co-owned a safari boat which was made available 

for this project at a substantial discount. The HEPCA vessel Tala (Red Sea Explorer) was 

36 m long with a capacity to accommodate up to 22 people plus 7 crew members 

(Figure 2.3). The vessel had a continuous cruising range of about 1,000 km and was 

equipped with two on-board diesel engines allowing a cruising speed of 17 km/h with a 

maximum speed of 22 km/h. The observation platform was located on the upper deck 

at 6.5m above sea level, and two seats, one on each side of the vessel, were set up 

bringing the average eye-level to 8 m above the sea surface.  
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Figure 2.3 - The HEPCA vessel Tala (Red Sea Explorer) 

 

 

2.3.2 Target species 

Background information on the cetacean species in the study area was limited due to a 

lack of dedicated survey work. Spinner dolphins (Stenella longirostris) were known to 

regularly visit the offshore coral reef Samadai (24°59’ N, 34°59’ E), and rest in the 

internal reef lagoon during daylight hours (Notarbartolo di Sciara et al., 2009). Areas 

such as Samadai reef, where dolphins rest but also socialize, play and mate from 

sunrise to sunset, are defined “resting areas” in this thesis. The offshore reef Satayah 

(24°09’ N, 35°41’ E), located at about 115 km southeast of Samadai, was also identified 

as a possible resting areas for S. longirostris (Notarbartolo di Sciara et al., in 

preparation-a). Bottlenose dolphins have been reported at many sites along the coast 

from Port Ghalib (25°32’ N, 34°38’ E) to Wadi Gemal (24°41’ N, 35°05’ E) and around 

Elphinstone reef  (25°18’ N, 34°51’ E). In the majority of the cases photographs 
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provided by divers allowed dolphins to be identified as Tursiops aduncus. S. attenuata 

and T. truncatus were reported during a year-long project carried out in Samadai reef 

from October 2005 to September 2006 (Notarbartolo di Sciara et al., in preparation-a). 

Thus, Stenella longirostris, S. attenuata, Tursiops truncatus and T. aduncus were 

considered the target species for this study.  

 

2.3.3 Designing a line transect survey 

The software Distance 6.2 (Thomas et al., 2010) was used to generate different survey 

designs for the study area. A shapefile of the study area generated in ArcGIS 10.2 was 

imported into Distance following the steps indicated in the Chapter 5 of the software 

user guide (Thomas et al., 2010). Coral reef areas were considered like land and 

removed from the study area surface because reefs emerge from the sea bottom up to 

few centimetres under the surface making unlikely the presence of cetaceans above 

them (Figure 2.4). A point grid layer was added to the study area with a grid spacing of 

2 km generating 3,247 points. The grid spacing should be larger than the maximum 

perpendicular distance at which animals are expected to be spotted. This distance was 

estimated to range from 1,000 m to 1,800 m given the observers’ eye-level above the 

sea surface (approximately 8 m), the observation method used (naked eyes), the 

relatively small size of the target species (ranging from 2 to 4 m in length) and the 

expected sighting conditions. 
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Figure 2.4 - Example of coral reef emerging from the sea bottom to few centimetres below the sea 

surface. 

 

 

A systematic design was preferred to a random one, and a continuous zigzag design 

was preferred to a parallel-line design to decrease navigation off effort between 

transects. An equal-spaced zigzag sampler was selected to create the survey design as 

it yielded a lower bias in abundance estimates than other available options (such as 

the equal-angled samplers) (Strindberg & Buckland, 2004). The shape of the study area 

approximated a convex hull enabling the zigzag sampling design to be used. Effort was 

determined by line spacing leaving the software to generate the number of sampler 

segments (transects) and their aggregated length for each stratum. The same line 

spacing was allocated for all strata. The angle of the design axis was selected in order 

for transects not to be perpendicular to the dominant wave direction in each stratum 
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to reduce vessel pitch. The selected strip width was 2 km. The coverage probability 

was generated empirically using 5,000 simulations.  

 

The total survey effort was estimated considering the budget available, the desire to 

estimate abundance in the two seasons (winter from mid-October to mid-April, and 

summer in the remaining six months), and logistic restrictions (Marsa Alam and 

Hamata located in the northern stratum offered the only harbours in the study area 

where the survey vessel could be refuelled). The available budget was sufficient to 

allow for 200 days of vessel charter and associated operational costs to be covered. It 

was assumed that about 50% of those days would be lost due to bad weather and off-

effort navigation to/from Hamata harbour for refuelling. To estimate the overall survey 

effort (considering the three years of project) the remaining days were multiplied by 

the hours of navigation per day (i.e. seven hours, taking into account seasonal daylight 

hours (n summer 13 hours of daylight, and 10 hours in winter were available in the 

study area based on information for latitude 24°25’ N, source: 

www.timeanddate.com), time spent in closing-mode with dolphins during sightings - 

30-45 min, and travel time required to transit between transects and safe anchorages 

for the night), and by the average vessel speed (16 km/h). To obtain the survey effort, 

the overall effort (11,200 km) was divided by the desired number of surveys (five 

surveys:, three in the summers of 2010, 2011 and 2012 and two winter surveys in 2010 

and 2011). A total effort of 2,200 km resulted for each of the five surveys. 

 

The precision of the density (and abundance) of groups was predicted using the 

formula from Burnham et al. (1980, p. 35): 

 

 � = � �
��������� !

��"�

# Formula 2.1 

 

Where: 
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$ Total survey effort length 

% = &��'(�)� +
����'*+,(0)-�.+(0)/� 0 Variance inflation factor 

+(0) Probability density function of perpendicular 

distances from the trackline, evaluated at zero 

distance (x=0)  � Number of groups encountered  ���
�� Target coefficient of variation of the density 

estimator 
�  ��$�

 
A priori known encounter rate for the target 

species in the area ($� = km navigated; �� = 

number of groups encountered) 

 

The variance inflation factor % includes the variability of sample size and detection 

probability and is usually considered equal to 3 (Burnham et al., 1980) following the 

observation made by Eberhardt (1978) that the parameter typically ranges from 2 to 4. 

As encounter rates for the target species in the region were not available a range of 

the lowest values available in the literature was used instead (Ballance & Pitman, 1998; 

Barlow, 2006). 

 

The expected density coefficients of variation for density estimates are shown in Table 

2.1. CVs ranging from 0.20 and 0.50 are considered a typical achievement but they 

might require a big effort if encounter rate is low (Ferguson & Barlow, 2001; Hammond 

et al., 2002; Barlow, 2006). In order to obtain a better precision (less than 0.50), a 

group was expected every 143 km during a survey considering about 2,200 km of 

survey effort.  
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Table 2.1 – Expected coefficients of variation for density estimates using different combinations of line 

lengths (L) and potential encounter rates (ER) of group per km. Coefficients of variation were estimated 

following Formula 2.1. Colour legend: dark grey CV≥ 0.50; grey 0.50 < CV ≤0.20; light grey CV <0.20. 

L 

(km) 

 Encounter rates (group/ km) 

0.001 0.003 0.005 0.007 0.01 0.02 0.03 

2,000 1.22 0.71 0.55 0.46 0.39 0.27 0.22 

3,000 1.00 0.58 0.45 0.38 0.32 0.14 0.18 

4,000 0.87 0.50 0.39 0.33 0.27 0.12 0.16 

5,000 0.77 0.45 0.35 0.29 0.24 0.11 0.14 

6,000 0.71 0.41 0.32 0.27 0.22 0.10 0.13 

7,000 0.65 0.38 0.29 0.25 0.21 0.09 0.12 

8,000 0.61 0.35 0.27 0.23 0.19 0.09 0.11 

9,000 0.58 0.33 0.26 0.22 0.18 0.08 0.11 

10,000 0.55 0.32 0.24 0.21 0.17 0.08 0.10 

11,000 0.52 0.30 0.23 0.20 0.17 0.07 0.10 

12,000 0.50 0.29 0.22 0.19 0.16 0.07 0.09 

 

 

 

The final survey design included 65 transects (25 in the northern stratum, 21 in the 

central and 19 in the southern), and a total effort of 2,196 km (681 km in the northern 

stratum, 800 km in the central and 715 km in the southern). The average coverage 

probability across strata was 0.64 (Figure 2.5).  
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Figure 2.5 - Map of the study area showing (a) the coverage probability in each stratum, (b) and the 

equal-spaced transects for the pilot survey (white lines).  

 

 

2.4 PILOT SURVEY 

2.4.1 Data collection 

Data were collected only during on effort periods which required vessel speed to range 

from 15 km/h to 18 km/h (8 to 10 knots), visibility to exceed 4 km, and at least two 

experienced observers to be searching for dolphins. Navigation on effort included two 

different routes: (a) on transect (Tr) when the tracklines generated by the survey 

design were followed, and; (b) Ad libitum (Ad), when other routes were followed (i.e. 

during movement between strata, from/to refuelling harbours, and between transects 

and sheltered areas). Navigation from the end of one to the beginning of the 

subsequent transect were conducted off effort. Surveys were carried out from sunrise 

until two hours before sunset allowing time to reach safe night-time anchoring 

positions on the protected side of one of the numerous coral reefs or along the coast. 
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Navigation data (date, time, positions, and speed) were automatically recorded every 

10 seconds on a computer running the software Logger with an MS Access database 

(Logger 2000, International Fund for Animal Welfare) interfaced with a global 

positioning system (GPS) Garmin GPSMAP 4008 Chartplotter. Wind speed (based on 

the Beaufort scale) was recorded using a Garmin GWS10 wind sensor every 30 minutes 

(or whenever conditions changed) and stored in the Logger Access database. 

 

The two observers searched by naked-eye from 10 degrees on one side of the track 

line to 90 degrees on the opposite site creating a 20 degree overlap in the central 

sector. Steiner 7x50 binoculars were used for closer inspection of objects spotted at 

sea. Observers had angle boards in front of them to record the horizontal angle from 

the trackline to the sighting (with 1° definition and equipped with a sight). They also 

used personalised distance-sticks (customized to the observer, was used to identify 

bins inside which sighting distances were estimated with bins fixed at: 40, 50, 75, 100, 

150, 200, 250, 300, 400, 500, 800 and >1500 meters) to aid them in estimating the 

direct line distance to the animals at the initial sighting location. Observer training was 

also carried out before and during each survey and several steps known to minimize 

possible errors were implemented as suggested by Dawson et al. (2008) including that 

less-experienced observers were always paired with very experienced ones and 

training was carried out using a floating wooded fin carrying a GPS to allow the 

estimation of the right distance from the main boat. . 

A second observation platform was planned in the survey design but could not be used 

in this first survey for logistic reasons. Observers rotated position every 30 minutes 

from outdoor to indoor positions allowing them to rest from the sun and the high 

ambient temperatures. Observers communicated across vessel decks using walky-

talkies.  

 

Whenever a sighting occurred the time, position, distance and horizontal angle were 

estimated to the centre of the dolphin group. Sighting cue (e.g. dolphin fin, jump, 

splash, or associated sea birds), detection sector (left or right of the track line), and 



Chapter 2 – Survey Design 

 

48 

spotter name were also recorded. When dolphins were spotted, the survey was 

temporarily suspended and animals were approached following the closing mode 

described by Dawson et al. (2008). The closing mode approach allowed species to be 

identified with more certainty (see Appendix 1 for species identification), a more 

robust estimation of the group size and composition (see Appendix 2 for age class 

division), and collection of additional information such as photo-identification and 

behavioural data. Species identification was considered certain when at least two 

observers agreed. In some cases dolphins could not be identified (unknown dolphin 

species) or were identified only to genus level.  

 

Group size was estimated independently by at least two observers and a quality score 

for the estimate was also given (Best: estimate is precise; Good: estimate is likely to 

vary of five units; Rough: estimate vary more than five units). At the end of the sighting 

the final group size estimate was obtained using the highest count of individuals made 

by observers. The proportion of juveniles, calves and new-borns was calculated using 

the rounded average number of juveniles and the highest count of calves and 

newborns estimated by each observer. From the surface, juveniles were considered 

identifiable only for Tursiops spp. and G. griseus (see Appendix 2 for age classes 

division). In cases where several species were present together, group size and 

composition estimates were recorded for each species separately. Counts of 

individuals were carried out continuously until the end of the sighting. Substantial 

changes in group size due to the arrival or departure of individuals were recorded and 

group size estimates were recorded separately for each set of observations. The arrival 

of other species was also recorded as a different set of the same sighting. When 

dolphins occurred in large numbers (more than 30 individuals) and individuals were 

dispersed, the area around the vessel was divided into four sectors with four observers 

dedicated to counting the animals simultaneously. The sum of the individual counts 

was then used as the estimate for overall group size. In this case, observers were 

allowed to communicate with each other in order to track sub-group movements and 
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avoid double-counting. Notes about behaviour, interactions with the vessel, and any 

other observations were voice-recorded by an experienced observer.  

 

If sea conditions permitted, a small inflatable boat (hereafter called zodiac) was 

launched to facilitate a closer approach and the collection of photo-identification data. 

At the end of a sighting (usually after 30-45 minutes), the survey was resumed at the 

same transect position from which the dolphins had been sighted initially. If dolphins 

were seen near the trackline at the end of the sighting the vessel moved away at speed 

and resumed the trackline some kilometres away to avoid the animals following the 

vessel. An additional observer tracked the dolphins at the end of the sighting until the 

transect line was resumed to minimise potential double counting of the same dolphins.  

 

One of the key assumptions in line transect surveys is that all objects on the trackline 

are detected. Often a second observation platform is used to determine the number of 

animals missed on the transect line (Barlow et al., 1988; Butterworth & Borchers, 

1988; Buckland et al., 1993; Hammond et al., 1995; Cañadas et al., 2004; Hammond & 

Macleod, 2006). The second platform was built after the 2010 survey and was to be 

used in all subsequent surveys (see Chapter 4). 

2.4.2 Pilot survey results 

The first survey was carried out during 40 days spent at sea from 6th to 27th of June and 

from the 1st to the 22th of August 2010. In total, 1,502 km were surveyed on transect 

out of the 2,727 km navigated on effort (55%); navigation Ad libitum on effort 

accounted for 1,225 km. A further 918 km were navigated off effort, mainly at night 

across strata, giving a total of 3,644 km of the overall navigation during the first survey.  

 

Navigation on transect was carried out during 19 days out of the 40 spent at sea (48%) 

with an average coverage of 79 km per day corresponding to about 5 hours of 

navigation. Distance navigated on transect per stratum is shown in Table 2.2 as well as 

the number of transects covered out of those generated by the original design. Of the 

65 lines planned during the survey design, 26 were covered more than 90%, 25 were 
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covered for at least 75% of their length, and 14 were not covered at all, corresponding 

to an average trackline coverage of 71% (Figure 2.6). 

 

Table 2.2 – Navigation (in km) on transect, expected number of transects and number of completed (in 

two categories) and not completed transects, carried out during the summer of 2010. 

Stratum km 

Number of transect 

Expected 
completed 

at 91-100% 

completed 

at 75-90% 

not 

completed 

1 461 25 15 4 6 

2 478 21 3 11 7 

3 563 19 8 10 1 

Tot 1,502 65 26 25 11 

 

 

As expected, 50% of the days were “lost” due to logistic or weather constraints, of 

which 13 days had sea conditions too rough to survey (Beaufort sea state of greater 

than 5) and eight days were used to transit to and from Hamata harbour and the 

strata. Of the 1,502 km navigated on transects, 1,103 (73%) were navigated in Beaufort 

sea state of less or equal to three, and 399 (27%) with Beaufort greater than three 

(Table 2.3). 

 

Table 2.3 - Navigation (in km) on transect divided for the sea state (Beaufort) and by two categories of 

sea state (0-3: good conditions, and 4-8 rough conditions) carried out during the summer of 2010. 

Beaufort Transect % Grouped % 

0 94 6 

73 
1 308 21 

2 236 16 

3 465 31 

4 281 19 

26 

5 111 7 

6 7 0.4 

7 - - 

8 - - 

Total 1,502 100 100 
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Figure 2.6 - Map of the study area (black line) showing the navigation carried out in the summer of 

2010. The grey solid lines represent navigation on transect; the dotted lines represent transects that 

were intended but not covered; and the light grey line represent the navigation Ad libitum (on and off 

effort). 
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2.4.2.1 Sightings and number of species  

During navigation on effort, 62 groups of dolphins were sighted of which 39 (63%) 

were obtained on transects and 23 (37%) Ad libitum. A further 28 sightings were made 

while off effort (e.g. vessel stationary on the mooring or manoeuvring without 

observers on station) for a total of 90 sighting made during the pilot survey. Six species 

of delphinids were identified: S. longirostris, S. attenuata, G. griseus, T. truncatus, T. 

aduncus and Sousa plumbea. This last species was encountered only off effort. 

Considering sighting on effort, dolphins were identified at the species level in 55 

sightings (89%), at the genus level (Tursiops spp.) in two sightings (3%) and were not 

identified on five occasions (8%). S. longirostris and S. attenuata were encountered in 

mixed groups 10 times (16%) of which in one sighting T. truncatus was also present; 

considering only sightings including Stenella spp. mixed groups accounted for 34% of 

the sightings (Table 2.4). 

 

Table 2.4 - Dolphin groups sighted during the 2010 survey listed by type of effort. Sightings made on 

effort are divided in transect and Ad libitum. 

Species 
On Effort Off 

Effort Transect Ad libitum Total 

S. longirostris 8 3 11 18 

S. attenuata 5 3 8  

T. truncatus 4 4 8 4 

T. aduncus 3 2 5 1 

G. griseus 9 4 13  

S. plumbea    2 

S. longirostris + S. attenuata 5 4 9 1 

S. longirostris + S. attenuata + T. truncatus* 1  1  

S. longirostris + T. aduncus    1 

S. attenuata + T. aduncus    1 

Tursiops sp. 1 1 2  

Unknown dolphin 3 2 5  

Total 39 23 62 28 

* T. truncatus was identified after several minutes therefore, in Chapter 4 sighting data to estimate the 

detection function will be used for Stenella spp. but not for Tursiops spp. 
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2.4.2.2 Species distribution 

Considering only sighting on effort, Stenella spp. were encountered across the whole 

study area (Figure 2.7), while T. truncatus were more concentrated north of Ras Banas 

peninsula and G. griseus and T. aduncus were mainly found in the southern stratum. T. 

aduncus were encountered mainly close to the coast and around reefs (Figure 2.8). 
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Figure 2.7 - Sightings of S. attenuata (black diamond), S. longirostris (empty diamond), of the two 

species together (black cross), and of two species plus T. truncatus (black circle) made on effort on 

transects (grey lines) and Ad libitum (pale grey line) in the summer of 2010. 
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Figure 2.8 - Sightings of T. truncatus (black circles), T. aduncus (black triangles) and G. griseus (black 

cross), made on effort on transects (grey lines) and Ad libitum (pale grey line) in the summer of 2010. 
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The distribution of the 28 sightings made off effort is shown in Figure 2.9. Fourteen 

sightings were made in Satayah lagoon, one of the resting areas present in the study 

area and included 13 sightings of S. longirostris and one with S. longirostris and T. 

aduncus occurring together. The two sightings of the same individual of S. plumbea 

occurred in the lagoon off Hamata harbour.  
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Figure 2.9 - Sightings (n=28) made off effort in the summer of 2010. S. longirostris (cross, n=18), T. 

truncatus (circle, n=4), T. aduncus (square, n=1), S. plumbea (large cross, n=2), and one sighting each of 

mixed species S. attenuata plus S. longirostris (triangle), S. attenuata plus T. truncatus (diamond), and S. 

longirostris plus T. aduncus (X). 
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2.4.2.3 Encounter rates 

Encounter rates for the five species are shown in Table 2.5. Stenella spp. were the 

species most commonly encountered, followed by G. griseus, and the two Tursiops 

species. Coefficient of variations were estimated using transects as unit and following 

the Formula 4.4. 

 

Table 2.5 - Encounter rate (ER) expressed as groups per km for the species encountered on effort during 

the summer of 2010 using only transect data and all on-effort data; n=sample size; CV=coefficient of 

variation. 

Species 

 Transect   On effort 

 
n 

ER 

(groups/km) 
CV 

  
n 

ER 

(groups/km) 
CV 

S. longirostris  14 0.0093 0.29   21 0.0077 0.25 

S. attenuata  11 0.0073 0.32   18 0.0066 0.26 

G. griseus  9 0.0060 0.33   13 0.0048 0.29 

T. truncatus  4 0.0027 0.52   8 0.0029 0.37 

T. aduncus  3 0.0020 0.60   5 0.0018 0.47 

All  39 0.0260 0.15   62 0.0230 0.12 

 

 

2.5 MODIFICATIONS TO SURVEY DESIGN AND PRACTICE 

2.5.1 Considerations after the pilot survey 

The survey carried out in the summer of 2010 confirmed the presence of the four 

target species plus G. griseus. On-effort survey also provided the first encounter rates 

for these five species in the Red Sea and the first insights into their distribution and 

patterns of occurrence. Numerous sightings made during off-effort in the internal 

lagoon of Satayah reef corroborated the initial suggestions that the reef served as a 

regular resting area for S. longirostris, the second resting area to be identified in the 

study area after Samadai (Notarbartolo di Sciara, 2009). 

  

Closing mode proved to be essential in species identification of bottlenose dolphins. T. 

truncatus and T. aduncus were very similar in body shape, colouration pattern, group 

size and behaviour and details allowing for species identification could only be 
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observed at close range (see Appendix 1 for species identification). Stenella species 

were easily recognisable from their colouration patterns and dorsal fin shape. For 

mixed species schools, closing mode proved essential to distinguish between species 

and obtain species-specific estimates of the numbers of individuals present. It was 

unlikely that closing mode influenced the number of groups detected as has been 

found for minke whales in Antarctic (Haw, 1991). We found no high density areas of 

dolphins during the survey, and dolphin groups were spatially and temporally well 

separated.  

 

This spacing of groups also helped to avoid another possible bias arising from closing 

mode. During navigation an area of sea is searched for dolphins well ahead of the 

effective position of the observation platform. At sighting, the navigation stops and the 

length of the trackline (later used in the analyses) is measured without taking into 

account the area of sea searched ahead. This can be considered a minor issue if the 

total length of these searched (and not accounted for) area of sea is small compared to 

the overall effort length. But it is a problem if sightings follow one after another and 

navigation is continually interrupted generating a smaller effort (transect length) of 

what was actually achieved and so overestimating the abundance of animals (Barlow, 

1997). In this survey, the amount searched ahead was calculated by multiplying the 

total number of sightings made on transects (n=39) and an estimated searched-ahead 

length of 1,000 m. The “missed” effort resulted in 39 km, which, being only 3% of the 

total line length, was considered unimportant.  

 

Three major practical problems emerged during the survey in 2010. The presence of 

numerous uncharted coral reefs impeded navigation near the coastal areas of the 

central and southern strata, in particular during good weather (and thus survey 

conditions) when dangerous sub-surface coral reefs were difficult to spot due to the 

lack of breaking surface waves. This substantial navigational hazard led to many near-

shore areas not being surveyed as had been planned. A second problem was that the 

tracklines tended to be too long to permit four transects to be completed in one day as 
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planned in the survey design. On most days, only three transects were completed with 

not enough daylight left to finish the fourth transect before seeking out a safe 

anchorage for the night. This lead to several transects having to be aborted (Table 2.3). 

The survey vessel also had technical issues (i.e. engine problems) leading to several 

hours of survey effort per day lost due to unplanned stops.  

 

2.5.2 Modifications to survey 

Several modifications were made to the study area and survey design to address some 

of the issues that emerged during the 2010 survey. The shape of the study area was 

modified to exclude those coastal areas where navigation was unsafe.  The new study 

area was reduced by 29% from 15,212 km2 to 10,651 km2 (Figure 2.10). The new strata 

boundaries were redefined to include when possible the boundaries of the old design. 

The new survey effort for each of the remaining four field seasons was then estimated 

to be 1,300 km (approximately 40% less than the 2010 design) considering the same 

number of days (20) available for surveying, the same vessel speed (16 km/h) and five 

hours of navigation per day instead of seven hours. A new survey design was made in 

Distance 6.1 using the parameters described above. The new design included 55 

transects systematically placed in the three strata of the new study area (21, 16 and 18 

transects in stratum 1, 2 and 3 respectively). The number of encounters expected to 

occur for each species was also estimated (Table 2.6).  

 

The expected CV for the final density estimates based on the overall effort ranged 

from 0.20 to 0.50 for all species. These CV values were comparable with values found 

in the literature for these species, at least for poorly known populations (Davis & 

Fargion, 1996; Barlow, 1997; Dolar, 1999; Mobley et al., 2000). Coefficients of variation 

smaller than 0.20 are considered very good but are rarely obtained (Wade, 1993; 

Mullin & Fulling, 2004); values larger than 0.50 are considered very imprecise (Barlow, 

2006).  
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Table 2.6 - Coefficient of variation (CV) for density estimates and expected number of sightings (n) for 

each species, estimated combining the encounter rates (ER) expressed as number of groups per km 

based on the 2010 survey and the effort obtained from the survey design. Summer effort (3,800 km) 

resulted by the sum of the 2010 survey (1,200 km) plus 1,300 km estimated for each summer of 2011 

and 2012; winter effort (2,600 km) resulted by the sum of 1,300 km each estimated for the winters of 

2011 and 2012. Formula 2.1 was used to estimate CVs.  

Species ER 

Effort  
expected number of sightings (n) 

Summer Winter Total  

3,800 2,600 6,400  Summer Winter Total 

S. longirostris 0.008 0.31 0.38 0.24  30 21 51 

S. attenuata 0.007 0.34 0.41 0.26  27 18 45 

G. griseus 0.005 0.40 0.48 0.31  19 13 32 

T. truncatus 0.003 0.51 0.62 0.40  11 8 19 

T. aduncus 0.002 0.63 0.76 0.48  8 5 13 

 

 

The minimum number of sightings required to achieve a reasonable fit of the detection 

function is considered to be 30 (Buckland et al., 2001). Under the revised survey design 

this number of sightings could be expected for S. longirostris, S. attenuata and G. 

griseus considering the total survey effort. Excluding some of the coastal zones from 

the new study area was expected to affect mostly the encounter rates, and thus final 

abundance estimates, for T. aduncus. If species-specific sample sizes were limited, 

sightings of both Tursiops species could be combined to provide more robust estimates 

(at genus level), as has been done in other studies (Wade & Gerrodette, 1992; Forcada 

et al., 2004). 
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Figure 2.10 - Study area (a) surveyed during the first survey in the summer of 2010 (15,212 km
2
) and (b) 

the revised new study area (10,651 km
2
) surveyed in 2011 to 2012. 

 

 

2.5.3 Further information 

The first survey in the new study area was planned between December 2010 and 

January-February 2011. However, only the northern stratum was covered (between 

the 4th of the 20th of December 2010) as the beginning of the Arab Spring (18th of 

December 2010) drastically changed the project plan and the history of Egypt. At the 

end of December 2010 the Egyptian military was put on state of alert by the 

government. The immediate result was that leisure navigation far from the most 

touristic areas (Hurghada and Sharm el Sheik) was forbidden and the second half of the 

winter survey was cancelled. After President Mubarak’s resignation Egypt fell into a 

period of political and social instability that is still going on nowadays. The most 

remarkable effect on the this research project were: 

a             b 
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• Vessel availability. HEPCA lost the use of the research vessel Tala. Attempts to find 

a new vessel failed and the remaining surveys were carried out aboard 4 different 

vessels. Furthermore, vessels were not available with the initial discount and the 

second winter survey was cancelled to ensure the occurrence of at least the 

summer surveys in 2011 and 2012. 

• Prices increase. The price of fuel, fresh water, harbours and internal transportation 

(re-fuelling took place from trucks at the harbours) increased from 10 to 20% of the 

original price resulting in a further reduction of the initial budget. External funds 

were looked for and the support of the Earthwatch Institute (eu.earthwatch.org) 

allowed continuation of  the survey in the summer of 2012.  
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Chapter 3 The cetacean fauna of the northern Red Sea 

3.1 INTRODUCTION 

The increase in human activities along the coasts of the Red Sea has resulted in an 

overexploitation of the marine resources in this area (PERSGA, 1998). In particular, 

marine pollution (oil, solid waste, and sewage), over-fishing and degradation of the 

coastal habitats from urban, tourism and industrial development are recognized 

threats to marine organisms, including cetaceans (Read, 2008; Hoyt, 2009; Merrick et 

al., 2009; Moore, 2009; Smith et al., 2009). The magnitude of the impact of these 

activities on cetaceans in the area cannot currently be quantified because of a lack of 

information about their occurrence, abundance and distribution.  

 

Cetaceans and other marine top predators are often considered charismatic 

megafauna of high public interest and are considered as umbrella species because 

actions made to implement their protection often result in added benefits for, and 

protection of, other organisms or even the ecosystem they depend upon (Croll et al., 

1998; Mann, 2000; Prideaux, 2003; Roberge & Angelstam, 2004; Estes et al., 2011; 

Kaschner et al., 2012). In Egypt, there is a good example of this, in which actions 

developed to protect S. longirostris dolphins using the Samadai reef as a resting area 

led not only to the protection of the entire reef but also boosted the local economy 

and promoted the value of the entire marine ecosystem  by levying an entrance-fee on 

visitors (Notarbartolo di Sciara, 2009). Such a fee-system would not have been 

implemented without the dolphins as a high profile attraction, and Samadai reef would 

have been exploited without control or community benefits, as has been the case with 

many other reefs in Egyptian waters (Cesar, 2003; Gouda, 2012). This example 

illustrates the important role dolphins can play in economic and conservation interests 
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and highlights the importance of knowledge of their presence, abundance and 

distribution. 

 

Little is known about the cetacean fauna in the Red Sea, and most data have been 

obtained opportunistically over small temporal or spatial scales (Alling, 1986; 

Leatherwood, 1986; De Silva, 1987; Frazier et al., 1987; Beadon, 1991; Weitkowitz, 

1992; Eyre, 1995; Smeenk et al., 1996; Gladstone & Fisher, 2000; Feingold, 2007; 

Notarbartolo di Sciara et al., 2009; Eyre & Frizell, 2012; Ziltener & Kreicker, 2013). Yet, 

the semi-enclosed and oligotrophic basin of the Red Sea offers an interesting system to 

study some of the ecological patterns of cetacean diversity in a tropical ecosystem. 

Cetaceans in the Red Sea are known to be part of the wider assemblage found in the 

Indian Ocean (Ballance & Pitman, 1998), from which cetacean repopulated the Red Sea 

after geological changes (see paragraph 1.5) re-opened the connection through the 

Bal-el-Mandeb Strait (Sheppard et al., 1992). The rich cetacean biodiversity found in 

the Indian Ocean (Keller et al., 1982; Small & Small, 1991; Ballance & Pitman, 1998; 

Anderson, 2005; Kiszka et al., 2007, 2010) does not seem to occur in the Red Sea, at 

least in the more oligotrophic northern part (Notarbartolo di Sciara et al., in 

preparation-b). A similar situation is known to occur between the Atlantic Ocean and 

the Mediterranean Sea; of about 28 species present in the North Eastern Atlantic, 

eight are known to be common in the Mediterranean Sea, and another five are 

observed occasionally (Notarbartolo di Sciara, 2002). 

 

This chapter provides a general summary of the cetacean surveys carried out in the 

northern Red Sea in Egyptian waters during 2010, 2011 and 2012. Sightings of all 

species are combined to produce a species-richness distribution map to identify areas 

of high species diversity. The data collected during the systematic surveys are 

combined with incidental information about cetacean encounters gathered by dive 

guides in the Red Sea, and a review of the occurrence of cetacean species in the Red 

Sea is then provided. 
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3.2 MATERIALS AND METHODS 

3.2.1 Study Area and Data collection 

The study area and data collection are described in detail in section 2.2. This chapter 

summarizes data collected during all the vessel-based surveys carried out in the 

Egyptian Red Sea including the pilot survey during the summer of 2010 (covering some 

15,212 km2), the winter survey in December 2010 covering stratum 1 of the revised 

study area, and two summer surveys carried out in 2011 and 2012 covering the entire 

revised study area (of 10,651 km2) (Figure 3.2). 

 

Navigation data included time, geographic position, and vessel speed recorded 

automatically every 10 seconds on a computer running the software Logger with an 

MS Access database (Logger 2000, International Fund for Animal Welfare) and 

interfaced with a global positioning system (GPS) Garmin GPSMAP 4008 Chartplotter. 

Other data collected included environmental variables such as wind speed and 

direction (based on the Beaufort scale and collected every 30 minutes) and the 

presence of any object floating or moving above the surface. In particular, the position, 

number and activity of any boats sighted at any distance from the research vessel were 

recorded. 

 

Whenever a sighting occurred, time, position, species, group size and group 

composition, photo-identification and behavioural data were collected. This 

information was recorded for sightings made in all conditions, including those made 

during navigation on effort (two researchers searching for dolphins, vessel speed of 8 

to 10 knots and visibility greater than 4 km), during navigation off effort, and while the 

vessel was anchored. Cetacean behaviour and photo-identification data were collected 

for a maximum of 45 minutes when sightings occurred on transect. When sightings 

were made during Ad libitum navigation or off effort, data were recorded until their 
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quality was considered satisfactory, dolphins left the area, sea conditions deteriorated 

or light levels became insufficient. 

 

3.2.2 Incidental reporting of cetacean sightings from other sources 

Concurrently with the systematic surveys, a programme aimed at gathering 

information from dive guides was developed. Participation was voluntary and those 

dive guides interested in participating were asked to collect information on large 

marine species including cetaceans, dugongs, turtles, sharks and rays, while they were 

going about their normal tour business. Sighting information was collected by 

completing a custom-designed questionnaire in paper format as the lack of internet 

connection in the diving centres and hotels (in particular in the south) hampered the 

use of a web-based form. A sighting-kit including a species identification guide and 

instructions about how to fill in the form and collect photographic/video material was 

distributed to the participants. The completed paper forms as well as the 

photographic/video material were collected whenever possible directly from the diving 

centre or were delivered to the HEPCA base in Hurghada where the information was 

transcribed into an access database. 

 

The information collected via the sighting form included the date of the sighting, its 

GPS  position, a description of the location or nearby landmarks (GPS was not available 

on the smaller boats), species description and identification where possible, group size, 

presence of calves (and if present, their number), Beaufort sea state, observation 

platform (e.g. from land, day excursion boat, or safari boat), observation mode (from 

underwater while diving, while snorkelling or from the surface), and presence (Y/N) of 

photographic/video material. The final database including all submitted records was 

filtered so that only those data supported by photographs or video recording or 

provided by a known reliable source were included in the analyses presented here.  
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3.2.3 Data Analyses 

Survey tracks and sighting data were mapped using either the exact location (GPS 

position) if given or based on the description of the sighting location for sightings 

without a GPS position. To associate the appropriate geographic position when only 

the name/description of the location was reported (usually a reef name), the 

nomenclature adopted by the website “www.wannadive.net” was used, being the 

most widely known website by the dive-guides in the region. All plotting and data 

manipulation were carried out in ArcGIS v.10.2 (Environmental Systems Research 

Institute). Species-richness maps were generated using 10x10km grid cells with the 

sighting positions for each species transformed into absence-presence data for each 

grid cell. The species-specific raster layers were combined into the overall species 

richness map using the “raster calculator” tool in ArcGIS.  

 

 

3.3 RESULTS 

3.3.1 Effort 

During the three year project, four surveys were carried out in the southern Egyptian 

Red Sea using five different safari boats (Table 3.1, Figure 3.1). Three summer surveys 

(2010, 2011 and 2012) covered the study area completely while the fourth was carried 

out in the winter of 2010 in the northern stratum only (Figure 3.2). 

 

Table 3.1 - Summary of the surveys conducted in the summers of 2010, 2011 and 2012 indicating the 

number of days and period spent at sea, and the vessel used.  

Year Nr. of days Period spent at sea Vessel 

2010 
42 

6
th

 to 27
th

 of June 
Tala 

1
st

 to 22
nd

 of August 

16 4
th

 to 20
th

 of December Makharita 

2011 38 
4
th

 of June to 3
rd

 of July Queen Anna 

21
st

 to 30
th

 of July Navigator Star 

2012 40 
10

th
 to 19

th
 of June Macy’s In 

20
th

 of June to 20
th

 of July Makharita 
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Figure 3.1 - Three of the vessels used as survey platform: Makharita (above) and Queen Anna (middle) 

and Navigation Star (below). 
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The total number of kilometres navigated during the 136 days spent at sea was 10,577 

of which 7,366 km (70%) were on effort, 2,555 km (24%) were off effort and an 

additional 656 km (6%) off effort following cetaceans (Figure 3.2, Table 3.2). In total, 

1,456 daylight hours were spent at sea, of which during 29% of the time two dedicated 

observers were searching for dolphins during navigation, during 39% of the time 

observers were watching the sea non-systematically during navigation off effort or 

while anchored, and during 32% of the time observers were collecting cetacean data 

during encounters (Table 3.2). 

 

Table 3.2 - Number of kilometres navigated on and off effort and off effort while following cetaceans 

per year; hours (time) spend during navigation on effort, during navigation off effort and while 

anchored, and while following cetaceans (considering all sightings).  

Season Year 

Effort (km) Hours 

On Off 
Off with 

cetaceans 
Total On  

Navig. off effort  

+ anchored 

With 

cetaceans 
Total 

summer 

2010 2,727 714 203 3,644 149 186 135 471 

2011 1,947 735 127 2,808 111 182 143 435 

2012 1,898 982 264 3,144 112 162 144 418 

winter 2010 795 124 62 981 51 41 41 133 

Total 7,366 2,555 657 10,577 422 571 463 1,456 

 

 

Out of the 463 hours spent with cetaceans, 74 (19%) were with sightings made during 

navigation, either on or off effort, and 389 (81%) were with encounters made while 

the vessel was anchored. Of the latter, the majority (75%) was spend in Satayah, a 

known resting area for S. longirostris. 
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Figure 3.2 - Map of the study area showing the total survey effort during the summers of 2010, 2011 

and 2012 and the winter of 2010. In pink: study area considered for the pilot survey carried out in the 

summer of 2010; in blue: study area modified after the pilot survey.  
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3.3.2 Sightings 

In the three years of the project, 245 sightings were made, of which 145 (59%) were on 

effort and 100 (41%) off effort (Table 3.3). Eight species were encountered including: 

S. longirostris (91 sightings as single species, 38 in mixed species groups), S. attenuata 

(20 sightings as single species, 34 in mixed species groups), T. truncatus (34 sightings as 

single species, six in mixed species groups), T. aduncus (17 sightings as single species, 

and six in mixed species groups with S. longirostris), G. griseus (19 sightings as single 

species and one in a mixed species group with T. truncatus), Sousa plumbea (two 

sightings), Pseudorca crassidens (one sighting) and Balaenoptera edeni (one sighting) 

(Table 3.4). 

Table 3.3 - Number of sightings made in total, on effort (on transect and Ad libitum) and off effort 

(during navigation and while anchored) in each survey period. 

Period 

Sighting  

Total 
On effort Off effort 

Subtotal On transect Ad libitum Subtotal Navigation Anchored 

Summer 2010 90 107 84 23 28 13 15 

Summer 2011 55 50 39 11 24 5 19 

Summer 2012 79 36 20 16 38 16 22 
Summer subtotal 224 75 25 50 90 34 56 

Winter 2010 21 11 7 4 10 3 7 

Total 245 145 91 54 100 37 63 

 

Table 3.4 - Number of sightings in total, for each species (single species) and in mixed groups with other 

species. The last column indicates the total number of times the species was observed. Other: un-

identified sightings or those only identified to genus level: this includes one sighting of Stenella spp., 

seven sightings of Tursiops spp. and 11 sightings of unknown cetaceans. 

Species Alone 

Mixed No. of times 

a species was 

encountered 

S. 

longirostris 

S. 

attenuata 

T. 

truncatus 

T.  

aduncus 

G. 

griseus 

S. attenuata 

S. longirostris 

T. truncatus 

S. longirostris 91  29  6  3 129 

S. attenuata 20 29  2   3 54 

T. truncatus 34  2   1 3 40 

T. aduncus 17 6      23 

G. griseus 19   1    20 

P. crassidens 1       1 

S. plumbea 2       2 

B. edeni 1       1 

Other 19       19 

Subtotal 204 41 
289 

Total   245 
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Out of the 100 sightings made while off effort, 37 were made during transit between 

locations (strata, transects or while moving to/from a reef). The other 63 sightings 

were made while anchored at offshore reefs and one was made while anchored near 

the coast: 40 sightings occurred in Satayah reef, 8 in Abu Fandira, 7 in Abu Tess and 7 

in reefs dispersed across the study area. Satayah, Abu Tess and Abu Fandira were 

identified as resting areas for S. longirostris. The presence of the species in Satayah 

was known, while Abu Fandira and Abu Tess resting areas were identified during this 

project. The other species encountered in these resting areas were T. aduncus 

(encountered six times in Satayah in mixed groups with S. longirostris) G. griseus (2 

sightings, one each in Abu Tess and Abu Fandira), B. edeni (1 sighting in Abu Fandira). 

 

A total of 21 (9%) sightings were made in the winter (Table 3.3) in the northern part of 

the study area and included three species: S. longirostris (13 sightings as a single 

species and two with S. attenuata), S. attenuata (two sightings with S. longirostris), and 

T. truncatus (three sightings). In the remaining three sightings, species were not 

identified. Eight out of thirteen sightings of S. longirostris were made while anchored 

in Satayah.  

 

3.3.3 Group size 

The average group size for each species is summarized in Table 3.5. Results were 

reported for sightings made during navigation (on and off effort) and sightings made 

while the vessel was anchored revealing that, for S. longirostris, group size was 

significantly larger inside resting areas than in the open ocean (Wilcoxon test, W=3133, 

p<<0.01). For T. aduncus, group size showed the opposite trend compared to S. 

longirostris, with smaller group sizes estimated inside the resting areas than outside 

but the difference was not statistically significant (Wilcoxon test, W=28, p=0.34). 

Sample size for G. griseus was too small to draw any reasonable conclusions.  
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Table 3.5 - Number of sightings (n), average group size and standard deviation (SD) for each species 

considering all the sightings (overall), sightings made during navigation (on and off effort) and sightings 

made while anchored. * During two sightings of S. longirostris group size was not estimated. 

Species 
Overall Navigation Anchored 

n Mean SD n Mean SD n Mean SD 

S. longirostris 127* 43.0 36.13 76 29.6 30.67 51 63.0 34.61 

S. attenuata 54 40.8 39.14 53 39.7 38.57    

T. truncatus 40 6.0 4.77 39 6.0 4.83    

T. aduncus 23 6.3 5.06 15 7.9 5.63 8 3.5 1.69 

G. griseus 20 6.1 4.61 18 5.9 4.84 2 7.5 0.71 

P. crassidens 1 25        

S. plumbea 2 1        

B. edeni 1 1        

 

 

Considering the sightings made during navigation, the species most commonly 

observed was S. longirostris with 76 sightings followed by S. attenuata with 53 

sightings (Table 3.5). These two species also had the largest recorded group sizes with 

means of 29.6 (SD=30.67) and 39.7 (SD=38.57) individuals per group, respectively. T. 

truncatus was the third most commonly encountered species with 39 sightings during 

navigation followed by G. griseus and T. aduncus with 18 and 15 sightings, respectively. 

Group sizes of Tursiops spp. and G. griseus showed similar values ranging (mean group 

size Tursiops spp. = 6; G. griseus = 8) (Table 3.5).  

 

P. crassidens and B. edeni were encountered only once in open water and around Abu 

Fandira, respectively. The same individual of S. plumbea was encountered twice on the 

12th and the 21st of August 2010 inside Hamata lagoon (where the harbour is located). 

People working at Hamata harbour reported that one solitary individual (possibly the 

same) was seen in the lagoon for at least a two week period in August 2010 although 

they were unable to state if this was an isolated case or a more regular occurrence. 

The presence of B. edeni in the southern stratum was reported as “common” in the 

summer season by the base-leader of the Abu Ramad Navy base. A more regular 

occurrence of P. crassidens in the area around Zabargat Island was suggested by 

several of the dive guides who visited this southern area during diving trips.   
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3.3.4 Species distribution 

The distribution of sightings of the eight species encountered during the surveys is 

shown in Figure 3.3 for Stenella spp., in Figure 3.4 for Tursiops sp. and in Figure 3.5 for 

G. griseus, P. crassidens, S. plumbea and B. edeni. Stenella spp. sightings were evenly 

distributed across the study area. T. truncatus sightings were mainly concentrated in 

the area around Satayah and Ras Banas while T. aduncus sightings were mainly made 

in the southern part of the study area. G. griseus was sighted almost exclusively in 

stratum 3 with only one sighting also made around the reef system of St Jones.  
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Figure 3.3 - Sighting distribution of S. attenuata (X) and S. longirostris (circle). Sightings were made 

during navigation on and off effort and while anchored. Surveys were carried out in the summers of 

2010, 2011 and 2012 and during winter 2010 (only stratum 1).   
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Figure 3.4 - Sighting distribution of T. aduncus (circle) and T. truncatus (X). Sightings were made during 

navigation on and off effort and while anchored. Surveys were carried out in the summers of 2010, 2011 

and 2012 and during winter 2010 (only stratum 1).   
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Figure 3.5 - Sighting distribution of G. griseus (X), P. crassidens (pushpin), S. plumbea (thick cross) and B. 

edeni (black circle). Sightings were made during navigation on and off effort and while anchored. 

Surveys were carried out in the summers of 2010, 2011 and 2012 and during winter 2010 (only stratum 

1).   
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3.3.5 Spatial overlap of species richness and human activities 

The species-richness distribution map indicates that four areas might be important for 

three or more species: Satayah and the nearby offshore reefs (a system known as Fury 

Shoal), the waters off Ras Banas peninsula, St Jones system, and Abu Fandira (Figure 

3.6). With the exception of Ras Banas, offshore reefs appeared to be used by six out of 

the eight species encountered including Stenella spp., Tursiops spp., G. griseus and B. 

edeni. The distribution of S. longirostris and S. attenuata spanned the entire study area 

and both species were found in mixed species groups in 34% of the sightings made 

during navigation on effort.  
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Figure 3.6 - Species-richness map for the eight species encountered during the surveys carried out in the 

summers of 2010, 2011 and 2012 and during winter 2010 (only stratum 1). Grey cells show where effort 

occurred.   
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3.3.6 Distribution of human activities 

Evidence of human activities in the study area was recorded during the surveys as the 

number of vessels visible around the survey vessel. Other signs of anthropogenic 

impacts were associated with the coral reefs (such as areas where corals were reduced 

to pebbles, Tridacna shell “cemeteries”, abandoned fishing gear including nets and 

fishing lines, and coral blocks broken as a consequence of anchoring) but there was no 

evidence that these effects constituted direct or indirect threats to cetaceans. 

 

During navigation on effort, a total of 109 vessels were recorded in the study area: 

tourism vessels (safari or daily boats) (41%), fishing boats (53%), large cargo ships (5%) 

and military vessels (1%). Tourism and fishing boats were mainly found in areas of 

higher species richness where Stenella spp. and Tursiops spp. were common such as 

Satayah and St Jones (Figure 3.7). 
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Figure 3.7 - Species-richness map for the eight species. Distribution of vessels across the study area 

encountered during the surveys carried out in the summers of 2010, 2011 and 2012 and during winter 

2010 (only stratum 1) with a) cargo, military and tourism vessels, and b) fishing vessels. Grey cells show 

where effort occurred.   

 

The only fishing vessels observed were small wooden boats of less than 10 m in length 

and powered with inboard or outboard engines (Figure 3.8). The fishing methods 

observed included longline (i.e. for carangids, barracuda) and trammel nets (i.e. for 

coral fish, mainly used as baits or neritic fish). When anchored, fishermen were also 

witnessed collecting different species of shell while walking on the flat reef and, during 

the night, diving activities, presumably to collect sea-cucumbers, were sometime 

observed. This last activity is illegal in the Red Sea (Lawrence et al., 2004). Fishing 

vessels were concentrated around and to the north of the Ras Banas peninsula (Figure 

3.7 - b). 
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Figure 3.8 - Example of traditional fishing boat generally encountered in the study area in 2010, 2011 

and 2012. 

 

 

3.3.7 Distribution of sightings reported by dive guides in Egyptian waters of the Red 

Sea 

In total, 94 sightings of eight species were reported by dive guides from diving trips in 

Egyptian waters of the Red Sea from 2004 to 2014. The eight species identified were S. 

longirostris, T. truncatus, T. aduncus, G. griseus, P. crassidens, S. plumbea, B. edeni, 

and M. novaeangliae (Table 3.6). 

 

The most sighted dolphin species was T. aduncus followed by S. longirostris (Figure 3.9 

and Figure 3.10). During 17 sightings Tursiops spp. were only identified to genus level 

suggesting that distinguishing the two species at sea is difficult for non-experts. S. 

attenuata was never identified but observation effort was not evenly distributed in the 

region and the species was likely to have been missed or mistaken likely with S. 

longirostris rather than have been absent.  
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Table 3.6 - Number of sightings for each species encountered during diving trips in the Egyptian waters 

from 2004 to 2014. 

Species No. of sightings 

S. longirostris 17 

T. truncatus 1 

T. aduncus 39 

G. griseus 5 

P. crassidens 6 

S. plumbea 3 

B. edeni 1 

M. novaeangliae 5 

Tursiops spp. 17 
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Figure 3.9 - Distribution of sightings of B. edeni (X), G. griseus (triangle), P. crassidens (diamond), M. 

novaeangliae (bolt), S. plumbea (thin cross), and T. truncatus (thick cross), reported from dive guides 

during diving trips in Egyptian waters of the Red Sea from 2004 to 2014.  
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Figure 3.10  - Distribution of sightings of S. longirostris (X), T. aduncus (open circle) and Tursiops spp. (+) 

reported from dive guides during diving trips in Egyptian waters of the Red Sea from 2004 to 2014. 
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3.4 DISCUSSION 

In the southern Egyptian Red Sea, eight species of cetaceans were present of which 

four (S. longirostris, S. attenuata, T. truncatus and T. aduncus) were commonly 

encountered, one (G. griseus) was rare in some areas (northern and central strata) but 

common in others (southern stratum) and three (P. crassidens, S. plumbea, B. edeni) 

were rare. Observations gathered from several dive guides operating in the Egyptian 

Red Sea confirmed the presence of the eight species encountered in the study area 

and added a ninth species M. novaeangliae. These observations also suggested that G. 

griseus, P. crassidens and T. aduncus are commonly encountered in the waters 

southern of Sinai peninsula and off Hurghada and Safaga (Figure 3.9). The northern 

sightings of M. novaeangliae should not be taken as indication of the species’ 

distribution. It is likely that M. novaeangliae enter only occasionally in the Red Sea 

from the Indian Ocean and  it is observed in the northern part due to the present of a 

mass tourism absent elsewhere in the basin.  

 

3.4.1 Human activities related to cetacean presence 

Tourism activities in the form of swimming with dolphins are known to have 

substantial effects on S. longirostris and T. aduncus (Courbis, 2007; Notarbartolo di 

Sciara et al., 2009). This subject is not discussed further here because it is the topic of 

the PhD thesis of Maddalena Fumagalli at the University of Otago, NZ. However, there 

is no evidence that tourist activities outside the resting areas could be a problem for 

cetaceans: swimming with dolphins in the open sea is carried out only on the (rare) 

days of good sea conditions and is usually short in duration due to the presence of 

sharks. Dolphin watching activities occur incidentally during boat-based trips usually 

when the dolphins approach the vessels to bow-ride and, these interactions are usually 

short-lived (not more than 15 minutes) due to the rigid activity schedule imposed by 

boat-trips (personal observations). Outside the resting areas, overlap between species-

rich areas and tourist activities is very limited (Figure 3.7 - a) and there is no evidence 
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that they could constitute any threat to any of the cetacean species present in the Red 

Sea. 

 

Is not clear what kind of impact the fishing activities observed in the study area might 

have on cetacean species. In a recent paper, Rouphael et al. (2013) conducted a 

questionnaire survey to investigate the effectiveness of Wadi El Gemal-Hamata and 

Gebel Elba national parks (see Chapter 2 section 2.2) for the protection of dugongs and 

sea turtles and other large marine species. None of the people interviewed reported 

cetaceans caught in fishing net or fishing line (T. Rouphael, personal communication). 

However, Amina Cesario who conducted an underwater photo-identification study on 

S. longirostris using Samadai as resting area, reported one individual with hooks and 

fishing line around its body (A. Cesario, personal communication). The animal was 

swimming slowly and Cesario was able to approach it and cut part of the fishing line 

before the animal moved away.  

 

In the summer of 2011, two Yemeni fishing boats were spotted at some kilometres of 

distance by the crew of the research vessel (artisanal boats from Yemen are easily 

recognised by their distinctive shape). The military were informed by HEPCA and a 

patrol vessel was able to track down and arrest the fishermen. The rangers of the 

Egyptian Environmental Affairs Agency (EEAA) were called to identify the sharks caught 

by these illegal fishing vessels. A report is not available but the ranger said than more 

than 70 sharks were caught (B. Morise personal communication). He also reported that 

dolphins had been caught in Egyptian waters to be used as shark bait, but this 

suggestion remains speculative.  

 

While the effects of tourism and fishery activities could be of concern in  the resting 

areas, dolphins encountered in open waters do not seem to be exposed to  high levels 

of human activity (other than via general ecosystem effects resulting from ocean 

warming and acidification). However, in the southern part of the study area, where 

two relative large fishing villages are present (Shalatin and Abu Ramad – see Figure 
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2.1), the coastal zones were not surveyed as they were too shallow and, thus, as of yet 

unidentified threats might be present suggesting the importance of further 

monitoring. Due to the fact that the areas of Ras Banas and south Shalatin are 

inaccessible by foreigners, one approach for effective monitoring could be interviews 

of the local fishermen carried out by the ranger of EEAA.  

 

3.4.2 Species presence in the Red Sea and nearby waters 

The nine species identified during the three-year survey period and with the 

monitoring programme have been previously reported as present in the Red Sea by 

several authors (Table 3.7 see Notarbartolo et. al., in preparation for the complete list 

of references).  

 

M. novaeangliae was not encountered in the study area in the southern Egyptian Red 

Sea. The sightings reported by dive guides were all made in the north, around Sinai 

peninsula or off Hurghada (see Figure 3.9) where tourist activities are highly 

concentrated and it is unlikely that the presence of a large cetacean would go 

unnoticed. In the literature, the presence of M. novaeangliae in the Red Sea remained 

unclear until one individual was photographed in the Aqaba Gulf (Debelius, 1998). 

After that date, sporadic sightings were reported all in the northern part of the Red 

Sea (Notarbartolo di Sciara et al., in preparation-b). It is likely that the individuals 

entered the Red Sea from the Indian Ocean through the Bal-el-Mandeb Strait and 

possibly followed the main northerly current to the end of the basin where they were 

sighted. Because no strandings were reported along the northern coast of Egypt where 

whales were reported, it is possible that the animals moved south-west as also 

suggested by  two sightings in 2009, the first off Hurghada on 16th of April and the 

second on 25th of April off Safaga (about 70 km south of Hurghada). The lack of 

observations of this species in the southern part of the Red Sea seems to confirm that 

M. novaeangliae might be only occasionally present in the Red Sea. It remains unclear 

if the individuals observed in the Red Sea belong to the endangered non-migratory 

subpopulation described for the Arabian Sea (Minton et al., 2008; Minton et al., 2011; 
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Pomilla et al., 2014) or to the wider stock of the south-western Indian Ocean (Ersts & 

Rosenbaum, 2003; Ersts et al., 2011; Findlay et al., 2011). 

 

Table 3.7 - List of published sources reporting the presence of one or more species observed in the Red 

Sea during this project. The last row details the number of time a species was reported (including the 

symbols x and x**). Sl: S. longirostris; Sa: S. attenuata; Tt: T. truncatus; Ta: T. aduncus; Gg: G. griseus; Pc: 

P. crassidens; Sp: S. plumbea; Be: Balaenoptera edeni; Mn: M. novaengliae; Ba: B. acutorostrata; Dsp: 

Delphinus sp.; Dc: D. capensis; Fa: Feresa attenuata; Gm: G. macrorhynchus; Gsp: Globicephala sp.; Oo: 

Orcinus orca; Pe: Peponocephala electra; Pm: Physeter macrocephalus; Sb: Steno bredanensis; Sc: S. 

coeruleoalba. 

Reference Sl Sa Tt Ta Gg Pc Sp Be Mn Other 

Anonymus (1950)        x   

Pilleri and Gihr (1972)   x? x   x    

Robineau (1981)        x   

Robineau and Rose (1983) x          

Robineau and Rose (1984) x     x     

Alling (1986)   * *  x *    

Leatherwood (1986) x  x x x x x x  Ba, Dsp 

Evans (1987)  x x  x x x**   Oo, Sb 

Gilpatrick et al. (1987) x x         

Frazier et al. (1987)  x x x x x x**   Oo, Sb 

De Silva (1987) x x x  x  x** x  Ba 

Beadon (1991)  x x x x x x**    

Leatherwood and Donovan (1991)      x    Gsp 

Kruse et al. (1991)     x?      

Weitkowitz (1992)   x x x x x   Pm 

Eyre (1995) x x x  x      

Smeenk et al. (1996) * x * *      Dc 

Baldwin et al. (1998) x x x x x x x**   Dsp, Gsp, Oo, Sb, Sc 

Debelius (1998) x  x  x x   x Oo 

Baldwin et al. (1999) x x x x x x x** x x? Ba, Dsp, Gsp, Oo, Sb, Sc 

Gladstone and Fisher (2000) x  x    x x  Oo 

Baldwin et al. (2002)       x    

De Boer et al. (2002) x x x x x x x**   Dc, Oo, Sb  

Baldwin (2003) x x x x x x x** x x Dc, Gm, Oo, Pm, Sb, Sc 

Feingold (2007) x x x x x x     

Notarbartolo di Sciara et al. (2007) x x x x x x x** x x Dsp, Fa/Pe, Gsp, Oo, Pm, Sb, Sc 

Mizrahi et al. (2009)    x       

Notarbartolo di Sciara et al. (2009) x          

Eyre and Frizell (2012) x x x x x      

Ziltener and Kreicker (2013)    x       

Total 15 14 15 14 14 14 14 7 4  

* Only genus reported. ** Reported as Sousa chinensis. x? Not confirmed. 

 

 

B. edeni is known to be regularly observed in the southern part of the Red Sea 

(Sheppard et al., 1992; Gladstone & Fisher, 2000). Nutrient-rich waters from the Indian 

Ocean flow northward into the Red Sea, but do not reach further north than the 

southern limit of the study area. Thus, lack of food availability might be a limiting 

factor to a more northerly distribution of B. edeni in the Red Sea, although some 
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strandings have occurred in the Gulf of Suez (Anonymus, 1950; De Silva, 1987; 

Notarbartolo di Sciara et al., in preparation-b). B. edeni is known to occur regularly  in 

the Gulf of Oman (Small & Small, 1991; Baldwin et al., 1999) and the Indian Ocean 

(Ballance & Pitman, 1998; Ballance et al., 2001; Anderson, 2005) from the African 

coasts to India  (Ballance et al., 2001). The taxonomy of the species is complex and 

unresolved (Kershaw et al., 2013), and there are currently insufficient data to 

speculate about the status of a B. edeni population in the Red Sea.  

 

S. plumbea was considered distinct from S. chinensis only recently and in the literature 

the two names are often used synonymously (Frère et al., 2008; Mendez et al., 2013). 

In the Red Sea, the species was identified earlier than other species (Pilleri & Gihr, 

1972), likely due to its preferences for shallow and coastal waters (Jefferson & 

Karczmarski, 2001) that make these dolphins observable without the use of vessels. 

Although not abundant, the species was described as present in the northern part of 

the Red Sea (Beadon, 1991), including the Gulf of Suez and the Great Bitter Lake (Suez 

Canal) (Pilleri & Gihr, 1972). The few sightings made in the northern part of the Red 

Sea seem to confirm the presence of the species, although it is not clear if the low 

number of sightings is related to the species’ abundance or resulted from lack of 

overlap between the range of the species and the areas frequented by tourists.  

 

Around Hurghada, daily tourism activities are concentrated in near coastal areas while 

diving trips target few particular offshore reefs (mainly where wrecks are present) 

leading to lack of observation effort in the coastal areas more north and in the shallow 

waters around the Northern Islands. A survey in these areas should be plan in order to 

gather more information about the presence and distribution of S. plumbea.    

 

During the systematic surveys made in this study in the southern Egyptian Red Sea only 

two sightings of S. plumbea were made. The coastal part of the southern strata 

(stratum 2 and 3) could be suitable habitat for S. plumbea being characterized by 

shallow waters, sandy bottom with seagrass beds and mangrove areas. However, 
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these nearshore habitat  could not be surveyed due to prevalence of navigation 

hazards such as uncharted shallow areas and pinnacles (see Chapter 2 section 2.2).  In 

the future a survey in these coastal areas south of Ras Banas should be organised with 

the use of smaller vessel.  

 

In the southern part of the Red Sea, S. plumbea is described as relatively abundant in 

particular around Farasan Island (off the southern coast of Saudi Arabia - Figure 1.1) 

(Gladstone & Fisher, 2000). In the Gulf of Aden, the species is known to be commonly 

present in Djiboutian and Yemeni waters (Alling et al., 1982; Robineau & Rose, 1984; 

Leatherwood, 1986), along the coast of Somalia (Small & Small, 1991) and along the 

coast of Oman (Baldwin & Salm, 1994). 

 

The presence of P. crassidens in the Red Sea is reported mainly in the northern part of 

the basin in particular southern of Sinai peninsula and off Hurghada (Table 3.7). This 

area has the highest concentrations of tourist activities (EEAA, 1998; Cesar, 2003) 

suggesting that the reported sightings are more the result of intense effort than a high 

number of individuals present. In the study area, P. crassidens was encountered once 

in three years confirming that the species is present but rare. Sightings reported for 

the centre of the basin (Alling, 1986) seem to suggest that the species might have a 

pelagic distribution gathering around the few isolated islands present (Brother Islands 

and Zabargat and Rocky Island – see Figure 3.9), where food resources are potentially 

more available. In the southern part of the Red Sea, P. crassidens has been observed 

around the Dahlak Archipelago, Eritrea (Roghi & Salvadori, 1956) and in the Strait of 

Bal-el-Mandeb that connects the Red Sea to the Gulf of Aden (Robineau & Rose, 1984). 

In the Gulf of Aden the species has been observed in pelagic waters (Alling, 1986), 

along the Somali coast (Small & Small, 1991) and around the Socotra archipelago 

(Ballance & Pitman, 1998).  

 

In the study area, G. griseus was mainly observed south of the 23°N parallel, except for 

one sighting made in the St Jones islands by the dive guides (Figure 3.9). Diving trips 
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infrequently reach St. Jones, which might explain the lack of observations from the 

southernmost Egyptian waters. The presence of G. griseus in the centre of the basin 

was reported by Kruse et al. (1991) (no location indicated) and by Weitkowitz (1992) 

with two sightings, the first a few kilometres south of Daedalus reef and the second 

along the coast of Saudi Arabia (Figure 3.9). Some observations were made south of 

Bal-el-Mandeb Strait (Alling, 1986), in the Djiboutian waters (Robineau & Rose, 1984) 

and in the Gulf of Aden along the Somali coast (Kruse et al., 1991; Small & Small, 

1991). In summary, G. griseus appear to be present in certain parts of the Red Sea 

(southern of the Sinai peninsula, stratum 3 in the study area), where it ranks as one of 

the most common cetacean species (Frazier et al., 1987; Beadon, 1991; Feingold, 

2007) and absent or rare from others. 

 

Despite the taxonomic uncertainty surrounding the genus, two species of Tursiops (T. 

truncatus and T. aduncus) have been described as common in the Red Sea by several 

authors (Table 3.7). T. aduncus appears to be widely distributed along the Egyptian 

coasts of the Red Sea including the Gulf of Aqaba and Suez (Notarbartolo di Sciara et 

al., in preparation-b). The holotype skull of the species was collected in 1825 in the 

Dahlak Archipelago, Eritrea by Hemprich and Ehrenberg (1832). Ziltener and Kreicker 

(2013) have been studying a group of 119 dolphins since 2009, suggesting that the 

population might be resident year-round in the waters off Hurghada. In the study area, 

T. aduncus was encountered mainly in the southern strata where the shallow waters 

preferred by the species were more abundant. Offshore, in the central part of the Red 

Sea, T. aduncus was observed by Weitkowitz (1992) and Eyre and Frizell (2012) but 

most observations of this species were made close to shore or reefs. The species has 

also been reported from the southern part of the Red Sea off the Zubayr islands 

(Yemen; 15°6’N, 42°8’E - Weitkowitz, 1992) but the description of the dolphins’ 

colouration pattern and the large group size estimated during the encounters suggest 

that it might have been confused with S. longirostris. The possible presence of T. 

aduncus in the Farasan Islands (Saudi Arabia – see Figure 1.1) was discussed by 
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Gladstone and Fisher (2000). Outside the Red Sea, T. aduncus was commonly found in 

the Djiboutian waters (Robineau & Rose, 1984). 

 

T. truncatus has been observed regularly in coastal waters of the south-eastern Sinai 

peninsula (Beadon, 1991) and has also been reported from the Gulf of Aqaba 

(Feingold, 2007), but not in the shallow Gulf of Suez (Notarbartolo di Sciara et al., in 

preparation-b). The species has been observed offshore in central parts of the Red Sea 

(Weitkowitz, 1992; Eyre, 1995; Eyre & Frizell, 2012), although taxonomic uncertainty 

exists for most sightings reported as Tursiops spp. (Alling, 1986). This information, 

combined with the records obtained by the dive guides in Daedalus reef and Zabargat 

(Figure 3.10), suggests that the species might prefer pelagic waters and offshore 

reefs/islands surrounded by deep waters. In the southern Red Sea, the species was 

reported in the Farasan Islands (Gladstone and Fisher (2000), although species 

identification was questioned. T. truncatus can be considered as a common species in 

the Red Sea although with a patchy distribution. T. truncatus has been recorded in 

Djiboutian waters (Robineau & Rose, 1984) and along the coast of Somalia (Small & 

Small, 1991). 

 

S. longirostris and S. attenuata appear widely distributed in the Red Sea, including 

Egyptian waters  and the Gulf of Aqaba (Feingold, 2007) but not the Gulf of Suez (Table 

3.7). Sightings and stranded remains have been reported for the central (Leatherwood, 

1986; Eyre, 1995; Eyre & Frizell, 2012) and southern parts (Smeenk et al., 1996; 

Gladstone & Fisher, 2000) of the Red Sea as well as in Djiboutian waters (Robineau & 

Rose, 1984)  and along the Somali coast (Small & Small, 1991). 

 

The nine species discussed in the previous section are those observed in the study area 

and the northern part of the Red Sea. In the central and southern parts of the basin a 

further eight species have been reported in the literature. These include: B. 

acutorostrata; Delphinus sp., identified by Smeenk et al. (1996) as D. capensis crf. 

tropicalis; Globicephala sp., possibly identified as G. macrorhynchus (Baldwin, 2003; 
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Notarbartolo di Sciara et al., 2007); Orcinus orca; Physeter macrocephalus; Steno 

bredanensis; S. coeruleoalba; and one sighting of black dolphins identified either as 

Feresa attenuata or Peponocephala electra (Notarbartolo di Sciara et al., 2007). In an 

ongoing review of the cetacean species of the Red Sea, Notarbartolo di Sciara et al. (in 

preparation-b) collated credible evidence to support the presence of three species (D. 

capensis, G. macrorhynchus and Orcinus orca) while evidence was not substantiated 

for the other species (Feresa attenuata, Peponocephala electra and Physeter 

macrocephalus), although these latter have been observed south of Bal-el-Mandeb 

Strait and in the Gulf of Aden (Robineau & Rose, 1984; Alling, 1986; Small & Small, 

1991; Eyre & Frizell, 2012).  

 

The greater diversity observed in the southern Red Sea is likely related to the influx of 

nutrient-rich waters from the Indian Ocean during the winter months (see Chapter 1 

section 1.5) and to the possible presence of vagrant individuals, as observed for 

example in the Mediterranean Sea (Notarbartolo di Sciara, 2002).   

 

 

3.5 CONCLUSIONS 

This chapter has provided a detailed description of the cetacean fauna in the Red Sea 

using a range of sources, including published papers and reports, previously 

unreported incidental sightings from tour operators and data from the first ever 

systematically conducted cetacean surveys in Egyptian waters during 2010, 2011 and 

2012. Eight delphinids species appear to be present regularly in the entire Egyptian 

Red Sea with occasional observations of M. novaeangliae. In the following chapters, 

the systematically collected line-transect survey data presented here are used to 

estimate the abundance of the five most commonly encountered species (Chapter 4) 

and to investigate their spatial distribution (Chapter 5 and Chapter 6). The information 

provided in this chapter provides baseline knowledge about cetacean occurrence in 

the Red Sea which is important for the development of monitoring and management 
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strategies, in particular for the two designated national parks Wadi El Gemal-Hamata 

and Gebel Elba (Figure 2.1).  
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Chapter 4 Design-based abundance estimates for delphinids 

in the southern Egyptian Red Sea 

4.1 INTRODUCTION 

The need for accurate and precise estimates of abundance of animals has been 

recognized as an essential tool to understand their biology and to assess the status of 

populations considered as threatened (Hammond et al., 2002). As discussed in Chapter 

2, line transect sampling is often the best method to estimate animal abundance and 

density, in particular when dealing with highly mobile and widely distributed 

organisms such as cetaceans (Hammond, 2010). Line transect surveys targeting 

cetaceans are quite expensive and have been carried out in many oceans and seas 

surrounding the richest countries including the North Sea and northeastern Atlantic 

Oceans (Hammond et al., 1995; Hammond et al., 2002; Hammond et al., 2013), the 

Mediterranean Sea (de Segura et al., 2006; Panigada et al., 2011; Lauriano et al., 

2014), the eastern tropical Pacific Ocean (ETP) (Gerrodette & Forcada, 2005), 

Californian waters (Carretta et al., 2001), Gulf of Mexico (Mullin et al., 2004; 

Campagna et al., 2011), Hawaii (Mobley et al., 2000; Barlow, 2006), and New Zealand 

(Dawson et al., 2004).  

 

In the Red Sea, systematic surveys have never been carried out. In 1981, Alling (1986) 

collected the first data focused on cetaceans while heading to the Indian Ocean to 

gather information after the declaration of the Indian Ocean as a sanctuary for whales 

in 1979. Since then, cetacean studies in the Red Sea have been carried out sporadically 

and include three other surveys crossing the basin longitudinally (Weitkowitz, 1992; 

Eyre, 1995; Eyre & Frizell, 2012) and a few other studies in the northern part of the 

Red Sea (Beadon, 1991; Notarbartolo di Sciara et al., 2009; Ziltener & Kreicker, 2013) 

or in the southern part (Smeenk et al., 1996; Gladstone & Fisher, 2000). 
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The need for knowledge about abundance and distribution of cetaceans in the Red Sea 

is considered a priority by the Regional Organization for the Conservation of the Red 

Sea and Gulf of Aden (PERSGA) (PERSGA, 1998, 2004). In the last few decades, the 

growth of human populations living around the Red Sea together with the rapid 

economic development of its coastal area has led to an increase in several human 

activities whose impacts are evident along the coast and in the sea (see Chapter 1, 

section 1.6). What is unknown is the direct or indirect impact that these human 

activities might have or will have on the cetacean populations present.  

 

The Red Sea represents one of the best examples worldwide of a semi-enclosed sea, 

being almost completely surrounded by land. In contrast to other semi-enclosed basins 

(such as the Mediterranean and the Black Sea), the land around the Red Sea is a desert 

with almost no rain and no permanent rivers. This condition makes the area one of the 

most saline, warm and least productive bodies of water in the entire world and it is 

likely that the cetacean assemblage observed might be strongly influenced by these 

features (Edwards & Head, 1987).  

 

Eight species were identified as present in the study area (see Chapter 3) of which five 

were commonly encountered (Stenella longirostris, S. attenuata, Tursiops truncatus, T. 

aduncus and Grampus griseus). These species are considered here as “target” species 

because the number of encounters was compatible with the requirements of line 

transect methods used to estimate abundance in this chapter (see Chapter 2, section 

2.1.1).  

 

In the Egyptian waters of the Red Sea, the main problems due to human activities are 

related to tourism in form of unplanned coastal development, extensive dredging and 

filling, destruction of coral reefs, mangrove areas, and seagrass beds, sewage and solid 

waste discharge, disturbance to wildlife and habitats by tourists, and illegal collection 

for the souvenir trade (UNEP-PERSGA, 1997; PERSGA, 1998; Cesar, 2003; Hilmi et al., 

2012). Other problems are related to the oil industry in the Gulf of Suez (navigation 
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risks, oil production and transport) and to fisheries (FAO, 2010-2014). The two 

protected areas along the southern Egyptian coast (as well as three others in the 

northern Red Sea, Ras Muhammad National Park in the south of Sinai Peninsula and 

Nabq Protected Area, Taba Protectorate and Abu Galum Protectorate in the Gulf of 

Aqaba) were established to try to stop the development of the coast and preserve 

some areas (Gouda, 2012).  

 

The primary objective in this chapter was to estimate density and abundance of the 

target dolphin species in the southern Egyptian Red Sea. Abundance and density, as 

well as group size and associations among species were compared and discussed. 

Three vessel-based surveys using line transect methods were carried out in the 

summers of 2010 (pilot survey), 2011 and 2012. Detection probabilities were 

estimated by pooling data from species with similar characteristics that were believed 

to affect their sightability (as often done when dealing with least-common cetacean 

species). The abundance estimates provided in this study are the first ever obtained for 

the Red Sea and, particularly important for the study area, will allow development of a 

conservation strategy for the southern Egyptian Red Sea where management plans for 

the two protected areas established in the mid-90s have never been implemented (see 

Chapter 2.2).  

 

 

4.2 MATERIALS AND METHODS 

4.2.1 Study Area 

The study area is fully described in Chapter 2.2. In this chapter, the study area surface 

considered was 10,651 km2 and boundaries were identified after the pilot survey was 

carried out in the summer of 2010 (Chapter 2.5.2, Figure 2.10 for a detailed 

description of the study area boundaries).  
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4.2.2 Data Collection 

The field methods used for data collection are described in detail in Chapter 2.4.1. 

Three survey replicates were carried out over the study area in the summers of 2010 

(from the 6th to the 27th of June and from the 1st to the 22th of August), 2011 (from the 

4th of June to the 3rd of July and from the 21st to the 30th of July), and in 2012 (from the 

10th of June to the 20th of July). A winter survey was also carried out in December of 

2010 in the northern stratum (see Chapter 3.3) and these data were used only to 

estimate the detection function (see section 4.2.4.2). Five research vessels (Safari 

boats) were used with a cruising speed of 8.5 knots and eye-level observation at about 

8 m from the sea surface. Navigation effort was measured as the kilometres travelled 

with adequate sighting conditions (good visibility, speed ranging from 7.5 to 9.5 knots, 

two primary observers searching for dolphins) and time and position (latitude and 

longitude) were collected every 10 seconds on a computer running the software 

Logger with an MS Access database (Logger 2000, International Fund for Animal 

Welfare). Sea state (as Beaufort scale), effort category (Ad libitum or on transect – see 

Chapter 2.4.1) and number of transect were also recorded.  

 

At sighting, closing mode was applied and dolphins were approached to estimate 

group sizes and collect behavioural and photo-identification data. Two primary 

observers were searching for dolphins and in 2011 and 2012 a second observation 

platform was added with the intention to estimate the proportion of groups on the 

trackline ��(0)� (Butterworth & Borchers, 1988; Hiby & Hammond, 1989) and to verify 

the presence of dolphin responsive behaviour to the vessel (Palka & Hammond, 2001). 

In 2011, two metallic structures were positioned on the same deck behind the main 

observers giving an average eye-height of 9.5m above the sea surface. In 2012, 

secondary observes (trackers) were positioned behind the main observers with an 

average eye-height of 8 m, because the vessel used for survey could not host the 

metallic structures. Trackers were visually and acoustically isolated from the primary 

observers. Trackers searched farther ahead the primary observers using Monk Optics 

7x50 binoculars fixed on monopods and covering a similar sector (from 10 degrees to 
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one side of the track line to 90 degrees on the opposite site with 20 degrees of overlap 

in the middle).  

 

Binoculars had an internal reticule rangefinder to aid with calculating distances to the 

animals. Bearing from the trackline to the sighting was estimated using an angle board 

above which the monopod rotated, equipped with an arrow used to indicate the angle 

on the board. When a sighting was made by the trackers, the primary observers were 

not informed and dolphin positions were tracked until they disappeared or were 

spotted by the primary observers. The swimming direction of the dolphins relative to 

the trackline was also recorded following Palka and Hammond (2001). The trackers 

communicated their observations directly to a dedicated data recorder.  

 

4.2.3 Data processing 

4.2.3.1 Effort data 

Navigation data collected during the summers and winter surveys were extracted from 

the Logger database and formatted for analyses using Microsoft Excel (Microsoft Excel 

2007) (see Appendix 4 for details about how to prepare the excel file). The Excel file 

was converted into a shape file using the software MARINELife Ecological Survey Data 

(http://cetamon.codeplex.com) by transforming every two consecutive positions into 

individual lines. The shapefile was then imported into ArcGIS Desktop 10.2 (ESRI, 2011) 

where an appropriate projection was assigned (Universal Transverse Mercator, Zone 

36 North). Adjacent lines sharing identical segment indeces were combined into larger 

segments (using the tool “Dissolve”) and their lengths estimated (using the tool 

“calculate geometry”). Segments with off-effort navigation, navigation on effort Ad 

libitum or sea state greater than Beaufort 5 were then excluded for analysis.  

 

The remaining segments were intersected with the polygon representing the study 

area in order to exclude navigation on transect carried out during the pilot survey over 

the larger study initially considered and reduced for the 2011 and 2012 surveys (see 
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Chapter 2.5). In total, 146 segments were obtained with an average length of 25 km 

(SD=7.9 km, range from 803 m to 53 km). Sightings made on effort with sea conditions 

equal to Beaufort 5 or smaller were added to the appropriate segment using the tool 

“spatial join” in ArcGIS. For each sighting, perpendicular distance (1) was computed 

from the recorded sighting angle 2  (transformed from degrees to radians) and 

estimated distance 3 to the dolphins, using the formula	1 = 3sin	(2). Other sighting 

data included: group size, cue at sighting, observer expertize, and species associated (if 

present). The  shapefile was then exported to Excel and  imported into software 

Distance 6.2 (see Chapters 8-10 of the Distance software user guide for more details) 

which was used to estimate the detection probability and abundance (Thomas et al., 

2010). Detection functions were estimated using all on effort sighting data (including 

winter and Ad libitum data) while density and abundance were estimated using on 

transect data within the 10,651 km2 study area (see next paragraph).  

 

4.2.4 Data Analyses 

4.2.4.1 Density and Abundance estimation 

Density of dolphins (
�) was estimated for each species separately using the equations 

in Buckland et al. (2001): 

 
� =
�	�5(67)

28$	�5��(0) Formula 4.1 

 

where � was the number of groups encountered, �5(67) the estimated group size, � 

the area covered by the survey, �5� the unconditional average probability of detecting a 

group in the strip surveyed (see Section 4.2.4.2), and �(0) the probability of seeing a 

group on the trackline. In this study, �(0)=1 because it was not possible to estimated 

it (see Discussion Section 3.4). The area covered was equal to 28$, where $ was the 

total transect length and 8  was the maximum perpendicular distance from the 

trackline at which groups were recorded after truncation. Abundance � was obtained 

by extrapolating density to the entire study area (9) by � = 
�9.  
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4.2.4.2 Detection Function estimation 

The detection probability �5� denoted the probability that a group of dolphins in the 

covered area 28$  was detected. As the detectability decreases with increasing 

perpendicular distance from the trackline, a fraction of the dolphins within the 

distance 8 was likely to have been missed. �5�  can be written as the proportion of the 

area where dolphins were detected (2:$) with respect to the area covered (Zerbini et 

al., 2006):  

 �5� =
2:$
28$ =

:8 Formula 4.2 

 

The parameter : = �5� 	8 is also called the effective strip half-width (�	�). 

 

Model parameters. The average detection probability �5�, and the effective strip half-

width �	� were estimated in the software Distance version 6.2 (Thomas et al., 2006). 

Two analytical “engines” were used in Distance: Conventional Distance Sampling (CDS) 

and Multiple Covariate Distance Sampling (MCDS). The CDS assumes that the 

probability to detect an object is only dependent on its perpendicular distance from 

the trackline, while the MCDS models heterogeneity by incorporating covariates 

affecting the detectability in the detection function. A third analytical engine Mark 

Recapture Distance Sampling (MRDS), was used only to estimate abundance and 

density for single species whose detection probability was estimated in MCDS using 

pooled perpendicular distances of more species. This possibility is available in Distance 

6 in the MRDS engine using the options: “Used fitted function from previous MRDS 

analysis” and “single observer” (DS).  Furthermore, the R file output from MRDS allows 

the extraction of the detection probabilities estimated for each combination of 

factorial variables (while MCDS shows only the average �5�  value). These �5�  values were 

used in Chapter 5 to obtain the response variable used to model the abundance of 

groups. However the MRDS engine is not implemented yet to include adjustment 

terms for the key functions in the “single observer” option. For this reason, abundance 
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of species with detection probability estimated by pooling sightings of multiple species 

and with models including adjustment terms was estimated using custom-written 

formulae in Microsoft Excel 2010. 

 

Three key functions were used to model the detection function: (1) half normal, (2) 

uniform key, and (3) hazard-rate. When using the CDS technique, the flexibility of the 

models was increased by the possible addition of three alternative series expansion 

terms: (1) cosine, (2) Hermite polynomial and (3) simple polynomial (Buckland et. al., 

2001, page 47). The Akaike Information Criterion (AIC) (Akaike, 1973) was used to 

select the model that best fitted the data. In case of models with a difference in AIC 

values lower than two, other parameters were considered in the model selection such 

as number of model parameters involved (i.e. small numbers preferred over large 

ones), and Goodness of Fit (GOF) test results (Cramer-von-Mises with uniform and 

cosine weighting and Kolmogorov-Smirnov tests). 

 

Sample size. The number of sightings for some of the species was low and observations 

were pooled for species with similar biology. Moreover, sighting data made Ad libitum 

and during the winter survey were also included (see Chapter 3). The choice of species 

to be combined was based on species similarities in terms of body size, group size, 

surface behaviour and mixed-species association (Wade & Gerrodette, 1992). The first 

species group analysed included 77 sightings of S. longirostris and S. attenuata (51 

sighting made on transect in summer, 20 sightings made Ad libitum in summer and 6 

sighting made in winter). In this case the pooling was suggested not by a small sample 

size but by the fact that these dolphins have similar body length (approximately 2m), 

colouration pattern, average cluster size (����	
� > 0.5), showed the same behaviour 

at the surface when encountered and formed mixed schools in 36% of the on-effort 

sightings including a Stenella spp. (S. longirostris were rarely seen while spinning). The 

second group included 39 sightings of T. truncatus, T. aduncus, Tursiops spp. and one 

mixed sighting of T. truncatus and Grampus griseus (17 made on transect in summer, 

18 made Ad libitum in summer and 4 made in winter). Although T. truncatus was larger 
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(about 4 m in length) than T. aduncus (about 2.5 m), Tursiops were rarely 

distinguishable to species level at distance as they were similar in coloration pattern 

and body shape (see Appendix 1 for species identification). Sightings of G. griseus were 

considered as a single group (including the 17 sightings of the species plus one mixed 

sighting with T. truncatus), and also in two additional groups combined with Stenella 

spp. (n=95) and with Tursiops spp. (n=56) because of shared similarities and 

differences with both. 

 

Covariates in MCDS. Preliminary exploratory analyses were conducted using the entire 

dataset with 12 covariates likely to influence the detection function (Table 4.1). 

Stenella spp. and Stenella spp. plus G. griseus were the only datasets with sufficient 

sample sizes to allow covariates to be included although categorical covariates were 

pooled into larger categories and only two covariates at a time were used in the 

models.   

 

Truncation. Truncation of 5-10% of the largest perpendicular distances has been 

suggested as a rule of thumb to trade-off between maximising precision by retaining 

more data, and reducing potential bias caused by  giving undue weight to  

observations furthest from the trackline during the model fitting process (Buckland et 

al., 2001). Because models fitted to different datasets cannot be compared using AIC, 

the curve monotonicity (monotonicity cannot be imposed when covariates are 

included), the goodness of fit, the coefficient of variation and the number of 

parameters involved were used to select the most appropriate level of truncation. 
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Table 4.1 - List of variables considered during preliminary analyses to model the heterogeneity in 

detectability using Multiple Covariate Distance Sampling (MCDS) in the software Distance version 6. * 

Covariates selected and incorporate in the models. 

Variable Description 

Beau Beaufort 0-5 (continuous) 

Beau2 

Beaufort (categorical) with two levels: 

1: 0-2 

2: 3-5 

*Beau2_2 

Beaufort (categorical) with two levels: 

1: 0-1  

2: 2-5 

*Boat2 

Boat (categorical) with two levels: 

1: ≥35m (Tala+ Queen Anna) 

2: <35m (Makharita+ Navigator Star+ Macy’s In) 

Cs (Cluster Size) Number of individuals per group (continuous) 

Cs2 

Number of individuals (categorical) with two levels: 

1: ≤20 

2: >20 

Cs3 

Number of individuals (categorical) with three levels: 

1: <15 

2: 15-55 

3: >55 

Cue2 

Cue at sighting (categorical) with two  levels: 

1: fin 

2: other than fin 

Mix2 

School composition as two levels: 

1: one species 

2: two species 

Spo_ex 

Observer experience (categorical) with two levels: 

1: Experienced 

2: Inexperienced 

Stratum 

Stratum (categorical) with three levels: 

1: northern 

2: central 

3: southern 

Year 

Year (categorical) with three levels: 

1: 2010 

2: 2011 

3: 2012 

 

 

4.2.4.3 Group size 

Smaller groups may have a smaller probability of detection at larger perpendicular 

distances (while larger groups have the same probability at all distances). Thus, using 

the uncorrected average group size could lead to a positive bias in group size and 

therefore abundance estimation. Potential effects of group size on detectability were 
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examined by regressing the logarithm of group size against estimated detection 

probability �(1), the significance of which was tested using a one-tailed t-test with a 

probability level α=0.15 as suggested by Buckland et al. (2001). If the group size 

regression was not significant, the mean group size was used, otherwise the expected 

group size estimated from the group size regression was used. 

 

4.2.4.4 Variance estimation 

The variance of the density 
�  (and therefore abundance	�) was estimated using the 

delta method (Seber, 1982) with the assumption that the three components included 

in the formula are independent.  

 ��'; �
�� = 
�� <��'; (�)��
+
��'; (67= )67= �

+
��'; ��5����5��� > Formula 4.3 

The coefficient of variation was expressed as the standard error divided by its point 

estimate: ��(1?) = @��'; (1)/1?. 
 

The variance of the number of sightings (��'; (�)) was estimated by applying a post-

stratification scheme with overlapping strata for systematically placed transect lines 

with zigzag design and different lengths, as described by Fewster et al. (2009, equation 

16): 

 ��'; (�) = A
2$�(A − 1)

BC(�� − ���)− �$ (�� − ���)D��

��

 Formula 4.4 

 

Where �� is the length of the line �, 	��  is the number of detections made on the line	��, ��� is the number of detections on line ��� positioned immediately after	��, and A are 

the strata containing the combined lines: the first stratum being line 1 plus 2, the 

second line 2 plus 3, and so on (Fewster et al., 2009). The 95% confidence interval was 

estimated assuming a lognormal distribution for 
�; with the upper and lower values 

found by the formula (Buckland et al., 2001):  

 
����	� = 
�/� ; 
����	� = 
�� Formula 4.5 
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Where the parameter � is estimated as: 

 � = exp E���,�.���F���	 �1 + G��(
�)H��I Formula 4.6 

 

where � is the value of the t-distribution at the probability of 0.025 and with the 

degrees of freedom estimated for the number of parameters (J) used in the detection 

function	 using the formula (Buckland et al., 2001): 

 3+ =
G��(
�)H�.��(�)/�A − 1

+
G��(�5�)H�� −J

 
Formula 4.7 

 

 

4.3 RESULTS 

A total of 3,687 km was surveyed on transect in the study area during the 3-year study 

period with 1,203 km navigated in 2010, 1,222 km in 2011 and 1,262 in 2012 (Table 4.1  

and Figure 4.1). Sea conditions were generally rough with Beaufort 4 or greater found 

47% of the time and calm sea state (Beaufort 1 or less) only 15% of the time. Sea state 

was variable from year to year with 25% of calm sea state occurring in 2010, 10% in 

2011 and 19% in 2012.  

 

In total, 81 dolphin groups were sighted and five species were identified in 77 sightings 

(83%): S. longirostris, S. attenuata, T. truncatus, T. aduncus and G. griseus. On one 

occasion dolphins were identified only to genus level (Tursiops spp.), and on three 

occasions the species was not identified. In 26% of the sightings two species were 

encountered together in mixed groups, with S. longirostris and S. attenuata present in 

the majority of sightings (95%), while a mixed group of G. griseus and T. truncatus was 

found only once (Table 4.2). S. longirostris and S. attenuata formed mixed associations 

for the majority of the time (52% and 59% respectively). 
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Table 4.2 - Number of sightings and total number of individuals per species encountered on transect 

during Beaufort < 6 in the study area. 

Species Sighting Nr of individuals 

S. longirostris + S. attenuata 20 2,034 (928+1,106) 

S. longirostris 16 326 

S. attenuata 15 515 

G. griseus 10 59 

T. truncatus 9 32 

T. aduncus 6 66 

G. griseus + T. truncatus 1 10 (3+7) 

Tursiops spp. 1 2 

Unknown 3 5 

Total 81 3,049 

 

 

The number of kilometres navigated on transect (with Beaufort <6) was consistent 

with that was planned in the survey design (Chapter 2.5, Table 2.6) for the summer 

surveys although the number of sightings was generally different with more sightings 

than expected for Stenella spp. and less for the other species (Table 4.3). In particular, 

for G. griseus only one sighting was made on transect in each of 2011 and 2012 

compared to the nine made in 2010.  

 

Table 4.3 - Number of kilometres navigated on transect with Beaufort < 6 and number of sightings per 

species plus mixed groups of S. longirostris and S. attenuata (mix) per year and in total. The last row 

refers to the % difference in kilometres or sightings per species from that expected from the survey 

design. * Data including one sighting with mixed species of T. truncatus and G. griseus. 

Year 
km 

(transect) 

Number of sightings 

S. 

longirostris 

S. 

attenuata 

Stenella 

spp. 

G. 

griseus 

T. 

truncatus 

T. 

aduncus 

2010 1,203 6 10 5 9 4 3 

2011 1,222 6 10 6 1* 4* 1 

2012 1,262 4 15 9 1 3 2 

Total 3,687 
16 15 +20 

11 10 6 
36 35  

        

Survey 

design 

(summer) 

3,800 30 27  19 11 8 

Delta (%) -3 +17 +23  -73 -10 -33 
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Figure 4.1 - Map of the study area showing effort (grey lines) navigated on transect, with Beaufort five 

or less, inside the study area (black line) during the summers of 2010, 2011 and 2012 (generated in 

ArcGIS 10.2). 
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S. attenuata formed the largest groups with an average of 46 (SD=43.1) individuals 

followed by S. longirostris with 35 (SD=34.2), T. aduncus with 11 (SD=7.8), G. griseus 

with 6 (SD=4.7) and T. truncatus with 5 (SD=2.1) individuals each (Table 4.4). 

 

Table 4.4 - Number of sightings (n), mean group size (cs), standard deviation (SD), coefficient of 

variation (CV), and range for each species encountered on transect with Beaufort sea state of less than 

six, during the summers of 2010, 2011 and 2012 in the new study area. 
a
 values with the same 

superscript character are significantly different (������ < 0.01). * Number of sightings obtained by 

summing single species and mixed species sightings. 

Species n cs SD CV Range 

S. longirostris 36* 34.8 34.2 0.16 4-170 

S. attenuata 35* 46.3
a
 43.1 0.21 2-165 

G. griseus 11* 5.6
a
 4.7 0.13 1-16 

T. truncatus 10* 5.1
a
 2.1 0.07 2-8 

T. aduncus 6 11.0 7.8 0.52 2-20 

 

 

The mean number of individuals of S. longirostris and S. attenuata in the groups where 

both species were present was higher than the mean number of individuals estimated 

in single species groups: for S. longirostris, csmixed=46 (SD=38.8) vs. cssingle=20 (SD=20.3); 

for S. attenuata, csmixed=55 (SD=40.1) vs. cssingle =34 (SD=45.5).  

 

Within the study area, a group of cetaceans was encountered about every 46 km 

(approximately every 3 hours) of navigation. S. longirostris and S. attenuata showed 

the highest encounter rates (ER – groups per 100 km) with one group every 100 km 

(ER=0.98, SD=1.13 and ER=0.95, SD=1.05 respectively). Encounter rates for G. griseus 

(ER=0.30, SD=0.26) and T. truncatus (ER=0.27 SD=0.24) were 3 times smaller than the 

values estimated for Stenella species. T. aduncus, with only six sightings made on 

transect had the smallest encounter rate (ER=0.16, SD=0.16) with one encounter every 

600 km (Table 4.5). 
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Table 4.5 - Number of sightings (n), encounter rates (ER, expressed as number of groups per 100km), 

standard deviation (SD), and coefficient of variation (CV) for each species encountered on transect with 

Beaufort sea state of less than six. * Number of sightings obtained by summing single species and mixed 

species sightings. 

Species n ER CV  

S. longirostris 36* 0.976 0.19  

S. attenuata 35* 0.949 0.19  

G. griseus 11* 0.298 0.26  

T. truncatus 10* 0.271 0.28  

T. aduncus 6 0.163 0.41  

overall 81 2.197 0.11  

 

 

Stenella spp. sightings were distributed evenly in the study area with similar patterns 

persisting between years (Figure 4.2). T. truncatus was also observed in the entire 

study area but showed most sightings around Ras Banas peninsula (Figure 4.3). 

Sightings of T. aduncus were mainly concentrated in the southern stratum along the 

coast and around coral reefs but sample size was small (6 sightings) (Figure 4.4). G. 

griseus was encountered exclusively in the southern part of the study area (south of 

the 23° N parallel) where it was generally the most commonly observed species with 

the exception of 2011, when the only sighting occurred in the central area together 

with T. truncatus (Figure 4.5).   
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Figure 4.2 - Sightings of S. attenuata (black triangle), S. longirostris (black circle) and of the two species 

together (black asterisk) made on transects in the summers of 2010, 2011 and 2012 in Beaufort < 6. 
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Figure 4.3 - Sightings of Tursiops truncatus (black circle) made on transects in the summers of 2010, 

2011 and 2012 in Beaufort < 6. 
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Figure 4.4 - Sightings of Tursiops aduncus (black octagon) made on transects in the summers of 2010, 

2011 and 2012 in Beaufort < 6. 
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Figure 4.5 - Sightings of Grampus griseus (black pentagon) made on transects in the summers of 2010, 

2011 and 2012 in Beaufort < 6. 
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4.3.1 Detection probability, density and abundance 

Detection probabilities were estimated for Stenella spp., Tursiops spp., G. griseus, 

Stenella spp. plus G. griseus, and Tursiops spp. plus G. griseus datasets. The effective 

strip half-width (�	�) estimated of G. griseus (332 m) showed evidence of a 

difference with both mixed groups, with stronger evidence of differences found for 

Tursiops spp. (139 m, ����	
�<<0.01) than for Stenella spp. (285 m, ����	
� =0.012).  A 

half-normal key function was selected as the best model for all the groups (Figure 4.6, 

Table 4.6). Several truncation distances were explored. Stenella spp. and Stenella spp. 

plus G. griseus datasets were both truncated at 850 m (1% of data excluded) and 

Tursiops spp. plus G. griseus was truncated at 546 m (2% of data excluded).  

 

Table 4.6 - Sample size (n), truncation (in meters), detection probability (��), effective strip half-width in 

meters (���), coefficient of variation (CV), model and analysis engine used in Distance 6.2 to estimate 

the parameters for each dataset. Hn: half normal (key function); cos: cosine adjustment (number of 

adjustment terms); Beaufort sea state and Boat: categorical covariates. For details on covariates see 

Table 4.1. MRDS: Mark Recapture Distance Sampling; DS: option “single observer” in MRDS (see section 

4.2.4.2). 

Dataset n Trun. Model 
Analysis 

 Engine 
�� ��	 (m) CV 

Stenella spp. 77 850 
Hn 

Beaufort/Boat 

DS in  

MRDS 
0.300 254 0.098 

Tursiops spp. 39* 546 
Hn 

cos (2) 
CDS 0.230 145 0.165 

G. griseus 18 546 Hn 
DS in  

MRDS 
0.691 377 0.195 

Stenella spp. + G. griseus 95 850 
Hn 

Beau/Boat 

DS in  

MRDS 
0.367 312 0.067 

Tursiops spp. + G. griseus 56 546 
Hn 

cos (2)  
CDS 0.297 162 0.160 
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Figure 4.6 - Histograms of sighting frequency as a function of perpendicular distance with fitted 

detection functions (lines) for each dataset: (a) Stenella spp., 77 sightings; (b) Tursiops spp., 39 sightings; 

(c) G. griseus + Stenella spp., 95 sightings; (d) G. griseus + Tursiops spp., 55 sightings; (e) G. griseus, 18 

sightings. Histograms were generated with Distance 6.2.  
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The attempt to estimate �(0) by adding the second observation platform was not 

successful and resulted in just three sightings. Trackers spotted animals before primary 

observers only in calm sea conditions (15% of the effort) and where unable to work 

with Beaufort 4 or greater. Therefore in this study, �(0) was considered to be one. 

 

Estimates of density and abundance were obtained for each species (Table 4.7). The 

mean group size was mostly used for estimation, because the size-bias regression line 

was found not to be significant (see 4.2.4.3). The only exception was S. attenuata for 

which the size bias correction was significant and expected group size of 55 was used 

instead of mean group size (46, SD=43). S. attenuata was the most abundant species 

with about 10,300 (CV=0.26) individuals estimated for the study area. Abundance of S. 

longirostris was lower but of a similar order of magnitude with about 7,000 individuals 

(CV=0.26). The other three species were much less abundant with estimates of 650 

(CV=0.69) individuals of T. aduncus and, 500 (CV=0.33) of T. truncatus. The smaller CV 

for T. truncatus was mainly due to a small CV associated with mean group size 

(CV=0.07). Three sets of estimates are reported for G. griseus, one for each of the 

three detection probabilities.   

 

Table 4.7 - Estimates of density (of groups 
� and individuals 
�  per km
2
) and abundance (�) for each 

species encountered on transect in the study area. ��/�: coefficients of variation; 95% LCL/UCL: lower 

and upper 95% confidence limits. Ssp: Stenella spp.; Tsp: Tursiops spp. 

Dataset �� ��� �	 � ��	 
��% 

��� ��� 

S. longirostris 0.0195 0.21 0.654 6,961 0.26 4,176 11,605 

S. attenuata 0.0175 0.20 0.964 10,268 0.26 6,226 16,933 

G. griseus 

alone 0.0040 0.36 0.022 238 0.43 106 535 

+ Ssp 0.0061 0.27 0.034 367 0.37 183 740 

+ Tsp 0.0092 0.30 0.052 552 0.39 262 1,166 

T. truncatus 0.0094 0.33 0.048 509 0.33 269 964 

T. aduncus 0.0056 0.44 0.062 659 0.69 194 2,232 
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4.4 DISCUSSION 

This study provides the first estimates of abundance and density for cetaceans in the 

Red Sea. These results are essential for assessing the status of cetacean populations in 

the southern Egyptian Red Sea and for providing information for developing a strategy 

for cetacean conservation and management in particular within the boundaries of the 

Wadi El Gemal-Hamata and Gebel Elba protected areas.  

 

4.4.1 Sample size considerations 

Geopolitical complications and consequent financial constraints led to the cancellation 

of the winter surveys (see Chapter 3) which affected the number of sightings available 

to estimate the detection probability for each species. Pooling of species with similar 

characteristics that intuitively are thought to affect their detectability has been widely 

used to estimate detection probability when sample size is small (Barlow, 1995; 

Forcada et al., 2004; Mullin et al., 2004; Gerrodette & Forcada, 2005). For Stenella 

spp., pooling was not believed to introduce bias because the two species were often 

encountered together (36% considering data collected on transect) and the additional 

ad libitum sightings were collected in the same area, in the same period, with the same 

method.  

 

For Tursiops spp. the possibility to increase sample size was investigated by adding 

sightings of unknown species plus one sighting of P. crassidens but the model did not 

shown any better fit to the data. The dataset including Tursiops spp. plus G. griseus 

also did not improve the model fit and the Tursiops spp. dataset was thus believed to 

represent the best option. 

 

The dataset including only G. griseus sightings was very small (n=18) and the detection 

probability estimated was not considered robust. The detection function for G. griseus 

obtained by adding sightings of Stenella spp. (n=95, Figure 4.6 - c) fitted the data 

better than the function obtained by adding Tursiops spp. (n=56, Figure 4.6 – d) and 
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was more precise as sample size was 41% larger (Table 4.6). The association of Stenella 

spp. and G. griseus is not commonly documented in the literature where dolphins are 

generally pooled based on body size criteria into small (i.e. Stenella spp., Delphinus 

spp., Lagenodelphis) and larger animals (i.e. Tursiops spp., G. griseus, Globicephala 

spp., P. crassidens) (Barlow, 1993; Forney & Barlow, 1993; Barlow, 1995; Forney et al., 

1995; Ferguson & Barlow, 2001; Mullin & Fulling, 2004). However, in this study, 

Stenella spp. and G. griseus association was supported by in-situ observations 

suggesting that the resting behaviour displayed by both these species (with dives 

rarely longer than one minute) could have positively and similarly influenced their 

detectability. The abundance and density estimates obtained by pooling G. griseus 

with Stenella spp. were then preferred over those obtained by pooling G. griseus with 

Tursiops spp. Due to the small number of sightings of G. griseus, it was simply not 

possible to say which abundance estimate was more robust between that obtained 

with G. griseus-only data (238, CV=0.43) and that with G. griseus + Stenella spp. data 

(367, CV=0.37). The difference among these CVs values was also too small to lead to a 

reasonable choice and the estimate for G. griseus in the southern Red Sea was 

considered to fall somewhere between 106 and 740 individuals (Table 4.7). 

 

4.4.2 Distance sampling assumptions 

Robust abundance estimation requires that the main assumptions (see Chapter 2.1.1) 

of line transect methods are met or that any violation of these assumptions can be 

accounted for or justified to be unimportant (Borchers & Buckland, 2002; Hammond, 

2010).  

 

In this study, the probability of detection on the trackline, �(0), could not be 

estimated because the methodology did not generate sufficient data. In other surveys 

where �(0) has not been directly estimated, previously collected correction factors 

have been used (Barlow & Gerrodette, 1996; Barlow, 1997; Forney, 1999; Carretta et 

al., 2001; Ferguson & Barlow, 2001; Barlow, 2006), or analyses conducted using only 

data collected in calm sea conditions (Forcada & Hammond, 1998). These were not 
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valid options for this study as previous data were not available, and the small number 

of sightings (also pooling all the species together) hampered the stratification by sea 

state for each taxon.  

 

The estimates presented are therefore likely biased low by assuming �(0) = 1, but the 

availability bias component (due to the fact that dolphins are missed because 

underwater) might affect species in different ways. For Stenella spp., G. griseus and T. 

aduncus, availability bias might be considered small because dolphins were mainly 

observed swimming slowly at the surface performing short dives (<1 minute) and 

remaining in the same area (personal observations). T. truncatus were observed during 

different activities, including travelling and feeding (while prey was visibly being 

consumed). In this latter case, dive times often exceeded five minutes. This is a 

sufficiently long period that all groups may not have surfaced, and therefore been 

available, while the vessel passed by surveying. This could have led to an under-

estimation of abundance. 

 

The assumption that dolphins should be detected at their initial location before they 

responded to the presence of the vessel was generally met for Tursiops spp. and G. 

griseus. These dolphins did not show any clear pattern in their response to the vessel, 

mainly ignoring it or interacting only at very short distances (a few tens of meters). It is 

unlikely that abundance estimates were biased by this behaviour. However, field 

observations suggested that Stenella spp. might be attracted to the vessel at greater 

distances. During one sighting in calm sea state, Stenella dolphins were spotted by 

trackers at an estimated radial distance of 3,900 m, and were followed until sighted by 

the primary observers at about 650 m (radial distance). The dolphins (35 individuals of 

S. longirostris and 28 of S. attenuata) did not show any visible change in travel 

direction until about 300-350 m at which point they approached the vessel to bow 

ride. Stratification by sea state could have helped to decrease the bias of responsive 

behaviour in the stratum with calm sea state but as discussed above, the small number 

of sightings did not allow for a reliable estimation of detectability in each stratum. As 
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the sea state was generally rough (Beaufort of four or more in 47% of the effort), 

groups were more likely to have been spotted after any response to the vessel and 

thus abundance for Stenella spp. might be over-estimated to an unknown extent. 

Cañadas et al. (2004) found that attraction bias could lead to a six-fold over-estimate 

in abundance of Delphinus delphis in the north-eastern Atlantic but the observations in 

the Red Sea do not suggest a bias of this magnitude.  

 

Random movement bias was considered not to have affected the abundance estimates 

in this project because vessel cruising speed (16 km/h) was much faster than the mean 

swimming speed of the species encountered. 

 

The assumption that distances were measured accurately is difficult to confirm. In 

general, the ability of observers to estimate distance at sea to moving animals 

accurately is considered poor and is known to deteriorate in rough sea conditions 

(Baird & Burkhart, 2000; Williams et al., 2007) . The errors associated with distance 

estimates have been shown to be substantial (20-25%), downwards or upwards, and 

could lead to the fitting of an improper detection function (Williams et al., 2007). 

Photogrammetric methods of distance measurement have been shown to perform 

well (Leaper & Gordon, 2001; Williams et al., 2007); they were investigated in this 

study but not implemented due to budget and logistical restrictions.  

In the proximity of the four resting areas (see Figure 4.1) it is likely that the encounter 

probability of S. longirostris is lower than is areas far from the reefs because of the 

“resting area trapping effect” explained in the Discussion of Chapter 5. If dolphins are 

inside the lagoon of these resting reef within a certain distance to them, this could 

influence the availability bias and the abundance (and density) estimate for S. 

longirostris could be underestimated. 

  

4.4.3 Distribution of sightings 

Despite the relatively small number of sightings made on transect, this study 

highlighted the presence of a patchy distribution for T. truncatus, T. aduncus and G. 
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griseus mainly found concentrated in relatively contained areas: north of Ras Banas for 

T. truncatus (Figure 4.3), near the coast off Abu Ramad for T. aduncus (Figure 4.4) and 

from Abu Fandira to Abu Tess for G. griseus (Figure 4.5). In the future, photo-

identification methods might be taken into consideration for studying these species to 

investigate individual movements because group size was small (compared to group 

size of Stenella spp.) and animals were approachable. Habitat modelling studies would 

be useful to try to understand the processes lying behind species abundance and 

distribution, although for T. aduncus sample size might be too small. 

 

The homogenous distribution of Stenella spp. sightings, their general offshore location 

and the relatively high number of sightings made, suggested that line transect 

sampling was the appropriate method for estimating the abundance of these species. 

Moreover, photo-identification carried out during encounters in open waters was not 

very effective because the number of individuals was often too high for an exhaustive 

individual coverage and the sea too rough to allow the use of a small boat more 

suitable for following dolphins closely.  

 

4.4.4 Wider context of cetacean abundance 

There are no previous abundance or density estimates for cetaceans in the Red Sea. 

This study thus represents the first cetacean assessment in the southern Egyptian Red 

Sea, an area where two national parks are present and where lack of information has 

hampered until now the development of a proper management strategy for the parks. 

Recommendations for the two parks (Wadi El Gemal - Hamata National Park and 

Gebel-Elba Conservation Area – see Figure 2.1) are not presented in this thesis 

because important data collected in Samadai and Satayah by Amina Cesario and 

Maddalena Fumagalli for their PhDs must be included.  

 

Although not large compared to all Egyptian Red Sea EEZ waters (12%), the study area 

encompasses 55% of the Egyptian shoreline (excluding Aqaba and Suez Gulfs) and the 

information about cetaceans from this study might be used to develop future 
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monitoring strategies in nearby zones (Figure 4.7). For example, the Egyptian coast 

from Safaga to Marsa Alam () has similar features to the northern part of stratum 1 

(Figure 4.1) including a relatively narrow continental shelf and few and sparse offshore 

reefs. In the northern part of stratum 1 only a few sightings of Stenella spp. and 

Tursiops spp. were made (Figure 4.2, Figure 4.3, Figure 4.4) and none of G. griseus 

(Figure 4.5) suggesting that the area might not include suitable conditions to support a 

large cetacean assemblage compared to other areas (such as around Ras Banas or in 

the strata 2 and 3) where many more sightings were made. Low cetacean occurrence 

was also suggested by the few sightings reported from diving centres operating from 

Marsa Alam to Safaga (See Chapter 3). This part of the Egyptian coast might therefore 

be less interesting to survey than other areas where cetaceans are more likely to be 

present and, given the scarce economic resources available to carry out cetacean 

monitoring, could be excluded by surveys aimed to estimate abundance and 

distribution over a large scale. 

 

The northern area of the Red Sea including Safaga, the Northern Islands off Hurghada, 

and the south-eastern side of Sinai Peninsula (see Chapter 1.2, Figure 4.7) is 

characterized by numerous coastal and offshore reefs and the presence of deep areas, 

similar to the stratum 3 of the study area where several sightings were made including 

95% of G. griseus sightings, and the majority of T. aduncus sightings).  Information 

from diving centres (see Chapter 3.37) also reported the presence of the five target 

species plus S. plumbea and occasionally M. novaeangliae suggesting that the northern 

area from Safaga to Sharm el Sheikh (Figure 4.7) might host a rich and biodiverse 

cetacean community Furthermore, 119 individuals of T. aduncus have been identified 

to be present all-year-around off Hurghada (Ziltener & Kreicker, 2013) an area where 

mass tourism is particularly concentrated (Cesar, 2003; Gouda, 2012). Harassment by 

tourists (in the form of whale watching and swim with dolphins) was reported in the 

area (HEPCA and A. Ziltener, personal communications) suggesting that future 

cetacean monitoring should be concentrated there to better understand the size of the 

populations and the extent of the interactions with human activities.  
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Figure 4.7 - Map showing the Egyptian Exclusive Economic Zone (EEZ), the study area (shaded area) and 

the main cities (black spots) along the Red Sea coast. 
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Outside Egyptian waters, the Sudanese coast from the border with Egypt to Port Sudan 

also has features similar to the southern stratum although the monsoon regime 

affecting the area is likely to cause different conditions during winter.  The Saudi coast 

from the mouth of Aqaba Gulf to Jeddah has features similar to the central and 

southern strata of the study area but the exposure to prevailing winds and waves 

might generate different condition along the coast. An aerial survey focusing on 

Dugong dugon but also collecting cetacean data was carried out in 1985-1987 around 

the Arabian peninsula after the 1983 oil spill of Nowruz, Iran (Preen, 1989). 

Unfortunately, results on cetacean presence along the Saudi coast in the Red Sea were 

never published as they were for cetacean data collected in the Arabian Gulf (Preen, 

2004). Numerous attempts to contact people involved in the survey were unsuccessful, 

leaving almost no data about cetacean presence and distribution along the Saudi coast 

of the Red sea.  

 

The southern part of the Red Sea is characterized by completely different conditions 

compared to the northern part (see Chapter 1.5) so information collected in the study 

area cannot reliably be applied there. The nutrient-rich waters from the Indian Ocean 

are likely to support a cetacean assemblage characterized more by species such as 

Delphinus sp. (Smeenk et al., 1996), Globicephala sp. (Smeenk, personal 

communication, Notarbartolo et. al., 2007), and O. orca (Gladstone & Fisher, 2000). 

The presence of the Dahlak and Farasan archipelagos (including a few hundred islands 

and reefs) seems likely to be suitable habitat for the coastal species T. aduncus, S. 

plumbea, and for S. longirostris (in the form of resting areas). A survey of this area is 

strongly recommended.     

 

The dolphin species encountered in this study are commonly found in other areas in 

the Indian Ocean (Leatherwood et al., 1984; Ballance & Pitman, 1998; Ballance et al., 

2001; Braulik et al., 2010; Minton et al., 2010) and, with the general exception of T. 

aduncus, in other tropical areas such as the Eastern Tropical Pacific (ETP) (Wade & 

Gerrodette, 1993), Hawaii (Mobley et al., 2000; Barlow, 2006), the Gulf of Mexico 
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(Mullin & Fulling, 2004), and the western Sulu Sea (Dolar 1999). Stenella spp. were the 

most abundant in other tropical systems and could be considered a core species for 

tropical waters. In the study area Delphinus sp. were never encountered although 

records of Delphinus cf. tropicalis have been reported for the southern part of the Red 

Sea (Smeenk et al., 1996), Gulf of Oman and Indian Ocean (Small & Small, 1991; Eyre, 

1995; Ballance & Pitman, 1998). Due to the influence of the tropical monsoon, the 

southern part of the Red Sea is more productive than the northern part (Edwards & 

Head, 1987), in particular due to the presence of seasonal upwelling, that are 

considered the ideal  habitat for this species (Au & Perryman, 1985).  

 

Stenella spp. average group sizes in the southern Egyptian Red Sea were smaller (Table 

4.4) than estimates reported in other areas: from 15% to 79% smaller than group size 

estimated in the pelagic waters of the ETP, WTIO, and Gulf of Mexico (in the Gulf of 

Mexico S. longirostris group size was 70% larger than group size of the same species in 

the study area while S. attenuata was only 15% larger) and from 44% to 57% smaller in 

coastal waters of the Sulu Sea. Large groups are known to form as an anti-predator 

strategy and to increase foraging efficiency in offshore waters, in particular for small 

dolphins such as Stenella spp., Delphinus spp. and L. hosei (Gowans et al., 2007). In this 

study, the presence of numerous coral reefs might provide more options for anti-

predator behaviour such as sheltering in shallow waters around coral reefs above the 

continental shelf. Large groups are also known to form in regions where food 

resources are available and predictable (Gowans et al., 2007). Waters in the northern 

part of the Red Sea are extremely oligotrophic (Edwards & Head, 1987; Barale, 2007) 

compared to other areas such as the ETP (Pennington et al., 2006), WTIO (Sheppard et 

al., 1992), Gulf of Mexico (Davis et al., 2002) and Sulu Sea (Dolar, 1999) where 

upwelling processes and/or rivers supply nutrients to the euphotic zone. Stenella spp. 

group sizes in this study were similar to those estimated in Hawaiian waters, a region 

with similar characteristics to the Red Sea including extreme isolation with respect to 

other marine ecosystems, the presence of coastal and offshore coral reefs scattered 

over the continental shelf and a low primary production with nutrient-rich hotspots 
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driven by complex local eddy systems (Edwards & Head, 1987; Tissot et al., 2009). It is 

likely that these geographical and oceanographic characteristics could affect (with 

many others) the group size of these small species.  

 

The low number of species (eight, see Chapter 3.3) encountered in the study 

compared to the number of species generally reported in surveys of other tropical 

areas (Keller et al., 1982; Gerrodette & Palacios, 1996; Dolar, 1999; Mullin & Fulling, 

2004; Anderson, 2005; Barlow, 2006; Kiszka et al., 2006) and the small average group 

sizes for the most abundant species Stenella spp. might be driven by the extremely 

salty and warm waters of the Red Sea compared to other body waters (see Chapter 

1.5).  

 

 

4.5 CONCLUSIONS 

The first abundance estimates for dolphins in the southern Egyptian Red Sea provided 

a baseline to provide a better understanding of the ecology and biology of cetaceans 

living in one of the most extraordinary and extreme of all tropical seas.  

 

The area covered, although small if compared to the entire basin, represents a 

substantial sample of the northern part of the Red Sea and the estimates provided for 

S. longirostris, S. attenuata, T. truncatus, T. aduncus, and G. griseus constitute the 

starting point for future monitoring and for assessment of cetacean status in the area. 

 

This information is the first essential step for the development of any management 

plan for biodiversity conservation in the two natural parks (Wadi el Gemal and Gebel 

Elba) within the study area. Since the establishment of the parks (in 2003 and 1986, 

respectively), the lack of any information about these important top-predators has 

hampered the ability of managers to take any dedicated decisions about the best 

strategy to develop for the region.  
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Effective conservation strategy requires accurate estimates of abundance and the use 

of line transect sampling methodologies allowed the collection of reliable information. 

The method proved to be efficient for monitoring species distributed across the study 

area (such as Stenella spp.) and was important to highlight the presence of 

aggregations of other less common species.  

 

In the next chapter, habitat modelling methodologies will be used to investigate how 

interactions between cetaceans and their environment influence their abundance and 

distribution.  
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Chapter 5 Predicting distribution and abundance of 

delphinids 

5.1 INTRODUCTION 

Understanding how the interactions between living-organisms and their environment 

determine species distribution and abundance is a central issue in ecology (Krebs et al., 

1994). This knowledge is essential not only to comprehend a species’ biology, but also 

to identify areas of critical importance, to develop management strategies in those 

areas overlapping with human activities and eventually to produce conservation plans 

(Redfern et al., 2006). Many factors are known to influence a species’ space-use, and 

those considered important for cetaceans species include food availability (Benoit-Bird 

& Au, 2003; Hastie et al., 2004; Frederiksen et al., 2006; Friedlaender et al., 2006), 

predation risk (Corkeron et al., 1987; Heithaus & Dill, 2006), competition and 

interspecific interactions (Shane, 1995; Weir et al., 2009), mating, reproduction and 

care for calves (Ersts & Rosenbaum, 2003; Cañadas & Hammond, 2008).  

 

Is not always easy to gather direct measurements of factors that can be used as 

predictors of animal’s presence and this is particularly true for cetaceans as they are 

high-mobile animals living in a fluid and dynamic environment that extends from the 

surface down to depths of hundreds or thousands of meters (Redfern et al., 2006). 

Instead, physiographical (e.g. sea bed depth, slope, aspect), oceanographic (e.g. sea 

surface temperature) and biological variables (e.g. indicators of primary productivity) 

are often used as proxies for those factors influencing cetacean space use and 

distribution (Cañadas et al., 2005; Ferguson et al., 2006; Pirotta et al., 2011). However, 

as proxies are not always directly and causally related with animal presence they can 

often explain only a small part of the variability observed in animal distribution and 

occurrence. Furthermore, outcomes are not easily extrapolated to different areas as 
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the same proxies may result from different combinations of unknown direct factors, 

and animals might react in a different way (Guisan & Zimmermann, 2000).  

 

In recent years the development of spatial modelling methods, together with the 

progress made in geographic information systems (GIS) and remote-sensing 

technology have greatly improved the ability to describe and quantify the processes 

that determine species distribution and provide powerful tools to predict spatial and 

temporal occurrence of species (Guisan & Zimmermann, 2000; Redfern et al., 2006; 

Matthiopoulos & Aarts, 2010). Logistic regression analysis, generalised linear models 

(GLMs) (McCullagh & Nelder, 1989) and generalised additive models (GAMs) (Hastie & 

Tibshirani, 1999) and, more recently, generalized estimating equations (GEEs) (Liang & 

Zeger, 1986) are among the most commonly used statistical models (Guisan & 

Zimmermann, 2000). In cetaceans, habitat modelling has been used for different 

reasons including identifying important habitat based on species preferences and 

ecological needs (Hamazaki, 2002; Cañadas & Hammond, 2008; Whitehead et al., 

2010), predicting temporal and spatial patterns and trends (Forney, 2000; Redfern et 

al., 2008; Hammond et al., 2013; Becker et al., 2014), proposing new marine protected 

areas (Cañadas et al., 2005; Embling et al., 2010) and/or managing existing ones (Bailey 

& Thompson, 2009; Azzellino et al., 2012).  

 

GAMs were used in this study as they are considered a powerful explorative tool in 

particular when little is known about the underlying environmental process that 

determine a species’ distribution in one area (Guisan et al., 2002; Moisen & Frescino, 

2002; Olivier & Wotherspoon, 2005; Ferguson et al., 2006) and when the relationships 

among species distribution and variables are known or suspected to be non-linear 

(Austin, 2002). GAMs have been found to perform better on real data compared to 

other techniques such as classification and regression trees, artificial neural networks, 

and linear models that instead perform better with simulated data (Moisen & Frescino, 

2002). Furthermore, classification and regression trees work with dichotomous data 

based on a series of binary decisions while GAMs are well-suited to model continuous 
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relationships. GAMs, as other regression methods, also have the advantage of 

producing spatial predictions as functions of environmental space instead of 

predictions based solely on geographic space as made by geostatistical methods (e.g. 

kriging) (Ferguson et al., 2006). 

 

Spatial modelling with GAMs has also been used successfully to estimate abundance of 

cetaceans as an alternative technique to design-based estimates derived from line 

transects sampling (Cañadas & Hammond, 2006; de Segura et al., 2007; Pershing et al., 

2009). Model-based methods do not require a randomised or systematic survey design 

allowing the inclusion of data collected during navigation outside systematic or 

randomly placed lines. One drawback is that to model the variability in the region of 

interest effectively, the method requires a relatively large number of observations 

(Williams et al., 2006). Another limitation is that model-based methods explain the 

habitat variability of observed animals only for the range of the covariate values 

measured or obtained for the area covered. This is usually a small proportion of the 

possible range of a variable (or of the combination of variables) limiting the 

extrapolation of the results to other areas. Because estimates are based on modelled 

relationships between the species of interest and the environment, so-called “edge-

effects” where density is unrealistically high can arise from interpolation between 

sparse observations. This generally occurs along the edge of the study area (Cañadas & 

Hammond, 2006) where coverage is usually poorer but could also occur within the 

study area in spots with extreme values of the covariate considered or if the area was 

not uniformly covered with some parts more (or less) surveyed than others (Clarke et 

al., 2000).  

 

This study examines the relationship between the distribution of five delphinids (S. 

longirostris, S. attenuata, G. griseus, T. truncatus and T. aduncus) and several 

physiographical variables and provides estimates of their abundance and densities 

using spatial modelling with GAMs. Data were collected during three vessel-based 

surveys carried out in the summers of 2010, 2011 and 2012 in the southern Egyptian 
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Red Sea. Data collected during design-based line-transect surveys (see Chapter 4) were 

combined with those collected during other forms of navigation (e.g. Ad libitum) which 

increased the number of sightings available for analyses by 40% potentially allowing 

for more precise estimates to be obtained. Abundance and density estimates were 

obtained by taking into account the detection probabilities estimated in the previous 

chapter. Distribution of S. longirostris was also investigated in relation to the position 

of four offshore reefs considered diurnal resting areas for these dolphins. Two (Abu 

Fandira and Abu Tess) out of the four resting areas present in the region, were 

“discovered” during this project (see Figure 3.2). 

 

 

5.2 MATERIALS AND METHODS 

5.2.1 Study area and Data collection 

The study area and data collection were described in Chapter 2.2 and Chapter 2.4.1.  

 

5.2.2 Data processing 

5.2.2.1 Unit of analysis 

The sampling unit used for analysis was a segment of searching effort. Several segment 

lengths were investigated in order to choose the most appropriate. Small resolutions 

(e.g. 1-2 km) allow the physiographic and environmental variability of the study area to 

be better captured and described (e.g. distance from reefs) but might result in a high 

number of units with zero observations. Such zero-inflation can pose a problem as if 

the number of counted zeros is larger than expected, based on the Poisson distribution 

used here (see section 5.2.3), it can generate biases in estimates of parameters and 

their standard deviations (Zuur et al., 2009). The largest resolution allowed by the 

available dataset was considered the best option in this study due to the small number 

of sightings. As the resolution of the remote-sensing variables selected as predictors in 
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this study was either cells of 4 or 9 km, these were the lengths investigated to select 

the unit sample size.  

 

Consecutive points recorded during navigation on effort and sea state smaller than six 

Beaufort were joined when sharing same date, transect number, type of navigation (on 

transect and Ad libitum), and sea state. In total 497 tracklines were generated with an 

average length of 12.6 km and a range from 23 m to 156 km. The presence of 15 very 

short segments (<200 m) was due to suddenly changing sea conditions (e. g. as soon as 

the vessel moved away from sheltered areas due to the presence of offshore reefs) 

and in 5 cases was due to sightings occurring a few meters after the boat started on 

effort navigation. The trackline frequency-distribution histogram was investigated 

suggesting that tracklines could be divided into sample units of 9km to be used in the 

analyses. A total of 969 units was then obtained with a median of 7.5 km, SD=3.4 km, 

range from 23 m to 14 km. The sample unit length was slightly smaller than the 

resolution of the remote-sensing variables (9x9 km) but it was considered acceptable.  

 

Sightings of each species were added to each sample unit (segment) using the “spatial 

join” tool in ArcGIS. Because closing mode was used when searching, a segment was 

terminated whenever a sighting occurred. Consequently, the maximum number of 

groups per segment was one. 

 

5.2.2.2 Response variable 

The response variable used to model the abundance of groups was the number of 

groups per segment. The Horvitz-Thompson estimator was used instead of the 

presence/absence response variable allowing the incorporation of the detection 

probability as estimated in the previous chapter for each species (Hedley et al., 1999):  

 �� =B 1�̂��

�


��

 Formula 5.1 
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where ��  is the number of detected groups in the ��� segment and �̂�� is the estimated 

probability of the L��detected group in the segment �. In this work, Formula 5.1 is 

simplified to � = 1 �̂⁄   because there is only one sighting for segment. For Stenella 

spp. and G. griseus, the detection functions included two covariates (sea state and 

vessel) both as factors with two levels each (see Chapter 4.2.4.2, Table 4.1). The values 

of the detection probability for the four combinations of the two covariates were 

extracted from the Distance project using the package “mrds” in R (Laake et al., 2014). 

For Tursiops spp. the model selected did not include covariates and the average value 

of the detection probability provided in Distance was used (Table 5.1). 

 

Table 5.1 - Detection probabilities (��	�) estimated with Distance 6. For Stenella spp. and G. griseus 

models included two covariates as factors with two levels each: sea state (1: 0-1 Beaufort; 2: 2-5 

Beaufort) and vessel (1: vessel >30m; 2: vessel ≤30m). 

Species 
Variable combination 

(Sea state-Vessel) 
��	� 

Stenella spp. 

1-1 0.576 

1-2 0.927 

2-1 0.169 

2-2 0.509 

G. griseus 

1-1 0.570 

1-2 0.819 

2-1 0.260 

2-2 0.479 

Tursiops spp. - 0.230 

 

 

Due to the small sample sizes and (for Stenella spp.) to the large variation in group 

sizes, attempts to model the group size in relation to environmental variables were 

abandoned because the variables did not explain any data variability, possibly due to 

the small sample sizes and (for Stenella spp.) to the large variation in group sizes. To 

estimate abundance (see section 5.2.4) the average group size of each species was 

used. 

 



Chapter 5 – Habitat modelling 

 

137 

5.2.2.3 Environmental variables 

The variables available as potential predictors of dolphin abundance included latitude 

and longitude, depth, slope (i.e. slope gradient), aspect (i.e. slope aspect), contour 

index of the sea floor, chlorophyll a surface concentration, net primary productivity of 

carbon, sea surface temperature (at day and night), hours since sunset, days since full 

moon, distances from emerged/submerged features (coast, any coral formation, 

coastal reefs, offshore reefs, and resting areas (see Table 5.2 for the definition), 

distance from the 200 m and 800 m isobaths (Table 5.2). Chlorophyll a surface 

concentration was excluded from analysis as it was highly correlated with primary 

productivity of carbon (hereafter “ppr”) and preliminary analyses did not show 

relevant relations with the response variable. Sea surface temperature (at day and 

night) data were not important possibly due to the small range shown between areas 

(Δ=2°C) and among years (ranging from 26.5 °C to 32.5 °C). Other possible variables 

(i.e. sea surface height, currents, fronts, sea surface salinity, and sea surface wind 

direction) were not available for the region or for the survey period.  

 

The geographical coordinates were included in the model to explore the presence of 

patterns that could be possible proxies for other variables. The inclusion of 

geographical coordinates do not give relevant biological insights into the drivers of 

distribution but was considered to investigate abundance estimates as it might 

improve predictions and thus provide more robust estimates when other variables are 

not available (Cañadas & Hammond, 2006). Depth was extracted from the Ice Surface 

ETOPO1 dataset (NOAA NGDC) with 1 arc-minute  resolution (Amante & Eakins, 2009). 

Slope and aspect were computed from the ETOPO1 dataset using ArcGIS Desktop 10.2 

(hereafter ArcGIS). Slope was expressed in degrees (from 0 to 90) and was computed 

using the tool “Slope” in ArcGIS 10.2 that calculates the maximum rate of change of 

the surface in the horizontal and vertical directions from the centre cell to its 

neighbours (Burrough & McDonell, 1998). Aspect was expressed in degrees (from 0 to 

359.9) and was computed using the tool “Aspect” in ArcGIS 10.2 that identifies the 

downslope direction of the maximum rate of change in the depth value from each cell 
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to its neighbours (Burrough & McDonell, 1998). The contour index of the sea floor 

(hereafter ci) was calculated as: (3N��ℎ��� − 3N��ℎ���)/(3N��ℎ��� − 1) ∗ 100. The 

factor -1 was added because some depthmax values were zero. Bathymetry was 

included in the analysis (despite some evident problems - see Chapter 2.2) because it 

was considered a potential important predictor for the abundance and distribution of 

pelagic species (such as Stenella spp.), and errors in depth values due to lack of 

soundings and interpolation were thought to affect mainly very shallow waters (from 2 

to 8 m depth). 

 

Primary productivity (hereafter ppr) data were obtained from the NASA Aqua satellite 

using the Moderate Resolution Imaging Spectroradiometer (MODIS) instrument and 

were processed in the SeaWiFS Data Analysis System (SeaDAS) software package (Fu et 

al., 1998). The servers ERDDAP (the Environmental Research Division's Data Access 

Program) from NOAA CoastWatch and GIOVANNI (Interactive Visualization and 

Analysis - GES DISC: Goddard Earth Sciences, Data and Information Services Center) 

from NASA were used to access the datasets. Primary productivity data were 

downloaded for each month surveyed (June and July 2010, 2011 and 2012) and 

averaged by year and in total. In 2010, the survey was carried out in two tranches, in 

June and August. However, satellite data for August 2010 were not available for the 

entire study area and July’s values were used instead. A field called “ppr mixed” was 

also added by associating the ppr value estimated in the month and year when the 

survey was actually carried out (monthly actual reading) with the corresponding 

segment. Primary productivity was expressed as mg of Carbon m-2 day-1. Data were 

imported into ArcGIS as Network Command Data Form (netCDF) and projected; the 

raster values were then extracted and saved as shapefiles. The maps with ppr values 

per each month and in average per year is shown in Appendix 5.  

 

Distance from the 200m isobath (extracted from the bathymetry dataset) was 

estimated as a negative number if on the side of the continental shelf and as a positive 

number on the opposite side. Coastal reefs were defined as any reef located within 2 
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km from the coast or within 2 km from another reef located within 2km from the 

coast. Offshore reefs were thus reefs located at more than 2km from the coast or 

more than 2 km from a reef within 2 km from the coast. Resting areas were offshore 

reefs with internal lagoons which were used during daylight hours by S. longirostris to 

rest after or before presumed offshore feeding activities at night. In the region two 

northern resting areas were known (Samadai and Satayah) while two more were 

discovered in the southern stratum during this project (Abu Fandira and Abu Tess) 

(Figure 5.1). 

 

Table 5.2 - Environmental variables and their data sources used to investigate the occurrence and 

abundance of dolphin groups. 

Variable name Description Data source 

lat_mid/long_mid latitude and longitude  

depth depth [m] 
ETOPO1 Ice Surface 1-minute 

resolution (NOAA Satellite ) 

slope gradient of the sea floor [degrees] 
Derived from ETOPO1, computed 

using ArcGIS Spatial analyst tool 
aspect aspect of the slope [degrees] 

ci contour index: 
���������������

���������
∗ 100 

ppr_2010 

ppr_2011 

ppr_2012 

Average primary productivity [mg C m
-2

 

day
-1

] for June-August 2010, June-July 

2011 and 2012 
Primary Productivity, 0.05 lat per 

0.05 long, Aqua MODIS and 

Pathfinder, Global, 

EXPERIMENTAL, Monthly 

composites 

ppr_avg 
Average primary productivity for the 

summers 2010, 2011 and 2012 

ppr_mix 

month-year primary productivity 

associated with the corresponding 

segment 

dis_coast distance from  the coast [m] 

Coastline and coral reef digitalized 

in ArcGIS from Landsat images: 

LC81730432013226LGN00_B8.TIF  

LC81720442013235LGN00_B8.TIF 

dis_recoas 

distance from coastal reef (within 2km 

among them and the coast) 

 

dis_reoff 
distance from offshore reef (more 

than2km from the coast) 

dis_reef distance from any coral formation 

dis_rareas 

distance from the nearest of the four 

identified resting areas (Samadai, Satayah, 

Abu Fandira, Abu Tess – Figure 5.1) 

dis 200 distance from the 200m isobath ETOPO1 Ice Surface 1-minute 

resolution (NOAA Satellite ) 

dis 800 distance from the 800m isobath 

hours sunset hours from the sunset 
Data from www.timeanddate.com 

days full moon days from the nearest full moon 
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Possible correlation among variables was investigated using Spearman’s rank 

correlation tests implemented with the command “cor” in R (Becker et al., 1988). Any 

variable with a coefficient of correlation greater than 0.5, was not included in the same 

model. 

 

5.2.2.4 Effort and grid table 

Segments were organized into a worksheet including: segment ID and length, latitude 

and longitude of the mid segment points, sighting data (response variable, species, 

group size), environmental variables and offset. Primary productivity, bathymetry, 

slope and aspect were added to the segment midpoint using the analysis-tool “Spatial 

join” in ArcGIS by averaging values within a distance of 4.5 km. Maximum and 

minimum values used to calculate the contour index were obtained using the “Spatial 

join - average” tool with a radius of 4.5 km. Distance from the segment midpoint and 

features were obtained using the “Near” tool. The offset was expressed as the natural 

logarithm of	2��8 where �� is the length of the ��� segment and 8 is the truncation 

distance at which perpendicular sighting distances were cut off (850 m for Stenella 

spp. and G. griseus and 630 m for Tursiops spp. - see Chapter 4.2.4.2). The offset was 

introduced to account for segment heterogeneity and the possibility that the number 

of groups could depend on segment length (Zuur et al., 2009).  

 

In order to predict the abundance of groups over the study area, a grid with 9x9 km2 

cell resolution was built over the study area with the tool “Create Fishnet” in ArcGIS. A 

total of 1,426 cells were generated of which 262 intersected the region of interest 

resulting in a total area of 20,373 km2 (after reef and land surface was removed). Cells 

with more than 80% of their area on land were excluded. Cells were organized into a 

worksheet including: cell ID and water area, latitude and longitude of the mid-cell 

points, environmental variables and offset. Bathymetry, slope, aspect and primary 

productivity values were added to this table using the tool “Spatial join” averaging the 

values included in the cell area. Distances from the coast and reefs were added using 
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the tool “Near” to the cell midpoints. The offset was obtained with the formula 

detailed above with ��  being the total kilometres navigated in the L�� cell. The area of 

each cell was estimated by removing land and/or coral reef areas. 

 

5.2.3 Data analysis 

Generalized additive models (GAMs) (Wood, 2006) were used to explore the 

relationship between the response variable (abundance of groups) and the geographic 

and oceanographic variables described above. GAMs were preferred to Generalized 

Linear Models (GLMs) as simple scatterplots indicated non-linear relationships 

between the response variable and the explanatory variables (Zuur et al., 2009). 

Analyses were carried out for each of the target species (S. longirostris, S. attenuata, T. 

truncatus, T. aduncus and G. griseus) plus three subgroups including data from (a) 

mixed groups of Stenella spp. occurring together (n=27), (b) single species groups of S. 

longirostris (n=26) and (c) single species groups of S. attenuata (n=20). The decision to 

explore predictors for the three subgroups of Stenella spp. was suggested by 

differences found in their group sizes (92.4, 19.7 and 34.3 respectively). 

 

Due to the nature of the response variables (count), a Poisson error distribution was 

considered but as data (for all datasets) showed overdispersion a Quasi-Poisson 

distribution was used instead as it allowed for adjusting the ratio between variance 

and mean (Ver Hoef & Boveng, 2007). Abundance of groups was modelled using a 

GAM with a logarithmic link function. The general formula was (Cañadas & Hammond, 

2006): 

O�  = PQ�.RS	(T ) + U� + ∑ W!(X !)! /    5.1 

 

Where �� is the offset and represents the searched area for the ��� segment, Y� is the 

intercept, +� are the smoothed functions of the explanatory variables, and Z�� is the 

value of the A�� explanatory variable in the ��� segment. 
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The package mgcv version 1.7-28 (Wood, 2001) was used to fit the models in R. A thin-

plate regression spline with shrinkage (TPRS) was selected for smoothing the 

covariates as it does not require the location of the knots (defined as the joining point 

between two smoothing splines and it is equivalent to the degrees of freedom) to be 

indicated and the shrinkage option allows the number of the knots to be automatically 

decreased when they do not contribute to the model (Wood, 2006). To avoid 

unrealistic wiggliness of the model generated by data over-fitting, the number of knots 

was limited to a maximum of 50% of the total number of non-zero values of the 

response variable (Wood, 2001). Furthermore, over-fitting was restrained using a 

gamma factor equal to 1.4 that increases the penalty of the model validation score 

(see later GCV) per each degree of freedom used in the model allowing for extra 

smoothing without compromising the performance of the predicted error (Kim & Gu, 

2004). The models were fitted by penalized likelihood maximization and the smoothing 

parameters were selected by the General Cross Validation score (GCV), an 

approximation of the AIC (Wood, 2006). The model selection was done manually as in 

the mgcv package an automatic stepwise approach was not implemented. A forward 

stepwise approach was followed adding to the null model (i.e. without predictor 

variables) one covariate at a time with and without the smoothing function. Variables 

were added with the minimum number of degree of freedom (df) allowed (k=3). The 

choice to restrict the df was due to the small sample size. The degrees of freedom 

were then progressively increased by one unit (until the maximum permitted by the 

non-zero values of each datasets was reached) and the effective degrees of freedom 

(edf) were compared (using the command “gam.check”). Covariates that had not 

explained any variability in the data were excluded as well as covariates that require a 

number of df that exceeded the maximum number permitted by the non-zero values 

of each datasets following the criteria proposed by Wood (2001). Further variables 

were added, one by one, using the steps described above until df were no longer 

available or until they were all included. 
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5.2.4 Abundance 

Abundance for each species was obtained by multiplying the estimated abundance of 

groups per each cell with the average group size and then by summing the estimates of 

all the grid cells intercepting the study area (following Cañadas & Hammond, 2006). 

Density for each species was obtained by dividing the final abundance by the sum of 

the cell areas. 

 

5.2.4.1 Uncertainty estimation 

The coefficients of variation (CV) for the abundance of groups and individuals were 

estimated for each species by non-parametric bootstrap with replacement (400 

iterations) using dates as re-sampling unit. Outliers were generated and removed 

based on visual inspection of the bootstrap distribution. For CVs of abundance of 

individuals, group size uncertainty was introduced in the bootstrap by including a 

random number of individuals based on a Poisson distribution (using the average 

group size for each species as a parameter in the random process in R). The total 

estimation of CVs was obtained by summing CV-squared of the detection function 

estimated in Chapter 4.2.4.4 using the delta method (Seber, 1982). The 95% 

confidence interval (CI95%) was obtained sorting the bootstrap results and extracting 

the values corresponding to the 2.5% and 97.5% quantiles of the data. In this case, the 

variability of the detection function was not included. 

 

 

5.3 RESULTS 

In the southern Egyptian Red Sea, 6,238 km were navigated on effort during good sea 

conditions (Beaufort equal to five or less), during 119 days spent at sea in the summers 

of 2010, 2011 and 2012 (Figure 5.1). Sea conditions were generally rough with 

Beaufort larger than 2 88% of the time (and larger than 3 53% of the time). A total of 

133 sightings was made, of which 123 were of the following six species: S. longirostris 

(53 sightings, 26 single species and 27 mixed species with S. attenuata), S. attenuata 
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(47 sightings, 20 single species and 27 with S. longirostris), T. truncatus (20 sightings, 

19 single species and 1 with G. griseus), T. aduncus (12 sightings), G. griseus (18 

sightings, 17 single species and 1 with T. truncatus), and Pseudorca crassidens (1 

sighting). The remaining 10 sightings were unidentified dolphins (6 sightings), Tursiops 

spp. (3 sightings), and Stenella spp. (1 sighting). The number of sightings per year 

(2010, 2011 and 2012) was similar with generally fewer sightings made in 2011 (except 

for S. longirostris): 21, 18, and 14 for S. longirostris; 18, 12, and 17 for S. attenuata; 7, 6 

and 7 for T. truncatus; 5, 2 and 5 for T. aduncus; 13, 1 and 4 for G. griseus.  

S. attenuata showed the largest average group size (41.5, SD=40.5) closely followed by 

S. longirostris (32.8, SD=34.5). For the other three species, the number of individuals 

per group did not exceed ten (Table 5.3). Encounter rates for the five target species 

are showed in Table 5.4. 

 

Table 5.3 - Group size (cs), standard deviation (SD) and coefficient of variation (CV) obtained for each 

species during sightings (n) made while navigating on effort with sea state less than Beaufort six. 

Species n cs SD CV Range 

S. longirostris 53 32.8 34.49 0.09 2-170 

S. attenuata 47 41.5 40.49 0.13 2-165 

T. truncatus 20 4.7 2.96 0.03 1-12 

T. aduncus 12 8.3 6.15 0.15 2-20 

G. griseus 18 5.9 4.84 0.06 1-17 

P. crassidens 1 25 - - - 

 

 

Table 5.4 - Encounter rate (ER, expressed as number of groups per 100 km), standard deviation (SD), 

coefficient of variation (CV) and number of km surveyed before encountering one group obtained for 

each species during sightings made while navigating on effort with sea state less than Beaufort six. 

Variance has been estimated using the estimator R2 in Fewster et al. (2009). 

Species ER SD CV km surveyed before a sighting 

S. longirostris 0.850 5.56 0.13 118 

S. attenuata 0.753 3.98 0.10 133 

T. truncatus 0.321 1.49 0.17 312 

T. aduncus 0.192 0.99 0.35 520 

G. griseus 0.289 2.11 0.47 347 
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Figure 5.1 - Map of the study area showing the survey effort carried out in the summers of 2010, 2011 

and 2012 with Beaufort equal to five or less. The white crosses represent offshore reefs where internal 

lagoons are used by S. longirostris as resting areas during daylight hours.  
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5.3.1 Species distribution 

For each species (and subgroups), between one and four variables were considered 

important for modelling the abundance of groups (Table 5.5). P. crassidens was not 

included in further analyses as only one sighting occurred. Those variables that were 

not statistically significant were anyway maintained in the model because they 

increased the deviance explained and were therefore important to predict a better 

final estimate of the abundance of groups. 

 

Table 5.5 - Covariates retained by the models of abundance of groups for each species plus three 

subgroups including sightings of mixed-groups of Stenella spp. occurring together and single species 

sightings. P-value: probability of the covariate to be included in the model by chance; deviance 

explained (%): percentage of the deviance explained by the model.  For details on the variable codes see 

Table 1.2. 

Species/Group Variable retained df p-value 
Deviance 

explained (%) 

S. longirostris 

dis. coast 

ci 

ppr (2012) 

dis r. areas 

4 

8 

4 

4 

>0.05 7.1 

S. attenuata 

bathy 

aspect 

ppr (2011) 

dis r. areas 

3 

6 

3 

4 

0.0019 

0.0244 

>0.05 

>0.05 

18.1 

S. 

longirostris +  attenuata 

dis. reefs 

ppr (2011) 

dis r. areas 

4 

5 

4 

0.029 

0.016 

>0.05 

17.6 

longirostris 

dis. coast 

ppr (2011) 

dis r. areas 

5 

4 

4 

>0.05 12 

attenuata 
dis. coastal reefs 

slope 

5 

4 
>0.05 17.6 

T. truncatus 
dis. reefs 

ppr (2010) 

5 

3 
>00.5 11.8 

T. aduncus 
dis. coastal reefs 

ppr (2011) 

3 

3 
>00.5 23.4 

G. griseus 
dis. -200 isobath 

ppr (mixed) 

4 

5 

0.0154 

<<0.001 
39.3 

 

 

S. longirostris 

Based on GCV scores, four predictors were important to model abundance of groups 

for S. longirostris although none was statistically significant on its own: distance from 
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the coast, contour index, primary productivity (ppr) measured in the summer of 2012, 

and distance from resting areas (Figure 5.2).   

 

 

Figure 5.2 - Plots of the predictor’s smooth functions of the abundance of groups for S. longirostris as 

smoothed function of distance from the coast (dis_coast), contour index (ci), primary productivity 

measured in the summer of 2012 (ppr_2012), and distance to resting areas (dis_rareas). In the x-axis, 

distances are in meters and ppr in mg/m
2
d
-1

. Horizontal lines: no effect level; grey areas: 95% 

confidence interval; rug plot on the horizontal axes: indicates the number data points; y-axis numbers: 

effective degrees of freedom.  
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The surface map of predicted abundance showed that S. longirostris groups tended to 

concentrate in waters above the continental shelf and around the shelf-edge, 

decreasing beyond a certain distance from shoreline (~38 km). An exception was off 

Ras Banas peninsula where the shelf is very narrow and a relatively high number of 

groups was predicted above the slope and in deep waters. The small number of groups 

predicted in the most northern part of the study area (north of Hamata) was possibly 

due to the variable primary productivity because number of groups tends to decrease 

with low primary productive values (Figure 5.3).  
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Figure 5.3 - Surface map of predicted abundance of groups of S. longirostris in the southern Egyptian 

Red Sea (summers 2010, 2011 and 2012). Map obtained in ArcGIS with Kriging linear interpolation 

(interpolation distance equal to 7 km).  
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S. attenuata  

Four predictors were important when modelling abundance of groups for S. attenuata: 

bathymetry, ppr in 2011, distance from resting areas and aspect (Figure 5.4). As shown 

in Table 5.5, bathymetry and aspect improved the model fit significantly. Deep waters 

over the shelf-edge (> -200 m) and facing directions opposite to the coast (from N-NW 

to E-SE) resulted in conditions favourable to a larger number of groups respect to 

shallow waters suggesting that S. attenuata might prefer offshore waters.  
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Figure 5.4 - Plots of the predictor’s smooth functions of the abundance of groups for S. attenuata as 

smoothed function of bathymetry (bathy), primary productivity measured in the summer of 2011 

(ppr_2011), distance to resting areas (dis_rareas) and aspect. In the x-axis, distances are in meters and 

ppr in mg/m
2
d
-1

 Horizontal lines: no effect level; grey areas: 95% confidence interval; rug plot on the 

horizontal axes indicates the number of data points; y-axis numbers: effective degrees of freedom. 
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The surface map of predicted abundance showed that S. attenuata groups tended to 

overlap with S. longirostris along the continental shelf edge but also show a higher 

concentration of groups predicted along the slope and in deep waters (Figure 5.5). As 

for S. longirostris, the area around Ras Banas seemed particular important for S. 

attenuata showing the highest number of predicted groups. In the most northern and 

southern parts of the study area very few groups were predicted as only two single-

species sightings of S. attenuata were made and three of mixed species. 
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Figure 5.5 - Surface map of predicted abundance of groups of S. attenuata in the southern Egyptian Red 

Sea (summers 2010, 2011 and 2012). Map obtained in ArcGIS with Kriging linear interpolation 

(interpolation distance equal to 7 km).  
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Stenella spp. 

Variables retained by the different models including data from mixed and both single 

species groups suggested that the distribution of Stenella spp. was driven by different 

predictors: distance from reef, ppr in 2011 and distance from the resting areas for 

mixed groups; distance from the coast and again ppr in 2011 and distance from resting 

areas for S. longirostris; and distance from coastal reefs and slope for S. attenuata 

(Figure 5.6).  
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Figure 5.6 - Plots of the predictor’s smooth functions of the abundance of groups for mixed (a) and 

single species groups of (b) S. longirostris and (c) S. attenuata. Dis_reef: distance from reefs; ppr_2011: 

primary productivity estimated in 2011; dis_rareas: distance from resting areas; dis_coast: distance from 

coast; dis_recoas: distance from coastal reefs. In the x-axis, distances are in meters and ppr in mg/m
2
d
-1

. 

Horizontal lines: no effect level; grey areas: 95% confidence interval; plot on the horizontal axes 

indicates the data points: data points; y-axis numbers: effective degrees of freedom. 
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T. truncatus  

Distance from coral reefs and ppr in 2010 were the most important covariates to 

predict abundance of groups for T. truncatus, although they were not statistically 

significant likely due to the small sample size (Figure 5.7). The plot of the-distance-

from-reef variable smooth function indicated that waters within a distance of 

approximately 8 km from reefs (coastal of offshore) were more likely to be used by 

these dolphins. T. truncatus groups were also predicted to occur further offshore (> 24 

km from reefs or coast) but it is important to note that only one sighting occurred 

away from reefs. T. truncatus groups were predicted in medium-high productivity 

areas (ranging from about 700 to 1500 mg/m2d-2) with fewer groups predicted for the 

most and the less nutrient zones (Figure 5.7 – ppr_2010).  

 

 

Figure 5.7 - Plots of the predictor’s smooth functions of the abundance of for T. truncatus as smoothed 

function of distance from coral reefs (dis_reef) and primary productivity estimated in the summer of 

2010 ppr_2010). In the x-axis, distances are given in meters and ppr in mg/m
2
d
-1

 Horizontal lines:  no 

effect level; grey areas: 95% confidence interval; rug plots on the horizontal axes indicates the number 

of data points; y-axis numbers: effective degrees of freedom. 
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The surface map of predicted abundance showed that T. truncatus groups appeared to 

be concentrated around Ras Banas Peninsula up to 60 km north and 70 km south of 

the Peninsula head (Ras in Arabic) where almost the majority of the sighting occurred 

(Figure 5.8).  
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Figure 5.8 - Surface map of predicted abundance of groups of T. truncatus in the southern Egyptian Red 

Sea (summers 2010, 2011 and 2012). Map obtained in ArcGIS with Kriging linear interpolation 

(interpolation distance equal to 7 km).  
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T. aduncus  

Based on the GCV score, four predictors were important to model abundance of 

groups for T. aduncus although they were not statistically significant most likely due to 

the small sample size of sightings available for modelling: distance from coastal coral 

reefs and primary productivity in (Figure 5.9).  

 

 

Figure 5.9 - Plots of the predictor’s smooth functions of the abundance for T. aduncus as smoothed 

function of distance from the coastal reef (dis_rcoas) and primary productivity estimated in the summer 

of 2011 (ppr_2011). In the x-axis, distances are in meters and ppr in mg/m
2
d
-1

 Horizontal lines:  no effect 

level; grey areas: 95% confidence interval; plot on the horizontal axes indicates the data points: data 

points; y-axis numbers: effective degrees of freedom. 

 

 

The surface map of predicted abundance showed that T. aduncus groups appeared to 

be concentrated in the southern part of the study area, in the coastal water and the 

reefs found off Abu Ramad (Figure 5.10). The indication that medium-high level of 

primary productivity was important might be due to the fact that the species is found 

near coast or reef lagoons where the shallow waters are known to increase primary 

productivity. 
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Figure 5.10 - Surface map of predicted abundance of groups of T. aduncus in the southern Egyptian Red 

Sea (summers 2010, 2011 and 2012). Map obtained in ArcGIS with Kriging linear interpolation 

(interpolation distance equal to 7 km).  
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G. griseus  

Distance from the 200 m isobath and ppr (mixed) were the most important covariates 

to predict abundance of groups for G. griseus, and both variables improved the model 

fit significant (Figure 5.11).  

 

  

Figure 5.11 - Plots of the residuals of the abundance of groups for G. griseus as smoothed function of 

distance from the 200 m isobath (dis_200) and primary productivity estimated associating to each 

segment the respective month-year value (ppr_mix). In the x-axis, distances are in meters and ppr in 

mg/m
2
d
-1

 Horizontal lines:  no effect level; grey areas: 95% confidence interval; rug plot on the 

horizontal axes indicates the data points; y-axis numbers:   effective degrees of freedom. 

 

 

The surface map of predicted abundance showed that G. griseus groups appeared to 

be concentrated mainly in the southern stratum (Figure 5.12). The distribution of the 

species appeared to be driven by high nutrient areas (between 750 and 2000 mg/m2d-

2) explaining the southern distribution, as northern areas were usually more 

oligotrophic. The number of sightings per year (13, 1 and 4 in 2010, 2011 and 2012 

respectively) showed a similar trend to the yearly average primary productivity (1208, 

697, 729 mg/m2d-2 in 2010, 2011 and 2012 respectively). The second predictors, 

distance from the 200 isobath, suggested that groups were more likely to be 
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encountered above the continental platform (up to 14 km from the shelf edge) 

expanding few kilometres above the slope. 
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Figure 5.12 - Surface map of predicted abundance of groups of G. griseus in the southern Egyptian Red 

Sea (summers 2010, 2011 and 2012). Map obtained in ArcGIS with Kriging linear interpolation 

(interpolation distance equal to 7 km).  
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5.3.2 Abundance 

Estimates of abundance and density of groups and individuals for each species are 

shown in Table 5.6. Stenella spp. were the most abundant species, with numbers of 

individuals and densities one order of magnitude higher than the other three species. 

Tursiops spp. showed very similar values of few hundreds of individuals. G. griseus was 

the less abundant likely due to its localized distribution. 

 

Table 5.6 - Abundance (N) and density per km
2
 of groups and individuals for each species; n: number of 

sightings; cs: cluster size used to estimate abundance, CV: coefficient of variation; 95% L/UCL 95%: 

confidence interval, low and upper values. 

Species n 
Group 

cs 
Individual 

N D CV N D CV 95% LCL - UCL 

S. longirostris 53 171 0.00837 0.23 32.8 5,601 0.274 0.28 2,905 – 8,001 

S. attenuata 47 138 0.00680 0.21 41.5 5,745 0.282 0.23 4,245 – 9,244 

T. truncatus 20 84 0.00411 0.33 4.7 494 0.0243 0.55 77  –   875 

T. aduncus 12 70 0.00344 0.38 8.3 584 0.0287 0.43 172 – 1,088 

G. griseus 18 42 0.00208 0.38 5.9 250 0.0123 0.53 41  –   534 

 

 

5.4 DISCUSSION 

5.4.1 Analytical consideration 

Studying species’ ecology is generally not easy and it is even more difficult for 

cetaceans that usually have complex social structures and behaviours, and live in 

dynamic environments that in themselves are challenging to study. Cetaceans respond 

to a multitude of factors including the distribution of conspecifics, competitors, 

potential prey species and potential predators. Yet, obtaining information on these 

biotic factors at relevant temporal and spatial scales is almost never possible. It is thus 

not surprising that attempts to link cetacean distribution to the distribution of their 

prey or predators often do not yield conclusive results, and resulting correlations can 

be quite weak or even spurious (Rose & Leggett, 1990; Torres et al., 2008). In this 

study only few environmental variables were available for modelling, and some were 

limited by their available spatial resolution, such as the bathymetry data (see Chapter 
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2.2) or the remotely sensed data on primary productivity that were missing for August 

2010.  

 

The presence of thousands of reefs with different characteristics (i.e. size, exposure to 

the prevailing wind direction, presence of internal lagoon, and distance from the shelf 

edge) and rising almost vertically from the continental shelf contributed to habitat 

heterogeneity such as strong local currents and tide, and variation in temperature 

(Edwards & Head, 1987). The habitat generated by the reefs was important for some 

species such as S. longirostris and T. truncatus but for T. aduncus and G. griseus it is 

likely that models did not fully succeed in capturing the true underlying biological 

relationships. 

 

The biggest limitation in the analyses presented in this chapter was without doubt the 

small sample size available, in particular for Tursiops spp. and G. griseus (Table 5.3). 

This hampered the inclusion of more variables that might be important and the 

possibility to investigate the interaction between variables (e.g. distance from the reef 

Vs. bathymetry). The size of the study area (about 400 km in length), the small number 

of sightings available and the fact that they were pooled over three years also required 

a relatively coarse sampling unit (i.e. 9 km) to be used, likely reducing the spatial 

variability and thus potentially affecting the explanatory power of the models. Some 

edge effects where the model predicted higher abundance towards the edges of the 

study area despite lack of information in those areas were apparent for species with a 

limited number of sightings, such as G. griseus, in particular in the area around Ras 

Banas peninsula (Figure 5.12) 

 

During the survey design the study area was divided in three strata in an attempt to 

homogenize geographically and topographically different areas, such as the northern 

part (oligotrophic and with few reefs) and the central/southern parts (more rich in 

nutrient and with many reefs) (see Chapter 2.2). Even though this subdivision was 
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effective in identifying habitat differences, there were not enough data to carry out 

analyses by strata.  

 

Nevertheless the surface maps of predicted abundance provided some interesting 

information about distribution and higher density areas for each species and 

confirmed the presence of a possible core area for T. truncatus (from Satayah and Ras 

Banas) and for T. aduncus (the coastal area in the southern stratum) (see the next 

chapter).  

 

5.4.2 Distribution 

S. longirostris 

S. longirostris was (with S. attenuata) the most widely distributed species in the three 

strata of the study area (Figure 5.3). One of the variables retained by the model was 

the distance from resting areas. Resting areas for S. longirostris are known to exist in a 

few areas worldwide including Hawaii (Norris et al., 1994), French Polynesia (Poole, 

1995; Gannier & Petiau, 2006), and Fernando de Noronha archipelago, Brazil (Farro et 

al., 2008; Silva & Silva Jr, 2009). These areas are located near the coast or inside 

offshore-reef lagoons and are considered to provide a safe habitat from predators (e.g. 

sharks, Norris & Dohl, 1980)   allowing dolphins to rest comfortably in shallow and 

wave-sheltered waters during daylight hours after (or before) a night spent feeding 

offshore (Norris et al., 1994). The plot of the predictor’s smooth function (Figure 5.2 – 

dis_rareas) showed that within short distances from the resting areas (i.e. 15-17 km) 

the model predicted a low probability of finding groups. This might reflect the 

presence of a “resting area trapping effect” for which during daytime groups are more 

likely resting inside the lagoons and are thus not (or less) available for encounters in 

the waters nearby. With increasing distance from the resting area, this effect is likely 

to decrease and groups might become more available. This could explain the observed 

slight increase in predicted abundance of groups with increasing distance to the resting 

areas (and suggest that the probability to encounter S. longirostris is lower in the 

surrounding of the resting areas see Discussion in Chapter 4).  



Chapter 5 – Habitat modelling 

 

167 

In this study, S. longirostris dolphins were always encountered while swimming slowly 

at the surface, without any clear directionality and performing short dives (<1 min)., 

Feeding, foraging or fast travelling behaviours were never observed (M. Costa, pers. 

observation). These daytime behaviours which are all thought to be related to resting 

behaviour suggest that feeding occurred predominantly at night as has been observed 

elsewhere (Benoit-Bird & Au, 2003). Previous observations conducted in Samadai (M. 

Costa, pers. observation) reef in 2005-2006 also suggested no feeding activity during 

the day and regurgitations recovered from the dolphins indicated that S. longirostris 

mainly fed on mesopelagic squid and fish (Cesario, 2007). Such strong diurnal 

behaviour patterns likely affected the encounter probability of groups during the 

surveys. It is also likely that the observed distribution patterns for S. longirostris groups 

were influenced by factors other than the environmental variables investigated here, 

such as the (unknown) location of the night-time feeding grounds, the time lag 

between the end of the feeding activities and the sighting of a group, the availability of 

resting areas others than those described, and the sea conditions influencing the 

direction and drift speed of the resting animals. Analyses conducted using mixed-

species groups of Stenella spp. and single-species groups of S. longirostris showed than 

in both cases, distance from the resting areas was an important predictor but it was 

dropped when single-species groups of S. attenuata were modelled. This might suggest 

S. longirostris could influence the distribution of the mixed species groups more than S. 

attenuata.  

 

S. attenuata  

As S. longirostris, S. attenuata groups were spread widely across the study area but 

with highest number of groups predicted in offshore waters. This is congruent with the 

preferences of this species for deep waters observed in Gulf of Mexico (Wursig et al., 

2000) but not with what was found in the Sulu Sea (Dolar, 1999). The offshore waters 

also corresponded to areas with lower values of primary productivity and this might be 

the reason why the variable primary productivity (in 2011) explained some of the 

deviance in the model. Another reason could be that primary productivity could 
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explain data variability associated to mixed-species groups as it was dropped (together 

with distance from resting areas – see the paragraph above) when single-species 

groups of S. attenuata were modelled (Figure 5.6). 

 

The area around Ras Banas that was predicted important for both Stenella spp. might 

be a nocturnal feeding ground (or might be close to one) given that the 

physiographical features (such as steep slope, narrow shelf and bottom topography) 

are known to be the right habitat for the meso-pelagic cephalopods (Quetglas et al., 

2000) which Stenella spp. appear to be feeding on (Benoit-Bird & Au, 2003; Cesario, 

2007). Furthermore, several sightings were made in this area just before sunset with 

very active individuals (e.g. directional fast swimming, frequent aerial behaviour – such 

as jumps but no spin). These sightings were not included in the analyses because made 

off effort due to the lack of light. During one of the few night time repositioning trips 

while navigating from stratum 1 to stratum 3, a towed hydrophone was used and in 

the area off Ras Banas it recorded several minutes of dolphins whistles indicative of 

Stenella spp. (M. Costa, personal observation).  

 

T. truncatus  

The double distribution of T. truncatus groups in waters either around reefs or largely 

offshore does not seem to be due to an edge-effect. Offshore sightings were in fact 

reported both by the observations from dive guides (see Chapter 3.4) and in literature 

(Alling, 1986; Weitkowitz, 1992; Eyre, 1995; Eyre & Frizell, 2012). It is not clear if the 

groups observed in open water belong to an offshore ecotypes as is found for 

example, in the Californian waters (Perrin et al., 2011). Photo-identification studies 

should be done to understand the movements and possibly the range of T. truncatus 

individuals.  

 

T. truncatus was the only species observed feeding. Prey species included large 

Carangidae or Acanthuridae which were photographed in one dolphin’s mouth during 

three different sightings. Also, in these sightings long dives (> 5 min) and no evident 
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horizontal movements or directionality were observed (M. Costa, pers. observation). T. 

truncatus groups were predicted less abundant with very low or very high values of 

primary productivity. The year retained in the model for this variable was 2010 which 

corresponded to an unusual algal bloom occurring in the central Red Sea between 22° 

and 24° N of latitude. Figure 5.13 shows the formation of nutrient-rich areas 

concentrated along a large eddy extending from the Arabian to the African coasts. It is 

not clear why dolphins should avoid rich-nutrient waters and it is likely that the small 

sample size and the concentration of sightings around Satayah area (that is located in 

the less productive among the strata) resulted in the predictor to be a proxy for some 

other unknown factor.  
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Figure 5.13 - Surface map of predicted abundance of groups of T. truncatus plotted with the primary 

production data estimated in the summer 2010. 
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T. aduncus  

The southern area where T. aduncus groups were predicted as more abundant has 

similar characteristics to the waters off Hurghada, in the northern part of the Red Sea 

where  a “resident” population of T. aduncus have been studied since 2009 (Ziltener & 

Kreicker, 2013). This suggests the hypothesis that Red Sea coastal regions with 

abundant or large reefs might represent a favourable habitat for this species. The 

second area with a relatively high number of groups predicted by the model was 

located in the northern stratum off Hamata and included part of the offshore reefs 

belonging to the system called Fury Shoal that also includes Satayah (Figure 5.10). 

Although T. aduncus was not encountered there while on effort, several sightings 

occurred off effort, suggesting that the prediction is not an edge-effect. The small high-

density spot predicted off Shalatin might be an edge-effect as information gathered 

from the rangers of EEAA based in Shalatin, never reported the presence of T. aduncus 

(while instead they reported observations of B. edeni in particular in the summer – see 

Chapter 3). The habitat appears to be geographically and topographically favourable to 

the presence of the species. It is possible that the presence of the relatively large 

village of Shalatin might have an effect of the T. aduncus presence, although no direct 

catches or interactions with fishermen was reported (T. Rouphael, pers. 

communications).  

 

G. griseus  

The finding that groups were more likely to be encountered above the continental 

platform (up to 14 km from the shelf edge) expanding above the slope confirmed what 

is known about this species’ distribution elsewhere (Davis et al., 2002; Cañadas et al., 

2005; Azzellino et al., 2008; Jefferson et al., 2013). The presence of coral reefs 

relatively near to the slope (and thus to their presumed feeding ground) could 

represent a sheltered habitat for resting in protected waters while avoiding potential 

predators (i.e. sharks) (Heithaus & Dill, 2006). When encountered during this study, G. 

griseus individuals were always swimming slowly at the surface  without directed 

movements, making only short dives (less than 1 min), and frequently engaged in 
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floating and head-standing behaviours suggesting that animals were resting (Anderson, 

2005; Bearzi et al., 2011).  

 

These daytime observations also suggest that feeding might occur mainly at night. The 

surface map of the predicted abundance of groups showed the predicted high-density 

area extending north to Abu Fandira to the area off Hamata. G. griseus were never 

often in this northern part of the study area but were reported by dive guides working 

there (see Chapter 3.3.4). The model also predicts higher abundance around Abu 

Fandira than in the southern tip of the study area where the majority of the sightings 

were made. This is likely due to the inclusion in the model of the primary productivity 

that suggests that the species is more abundant with medium-high range of this 

variable. As in the extreme southern part of the study area primary productivity was 

lower this could explain the prediction of fewer groups for the species.  

 

5.4.3 Abundance 

The abundance estimates for individual species obtained using model-based methods 

(MB) showed the same patterns obtained with the design-based methods (DB) 

(Chapter 4.3.1). However, abundance and density estimates were generally smaller 

with the MBm than with the DB. Table 5.7 shows the difference in percentage 

between group sizes, encounter rates, abundances and densities obtained using the 

two methods. The negative sign was added to indicate if the MB estimates were larger 

or smaller than the DBm estimates.  

 

The first difference was that the dataset used with MB included more effort (40%), 

more sightings (between 26% and 50% more), and an area almost doubled in surface 

(48%). Average group sizes were generally smaller (from 6% to 33%) for MB than DB 

except for G. griseus where estimates were slightly higher (5.9 vs. 5.6 individuals for 

MB and DB respectively) (Table 5.7). Group sizes estimated with MB were based on 

larger datasets and therefore should be more accurate. There was no obvious reason 

to consider the group size estimates of sightings made Ad libitum were differently 
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biased compared to the DB because data were collected during the same period, 

across the whole region, using the same observers and vessels. S. longirostris group 

sizes estimated off effort in the resting areas showed higher values (see Chapter 3.3.3) 

but no difference was found between group sizes estimated from sightings on transect 

and Ad libitum. For this reason, the average group sizes obtained from the whole 

dataset were considered more reliable and the abundance estimates obtained with DB 

might therefore be slightly overestimated.  

 

MB encounter rates were smaller than DB ones for Stenella spp. and G. griseus (from 3 

to 26%) and larger for Tursiops spp. (15/16%) (Table 5.7). This last result is likely to be 

due to the fact that: (a) T. truncatus were found more concentrated around Satayah 

area, and (b) more navigation Ad libitum was carried in the waters around Satayah 

than around other reefs. This was because Satayah was logistically near the refuelling 

harbour (and the vessel was waiting there for permission to enter the harbour) and 

because it was used as a sheltered area during storms (the internal lagoon of Satayah 

is completely protected from waves and whenever a storm occurred and the vessel 

was nearby, the captain directed the vessel to the reef). Density and abundance 

estimates obtained with the DB method might therefore be more reliable for T. 

truncatus.  

 

The smaller number of individuals (and densities) estimated with the MB methods 

clearly reflects the smaller group sizes and encounter rates estimated. For S. attenuata 

the small number of individuals obtained was likely ascribable to a smaller group size 

used. In the DB abundance, in fact the group size used was not the average but the 

size-bias corrected values estimated in Distance (55 individuals) (see Chapter 4.3.1). 

For G. griseus abundance estimate with MB was similar to the estimation obtained 

with DB using the detection probability based on G. griseus sightings only (5%) and 

much smaller otherwise (see Chapter 4.4.1 for a discussion about G. griseus detection 

probability). The difference in the estimates of animal density for each species 

between the MB and DB (between 79% and 242% - Table 5.7) appears mainly due to 
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the fact that animals were not predicted to occur in those extra parts of the study area 

added to the core area used for DB. Figure 5.14 shows the surface maps of predicted 

abundance of groups for each species over the large area used with MB and the 

smaller area used with DBm. It appears that generally the northern area, an offshore 

strip running parallel to the coast, and the area south of Ras Banas peninsula were 

areas with low density of cetaceans. Thus, the inclusion of these areas might have 

contributed to a lower density estimate.  

 

Table 5.7 - Difference (in percentage) between cluster size (cs), encounter rate (ER), abundance of 

individuals (Ni) and density of individuals (Di) obtained using the model-based methods (MB) and the 

design-based methods (DB) and different datasets (on-effort data with MB and on-transect data with 

DBm, all navigated with Beaufort five or less). For G. griseus three abundance and density estimates 

were obtained using the DBm as three different datasets were used to estimate the  detection 

probabilities: alone=only sightings of G. griseus; Ssp=sightings of Stenella spp. were added to those of G. 

griseus; Tsp= sightings of Tursiops spp. were added to those of G. griseus. 

Species 
MB vs. DB (%) 

cs ER Ni Di 

S. longirostris -6 -15 -24 -139 

S. attenuata -12 -26 -79 -242 

T. truncatus -9 +16 -3 -98 

T. aduncus -33 +15 -13 -116 

G. griseus 

alone 

+5 -3 

5 -79 

+Ssp -47 -176 

+Tsp -121 -323 
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Figure 5.14 - Surface maps of the predicted abundance of groups for each species predicted over the 

large area used with MB and the smaller area used with DB (black-solid line) showing that the northern 

area, an offshore strip running parallel to the coast, and the area south of Ras Banas peninsula were 

areas of low density of cetaceans. 

 

 

5.5 CONCLUSION 

This chapter presents the first data on the distribution of S. longirostris, S. attenuata, 

T. truncatus, T. aduncus and G. griseus in the Red Sea using habitat modelling 

methods. The northern part of the study area seems to support fewer species and 

fewer individuals per species possibly due to its more oligotrophic waters, small 

number of reefs present and less physiographic variability. The area around Ras Banas 
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Peninsula seems to be important for Stenella spp. and T. truncatus. The southern 

stratum appears particularly important for G. griseus and T. aduncus that were mostly 

absent from other parts of the study area.  
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Chapter 6 Mark-recapture abundance estimates and 

movement patterns for Tursiops truncatus, T. 

aduncus and Grampus griseus 

6.1 INTRODUCTION 

Knowledge of the size and distribution of populations is an essential component to 

understand species’ ecology and to assess the conservation status of populations 

(Evans & Hammond, 2004; Hammond, 2010). The lack of these data can pose a serious 

threat for the conservation of populations, in particular for those areas, such as the 

Red Sea, where human activities (including petroleum-based activities, international 

tourism, fishery, and coastal development) have grown exponentially in the past years 

(PERSGA, 1998; Gladstone et al., 1999).  

 

In the Red Sea, knowledge about cetacean presence is very poor (PERSGA, 2004) and 

data on population sizes are missing for the entire basin. In 2005-2006 a study was 

carried out in the inner lagoon of Samadai reef (Notarbartolo di Sciara et al., in 

preparation-a) following two years of monitoring carried out by the rangers of the 

Egyptian Environmental Affairs Agency (EEAA) after a management plan was 

established for the area (Notarbartolo di Sciara et al., 2009). The management plan 

was intended to protect S. longirostris that regularly visited the area during daylight 

hours from the tourist activities carried out in the reefs including swimming with 

dolphins (Notarbartolo di Sciara et al., 2009). The 2005-2006 study used underwater 

photo-identification techniques in the lagoon and preliminary results based on mark-

recapture methods suggest that about 350 individuals of S. longirostris might use the 

area (Notarbartolo di Sciara et al., in preparation-a). Although the target species was S. 

longirostris, T. truncatus and T. aduncus were also sometimes encountered and 
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photographed there and, even though insufficient data were collected to carry out 

mark-recaptures analyses, a catalogue of individuals was started. In the northern part 

of the Red Sea, another study has been carried out since 2009, targeting the T. 

aduncus population found off Hurghada (Ziltener & Kreicker, 2013). This study is also 

based on underwater photo-identification and, although abundance estimates are not 

available, the catalogue includes 119 T. aduncus individuals, some of which were 

recaptured year-round (Ziltener & Kreicker, 2013). 

 

Mark-recapture methods have proven to be a successful way to investigate population 

parameters of many different species, include cetaceans (Hammond, 1986; Evans & 

Hammond, 2004; Hammond, 2009). In cetacean studies, these methods are generally 

based on photo-identification techniques that allow the capture and recapture of 

individuals without physical handling. The combination of multiple recapture occasions 

results in individual capture histories that are used by mark-recapture models to 

estimate demographic parameters of the population such as abundance (Wells & 

Scott, 1990; Williams et al., 1993; Calambokidis & Barlow, 2004), survival probability 

(Larsen & Hammond, 2004; Mizroch et al., 2004; Ramp et al., 2009; Silva et al., 2009), 

growth and recruitment rates (Barlow & Clapham, 1997) as well as residency and 

movement patterns (Bejder & Dawson, 2001; Larsen & Hammond, 2004; Balmer et al., 

2008; Fury & Harrison, 2008). The non-handling of the animals has the obvious 

advantage that the study is less likely to affect the survival and the behaviour of the 

animals (Hammond, 1986). A major drawback of using photo-identification is potential 

uncertainty in recognising individuals from photographs, especially over a long period 

of time. This depends on the type of marks used, on their persistency over time and on 

the quality of the pictures used.  

 

For cetaceans, natural markings used to recognise individuals focus on notches and 

nicks present on the dorsal fin (especially for delphinids) (Read et al., 2003; Mansur et 

al., 2012; de Boer et al., 2013), pigmentation patterns for killer whales, humpback 

whales and blues whales (Katona & Whitehead, 1981; Olesiuk et al., 1990; Sears et al., 
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1990) and rostrum callosities for right whales (Payne et al., 1981), all of which have 

proved to be reliable in studies over many years. 

 

Mark-recapture methods are based on a number of assumptions about marked 

individuals and their capture probabilities (Hammond, 2010). Assumptions about 

marked individuals are that marks must be (a) unique, (b) permanent, and (c) correctly 

recorded. Assumptions related to simple models are that (a) marking does not affect 

the ability to catch/re-sight the animal (survival or behaviour), (b) all individuals have 

the same probability of being captured at any sampling occasion, and (c) marked and 

unmarked individuals mix completely between sampling occasions.  

 

The violation of these assumptions may lead to biases in the parameters estimated for 

the population but there are models available that can accommodate heterogeneity of 

capture probabilities, a common problem in photo-identification studies. Mark-

recapture models assuming that the population is closed to births, deaths, and 

permanent emigration or immigration and, therefore, that population size is constant 

are known as closed population models. Use of these models is usually limited to short 

periods where the assumption of population closure is reasonable. In open population 

models, survival and recruitment probabilities of a dynamic population are estimated. 

Robust design models (Pollock, 1982) use closed models to estimate abundance from 

secondary sampling occasions within primary sampling occasions and open models to 

estimate probabilities of survival and temporary emigration between primary sampling 

occasions. Open and robust design models typically require long time series and large 

datasets to generate robust results. For cetaceans, long data series are available for a 

few studies only (Olesiuk et al., 1990; Clapham, 1996; Wilson et al., 2004; Cheney et 

al., 2012; Wells, 2014), because they are difficult to obtain for long-lived animals  

(Kendall et al., 1997). Furthermore, long time data series require that effort is 

maintained over many years and this is difficult to obtain. 

  



Chapter 6 – Mark-recapture 

 

180 

The simplest information provided by mark-recapture methods is the description of 

the movement patterns of identifiable and re-sighted individuals. This information can 

aid understanding of the spatial and temporal range of individuals (Scott et al., 1990; 

Bejder & Dawson, 2001; Calambokidis et al., 2001). Furthermore, assessment of animal 

movement patterns can provide useful information about the best method to study a 

population in a particular area (Hammond, 2009, 2010). 

 

In this project, photo-identification data on all species encountered were collected 

opportunistically during navigation on transect. However, preliminary analyses of the 

pictures collected for Stenella spp. showed that the data were of insufficient quantity 

(only a few individuals of each group were photographed) and quality (often only the 

tip of the dorsal fin was photographed) for analysis.  This was mainly due to the lack of 

time available for photo-identification during encounters, especially for species with 

large groups size (>15 individuals) and because Stenella spp. (and in particular S. 

longirostris) tended to swim with only part of the dorsal fin above the surface of the 

water (similar to a shark) while resting. However, photo-identification data for Tursiops 

spp. and G. griseus were of good quality because their body size, their behaviour at the 

surface and the small group sizes allowed good coverage of the individuals present 

that, for Tursiops spp. at least, generated sufficient recaptures for analysis. 

 

In this chapter, mark-recapture techniques were applied to photo-identification data 

for T. truncatus and T. aduncus to estimate abundance, and to Tursiops spp. and G. 

griseus to investigate individual movement patterns providing important information 

about preferential use of some parts of the study area. 
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6.2 MATERIALS AND METHODS 

6.2.1 Study area and data collection 

The study area and the survey methods used for data collection have been detailed in 

Chapter 2.2 and Chapter 2.4.1. Three surveys were carried out from five different 

research vessels (with lengths ranging from 30 to 38 meters) in the summers of 2010, 

2011 and 2012. Cetacean observations were made during navigation on transect and 

Ad libitum. Whenever a sighting was made, navigation was temporarily suspended and 

animals were approached in closing mode (Dawson et al., 2008) to identify the species, 

estimate the group size and collect behavioural and photo-identification data (see 

Chapter 2.4.1 for further details on survey protocol). Pictures were generally taken by 

two researchers from the vessel or from a small zodiac if sea conditions allowed. The 

cameras used were a Canon 7D and a Canon 450D both equipped with Canon EF 70-

200mm zoom lenses (f2.8 L IS II USM). When sightings were made inside reef lagoons 

(during navigation Ad libitum or when anchored) photo-identification was carried out 

from underwater while snorkelling using a Canon PowerShot G10 and a Panasonic 

Lumix x7 in waterproof housings (Canon WP-DC28 and a self-made water proof casing, 

respectively).  

 

Identification pictures were taken focusing on the notches and nicks present on the 

dorsal fin of T. truncatus, T. aduncus and G. griseus individuals. Scratches, wounds, 

scars and peculiar pigmentation patterns or fin shapes were also used to facilitate 

individual identification (Wursig & Jefferson, 1990). Attempts were made to 

photograph all individuals, irrespective of the distinctness of their natural markings. 

Time dedicated to photo-identification was limited to 30-45 minutes when sightings 

were made during navigation following tracklines allowing enough time to photograph 

all dolphins in the group. During navigation Ad libitum or when the vessel was 

anchored, photo-identification ended only when all animals in a group had been 

photographed, sea conditions deteriorated or darkness descended. A group was 

defined as an aggregation of the individuals in sight within a radius of 500 m, 
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irrespective of their behaviour. This was possible because groups of the three target 

species, T. truncatus, T. aduncus and G. griseus, were generally small (average group 

size was 6 individuals for all species, SD=4.7, range from 0 to 27) and generally did not 

change during the encounter. Underwater photo-identification was carried out for T. 

aduncus encountered in resting areas after photo-identification from the surface, to 

collect further information such as the gender and number of sub-adults (see Appendix 

2 for age class identification). Underwater data collection followed the same protocol 

adopted for surface photographs. 

 

6.2.2 Photo processing 

Pictures were viewed and processed using the software ACDSee Pro version 8 (2005 

ACD Systems, Ltd.). Individuals were assigned to one of four categories based on the 

number and size of notches, nicks and/or deformation observed on their dorsal fins. 

For G. griseus permanent scars were used as further identifiable feature. These 

categories were highly marked, well-marked, and marked (D1, D2, D3, respectively) 

and unmarked (see Appendix 3 for the definition of the distinctiveness categories) 

(Wursig & Jefferson, 1990). The best pictures (left, right or both if present) of each 

individual from each encounter were compared to pictures in the identification 

catalogue established in 2005 during a survey in Samadai reef (Notarbartolo di Sciara 

et al., in preparation-a). Each new individual was given a code composed of the first 

capital letter of the genus and species followed by a three-digit number (e.g. TA001 for 

the first individual of T. aduncus identified). In this study, abundance was estimated for 

all marked animals (D1,2,3) and for a subset of highly marked individuals (D1,2) to 

investigate if the cut-off chosen between well marked (D1,2) and marked individuals 

(D3) had an effect on the estimates of abundance and to reduce heterogeneity 

(Hammond, 1986; Friday et al., 2008).  

 

The quality of each picture in the catalogue was evaluated based on four features: 

focus, contrast, angle and size of the fin. Each feature was scored separately (1: 

perfect; 3: good; 5: poor; and, only for focus, 8: very poor) and the overall picture 
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quality was given by the sum of the features’ scores resulting in high quality pictures 

(Q1, score from 4 to 11), poor quality pictures (Q2, score greater than 11). In analysis, 

only high quality pictures were used for Tursiops spp. and G. griseus. Each individual 

was assigned to an age class (see Appendix 2 for age class identification): adult (A), 

juvenile (J), calf (C) and new-born (N). A fifth class, sub-adult, used only for T. aduncus 

identified underwater, was combined with the adult category. Only individuals from 

the adult category were used for mark-recapture abundance estimation because 

younger animals tend to be less well marked.  

 

6.2.3 Data analyses 

6.2.3.1 Abundance estimate for closed population 

Open population analyses (Jolly-Seber models and POPAN, Cooch, 2012) were briefly 

investigated as they include more flexible models and provide estimates of survival, 

recruitment and population growth rates (Hammond, 2010). These models could not 

be used, however, due to the small number of sampling occasions and the limited 

number of recaptures made in this study for all the species. Instead, closed population 

models were selected to estimate population sizes. 

    

Mark-recapture abundance estimation using two samples is based on the capture, 

marking and releasing of a sample of individuals (�) in a population  in a study area 

followed by a second capture occasion where another sample of individuals is 

captured (��) of which a number had been marked in the previous capture occasion 

(J�). If model assumptions are met, the proportion of marked animals in the second 

sampling occasion is an estimate of the proportion of marked animals in the 

population. The simple Petersen two-sample estimator for closed populations is thus 

given as:  � = ��� J�⁄ . To reduce the bias for small sample size, the Chapman-

modified Petersen estimator was used (Chapman, 1951): 

 � =
(� + 1)(�� + 1)

(J� + 1)
− 1 Formula 6.1 
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With the variance estimated as: 

 ��'��� = (� + 1)(�� + 1)(� −J�)(�� −J�)

(J� + 1)�(J� + 2)
 Formula 6.2 

 

In this study, abundance estimates were calculated for two periods of consecutive 

years (2010-2011 and 2011-2012) and between the first and the last year (2010-2012); 

sample size (sightings and number of identified individuals) was small in 2011 resulting 

in very limited recaptures between this year and the others. These estimates were 

averaged, as appropriate, to obtain an estimate of abundance for the three year 

period.  

 

Program CAPTURE (Otis et al., 1978) implemented within program MARK (White & 

Burnham, 1999) was used to estimate abundance. The model chosen was selected 

from a range of possible models using the results of the goodness of fit tests 

implemented by CAPTURE. The models considered included those with equal capture 

probability in all sampling occasions (M0) and with variation in capture probabilities: 

time-dependence (Mt); trap-dependence (Mb); individual heterogeneity (Mh); and 

combinations of these (Mtb, Mth, Mbh) (Hammond, 2010).  

 

6.2.3.2 Proportion of marked animals and total abundance estimate 

Mark-recapture models applied to photo-id data estimate the abundance of animals 

with appropriate markings. Therefore, to calculate the total number of individuals in 

the population (marked and unmarked), the estimates obtained with mark-recapture 

methods were rescaled by an estimate of the proportion of marked individuals in the 

population 25: 
 ������ =

�25  Formula 6.3 

 

An individual was considered unmarked when its natural markings were insufficient for 

it to be reliably recognised in future. However, the presence of temporary marks such 
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as scars, skin lesion or rakes, or a particular shape of the dorsal fin often provided 

enough cues to differentiate among unmarked individuals in the same sighting event. 

In this work the number of individuals of Tursiops spp. and G. griseus per group was on 

average low (around six) and all animals were usually photographed including the 

unmarked individuals allowing to obtain the marked/unmarked ratio using the 

photographed individuals instead of the pictures of the individuals.  

 

The proportion of marked individuals (D1,2,3) and highly marked individuals (D1,2) was 

estimated using a Generalized Linear Model (GLM) with a binomial distribution and a 

logit link function.  

 

The variance of the total abundance estimate was obtained using the delta method 

(Seber, 1982): 

 ��'; �������� = ������

� &��'; �����
+
��'; �25�25� 0 Formula 6.4 

 

The coefficient of variation was calculated as the standard error divided by the point 

estimate ���������� = @��'; (�����)/������. 

 

The 95% confidence interval was calculated assuming log-normally distributed 

estimates using the formula given by Burnham et al. (1987): 

 ����	� = ������/'    and    ����	� = ������' Formula 6.5 

 

where the parameter ' is estimated as: 

 ' = exp E1.96F���	 �1 + G��(������)H��I Formula 6.6 

 

6.2.4 Additional photo-identification data 

In the northern part of study area (stratum 1) photo-identification data were collected 

during three additional time periods and mostly with non-systematic spatial coverage: 
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in Samadai reef from October 2005 to September 2006 (Notarbartolo di Sciara et al., in 

preparation-a); on the winter line-transect survey in stratum 1 in December 2010 (see 

Chapter 3.3); and in Samadai reef again in 2010 (only April), 2011 (year-round), 2012 

(year-round) and summer 2013 (including 20 days in Satayah). Figure 6.1 shows a 

summary of all areas in the southern Egyptian Red Sea where data used in this chapter 

were collected.  

 

Data collection during the vessel-based surveys in winter 2010 followed the same 

protocol for the summer surveys. Data-collection during Samadai reef surveys was 

carried out from a zodiac anchored in the reef, and from a vessel anchored in Satayah 

during 20 days in the summer of 2013. Whenever a sightings was made, animals were 

approached by zodiac (if outside Samadai lagoon) or by snorkelling (if inside the 

lagoon) to collect photo-identification data. Generally, for the same sighting inside a 

lagoon, photo-identification from both underwater and the surface were attempted. 

However, during two sightings made in Samadai, dolphins did not exit from the lagoon 

where navigation is prohibited, and photo-identification from the surface was not 

possible. Data from these sightings were used in the analyses, even though 

underwater and surface photo-identification are two different methods. However, in 

both these sightings only one individual was present and the inclusion of the pictures 

was not considered to have introduced any bias. 

 

The cameras used were the same as described above except in 2005-2006 when the 

equipment was a Canon 350D with the same 70-200 lens when pictures were taken 

from the surface and a 16-35mm f 2.8 lens enclosed in a Nimar underwater housing 

when pictures were taken from underwater.  

 

In total, 14 sightings of T. truncatus and 14 of T. aduncus were made during all survey 

periods and in all locations (Table 6.1 - Figure 6.1). G. griseus was never sighted in 

stratum 1. 
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Table 6.1 - Number of sightings where photo-id data were collected by each of the three surveys for 

both Tursiops spp. Sam 05-06: survey at Samadai reef from October 2005 to September 2006; Win 10: 

vessel-based survey carried out in the winter of 2010; Sam 10-13: survey at Samadai reef from April 

2010 to August 2013. 

Species Sam 05-06 Win 10 Sam 10-13 Total 

T. truncatus 10 3 1 14 

T. aduncus 5 1 8 14 

 

 

 

Figure 6.1 - Areas where photo-identification data were collected during non-systematic surveys. (a) 

Samadai reef: data collection from October 2005 to September 2006 and during several months in April 

2010, year-round in 2011 and 2012 and during summer 2013; (b) winter surveys: data collected during 

vessel-based surveys carried out in December 2010 in stratum 1; (c) Satayah reef: data collected in the 

same period as for Samadai. Black diamond: T. truncatus sightings; black cross: T. aduncus sightings. 
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6.3 RESULTS 

For each species the number of sightings with identifiable dolphins (D1-D2-D3) and 

high quality pictures (Q1) used in the mark-recapture analyses are summarized in 

Table 6.2. Effort (expressed in kilometres navigated or days spent at sea) was similar 

for each year and the area was evenly covered during the surveys in the summers of 

2010, 2011 and 2012.  

 

Table 6.2 - Number of sightings (No. sight) and number of pictures (No. pics) used for photo-

identification and, in parenthesis, in total for each year for each species in the summers of 2010, 2011 

and 2012. Sightings included those where photo-identification was carried out, with high quality 

pictures (Q1) and/or with identifiable dolphins (D1-D2-D3). “+1 only D3” refers to sightings where all 

individuals were categorised as D3 and therefore they were included only when all marked individuals 

were considered; number of pictures of D3 individuals were also reported.  

Year 
T. truncatus T. aduncus G. griseus 

No. sight No. pics No. sight No. pics No. sight No. pics 

2010 10 365 (1,147) 5 224 (305) 8 383 (677) 

2011 5 701 (884) 4 263 (384) 1 12 (27) 

2012 10; +1 only D3 1,092; +13 (1929; +25) 10 227 (485) 4 413 (1,258) 

Total 25; +1 only D3 2,158; +13 (3,960; +25) 19 714 (1,174) 13 808 (1,962) 

 

For T. truncatus and T. aduncus the number of sightings and pictures (used for photo-

identification and in total) collected in Samadai reef from October 2005 to September 

2006, on the winter line-transect survey in stratum 1 in December 2010, and in 

Samadai reef in 2010 (only April), 2011 (year-round), 2012 (year-round) and summer 

2013 (including 20 days in Satayah), are showed in Table 6.3. 

 

Table 6.3 - Number of sightings (No. sight) and number of pictures (No. pics) used for photo-

identification and, in parenthesis, in total for each year for Tursiops spp. collected in Samadai reef from 

October 2005 to September 2006, on the winter line-transect survey in stratum 1 in December 2010, 

and in Samadai reef from 2010 and 2013. Sightings included those where photo-identification was 

carried out, with high quality pictures (Q1) and/or with identifiable dolphins (D1-D2-D3). 

Year 
T. truncatus  T. aduncus 

No. sight  No. pics No. sight  No. pics 

Samadai 2005-2006 6  197 (480) 4  294 (313) 

winter 2010 3  189 (223) 1  33 (36) 

Samadai 2010-2013 1  31 (52) 7  260 (459) 

Total 10  417 (755) 12  587 (808) 
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6.3.1 Tursiops truncatus 

The total number of marked adult individuals of T. truncatus was 91 of which 73 were 

highly marked (80%) and 12 moderately marked (20%) (Table 6.4).  

 

Table 6.4 - Number of adult individuals of T. truncatus identified using only highly marked individuals 

(D12), moderately marked individuals (D3) and all marked individuals (D123) in each year in the 

southern Egyptian Red Sea. In parenthesis, number of new individuals identified per category by year. 

Year D12 D3 D123 

2010 
28 

(28) 

7 

(7) 

35 

(35) 

2011 
24 

(23) 

5 

(3) 

29 

(26) 

2012 
32 

(22) 

11 

(8) 

43 

(30) 

Total new individuals 73 18 91 

 

 

The cumulative numbers of newly identified individuals (both D12 and D123) showed 

an increasing trend indicating that not all the marked dolphins using the area were 

identified in the three years (Figure 6.2). In 2011, a large group of T. truncatus was 

sighted (estimated group size = 27 individuals) which led to the largest single increase 

in the number of individuals identified (Figure 6.2). 
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Figure 6.2 - Cumulative curves of marked (cum. mark.) T. truncatus and number of newly identified 

dolphins (new ident.) of highly and moderately marked dolphins (D12) and all marked dolphins (D123).   

 

 

In total, 20 marked individuals (out of 91) were recaptured between sightings (with 16 

individuals sighted twice and 4 individuals three times) of which 15 individuals were 

recaptured between different years (10 highly marked and 5 moderately marked). 

Recaptures in consecutive years were six: 2 between 2010 and 2011 (one D1 and one 

D3), 3 between 2011 and 2012 (two D1 and one D3) and one individual (D3) 

recaptured in all years. The majority of the recaptures were made between 2010 and 

2012 (n=9) of which seven D1 and D2 and two D3. 

 

Recaptures were made in 44% of the sightings of D12 individuals and in 54% of the 

sightings of all marked individuals. Furthermore, 18% of all marked individuals and 19% 

of highly marked individuals were recaptured. 
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6.3.1.1 Mark-recapture abundance estimates for T. truncatus  

Abundance estimates obtained with the Chapman-modified Petersen estimator were 

highly variable because of the low number of recaptures made, in particular in 2011. 

The inverse-variance weighted means of the three estimates were 160 (CV=0.22) and 

215 (CV=0.19) individuals for D12 and D123, respectively (Table 6.5).  

 

Results of GOF tests calculated  in CAPTURE indicated that the null model M0 was the 

best fit for the dataset followed by the model including heterogeneity Mh. Abundance 

estimates generated using model Mh (Chao model) were 20% higher than model M0 

suggesting that taking heterogeneity into account was important and Mh models were 

therefore selected to estimate abundance. The population sizes estimated were 271 

(CV=0.30) highly marked individuals and 297 (CV=0.25) for all marked individuals, 

higher than the abundance estimates obtained with the Chapman-modified Peterson 

estimator (Table 6.5).  

 

The proportions of marked individuals were 0.61 (CV=0.07) for highly marked 

individuals and 0.79 (CV=0.04) for all marked individuals. The population sizes 

estimated with model Mh had smaller CVs than abundance estimates obtained with 

the Chapman-modified Petersen estimator and also took heterogeneity into account, 

and were therefore preferred. The total abundance estimate of T. truncatus was 

therefore 447 (CV=0.31) considering highly marked individuals or 378 (CV=0.25) for all 

marked individuals (Table 6.5). 

 

The average probabilities of capture estimated using model Mh for highly marked and 

for all marked individuals were low with values of 0.10 and 0.12, respectively. 
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Table 6.5 - Abundance (��) and total abundance (������� ), coefficient of variation (CV) and 95% 

confidence intervals for highly marked individuals (D12) and all marked individuals (D123) of T. 

truncatus obtained with different model M0 and Mh Chao in Capture and using the Chapman-modified 

Petersen estimator (CmP). W.mean: inverse-variance weighted means of the three CmP estimates. * 

Value selected. 

Individual Model/Estimator ��  CV���� 95% CI �� ����� CV��� ������ 95% CI 

D12 

CmP 

10-11 399 0.54 208-765 658 0.54 342-1266 

11-12 299 0.45 172-521 493 0.46 281-863 

10-12 143 0.26 103-198 236 0.26 168-330 

W. mean 160 0.22 121-212 265 0.22 200-353 

M0 216 0.26 141-374 356 0.27 253-501 

Mh 271 0.30 165-503 447* 0.31 303-659 

         

D123 

CmP 

10-11 359 0.45 205-628 456 0.46 260-801 

11-12 323 0.40 197-529 411 0.40 250-674 

10-12 191 0.23 142-257 243 0.24 179-329 

W. mean 215 0.19 169-274 274 0.19 214-350 

M0 223 0.20 161-340 283 0.20 219-367 

Mh 297 0.25 196-499 378* 0.25 274-521 

 

 

6.3.1.2 Spatial distribution of T. truncatus resightings 

Movements of recaptured T. truncatus between sightings in the summers of 2010, 

2011 and 2012 showed that dolphins mainly moved in the waters surrounding Satayah 

(11 recaptures with an average re-sighting distance of 18 km). Other recaptures were 

made in the St Jones area (six recaptures with an average distance of 7 km), between 

Satayah and St Jones (two recaptures, at 59 km and 75 km) and in the southern part of 

the study area (one recapture at 16 km) (Figure 6.3  a).  

 

Ten sightings made during the other periods in stratum 1 increased the number of 

marked individuals (D123) from 91 to 129 and the number of recaptures between 

sightings from 20 to 28. Movements of recaptured dolphins showed that individuals 

sighted in Satayah area were recaptured around Samadai (six recaptures with an 

average distance of 122 km) (Figure 6.3 - b). Three recaptures occurred around 

Samadai (at an average distance of 7 km) but the effort around the reef was intense 

suggesting that Samadai is not such a high-concentration area as Satayah, where more 

sightings occurred during only a few days of observations (see Chapter 3). In stratum 1, 
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three individuals out of the 17 encountered in winter 2010 were recaptured during 

summer. Although the sample size is small, results suggest that animals might be using 

the area in both seasons. 

 

Considering all the 28 recaptured individuals: for eight (29%) individuals maximum 

distances recorded ranged from 60 to 130 km, for four (14%) distances ranged from 24 

to 44 km, and for the majority (16 individuals, 57%) maximum distances recorded were 

less than 20 km. 

 

 

Figure 6.3 - T. truncatus sightings (D123) made (a) in the summers of 2010, 2011 and 2012 (black circles) 

and (b) during all the periods including Samadai surveys 2005-2006 (red circles), Samadai surveys 2010-

2012 (grey circle) and the 2010 winter survey (blue circles). Lines connect sightings in which marked 

individuals were recaptured in the period 2010-2012 (black lines) and considering all the sightings (grey 

lines). Only high quality pictures (Q1) were used to identify individuals. 
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6.3.2 Tursiops aduncus 

The total number of adult individuals identified was 46, of which 35 (76%) were highly 

marked and 11 were moderately marked (24%) (Table 6.6).  

 

Table 6.6 - Number of adult T. aduncus identified of highly marked individuals (D12), moderately 

marked individuals (D3) and all marked individuals (D123) in each year in the southern Egyptian Red Sea. 

In parenthesis, number of new individuals identified per category by year.  

Year D12 D3 D123 

2010 
13 

(13) 

4 

(4) 

17 

(17) 

2011 

12 

(11) 

 

4 

(4) 

 

16 

(15) 

 

2012 
15 

(11) 

3 

(3) 

18 

(14) 

Total new individual 35 11 46 

 

 

The cumulative number of identified individuals (both D12 and D123) showed no sign 

of plateauing after three years, indicating that not all the marked dolphins using the 

area had been identified (Figure 6.4).  
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Figure 6.4 - Cumulative curves of marked (cum. mark.) T. aduncus and number of newly identified 

dolphins (new ident.) of highly and moderately marked dolphins (D12) and all marked dolphins (D123).   

 

 

Seven marked individuals were recaptured, two of which were seen twice in the same 

year (2010 and 2012 respectively), and five were seen in two separate years. Only 

highly marked individuals (D12) were resighted. Most resightings were made between 

2010 and 2012 (four out of five). Using all the marked individuals for analysis did not 

increase the overall resighting rates because none of the lesser marked individuals 

were resighted thus lowering the overall resighting rate (15%) compared to highly 

marked individuals (20%.) 

 

 

6.3.2.1 Mark-recapture abundance estimates for T. aduncus  

The lack of recaptures for D3 individuals could be because of the small sample size or 

because, being more poorly marked, they were missed (false negatives). To minimize a 
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possible source of heterogeneity and therefore bias, further mark-recapture analyses 

were carried out including only highly marked dolphins (D12).  

 

Abundance estimates obtained with the Chapman-modified Petersen estimator were 

highly variable (Table 6.7) because of the low number of recaptures made. The 

inverse-variance weighted means of the three estimates was 48 (CV=0.24) (Table 6.7). 

Results of GOF tests calculated in CAPTURE indicated that model M0 was the best fit 

for the dataset followed by the model including heterogeneity Mh. The larger estimate 

obtained with the Mh model compared to M0 suggested that heterogeneity was 

important and model Mh was therefore used to estimate abundance. The number of 

highly marked T. aduncus individuals was estimated at 125 (CV=0.42) (Table 6.7). The 

proportion of highly marked individuals in the population was 0.551 (CV=0.10) 

resulting in a total estimate of abundance of 227 (CV=0.43) individuals using model Mh 

and 88 (CV=0.26) using the average obtained with the Chapman-modified Petersen 

estimator (Table 1.7). 

 

Table 6.7 - Estimates of abundance of highly marked individuals (��) and estimate of total abundance 

(�������), coefficient of variation (CV) and 95% confidence intervals for T. aduncus obtained with model 

Mh in CAPTURE and the Chapman-modified Petersen estimator (CmP). W.mean: inverse-variance 

weighted means of the three CmP estimates. * Value selected. 

Individual Model/Estimator ��  CV���� 95% CI �� ����� CV��� ������ 95% CI 

D12 

CmP 

10-11 90 0.50 49-165 163 0.51 88 - 303 

11-12 207 0.66 95-451 375 0.67 171 - 824 

10-12 44 0.12 31-62 79 0.30 55 - 115 

W.mean 48 0.24 35-66 88 0.26 64 - 122 

M0 98 0.36 58 - 211 178 0.38 111 - 285 

Mh 125 0.42 66-296 227* 0.43 132 - 388 

 

 

The average probability of capture estimated using the Mh model for highly marked 

individuals (D12) was 0.11. 
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6.3.2.2 Spatial distribution of T. aduncus resightings 

Movements of recaptured T. aduncus (marked individuals) between sightings in 

summers of 2010, 2011 and 2012 suggested that dolphins in stratum 1 and stratum 3 

did not mix (Figure 6.5 - a). In the southern stratum, four individuals were resighted in 

different years (three were seen in 2010 and 2012 and one in 2010 and 2011) in 

locations relatively close to each other (38 km apart on average, SD=22.6). In the 

northern stratum, three individuals were recaptured, one in 2010 at Samadai (8th of 

June) and Satayah (26th of June - 101 km apart) and two in Satayah lagoon (one on the 

27th and 28th of June 2012, and the other in 2010 and again in 2012). In stratum 2, only 

one sighting was made and no individuals were re-sighted.  

 

In stratum 1, adding sightings made during other surveys increased the number of 

highly marked individuals from 15 to 30, the number of recaptured individuals from 

three to 10, and the number of recaptures between sightings from three to 25 (Figure 

6.5 b). 
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Figure 6.5 - Sightings of highly marked individuals (D12) of T. aduncus made (a) in the summers of 2010, 

2011 and 2012 (black circles) and (b) during all periods including Samadai surveys in 2005-2006 (red 

circles), Samadai surveys in 2010-2013 (grey circle) and the 2010 winter survey (blue circles). Lines 

connect sightings in which highly marked individuals were recaptured in the summers 2010-2012 (black 

lines) and considering all the sightings (grey lines). Only high quality pictures (Q1) were used to identify 

individuals. 

 

 

Movements between Samadai and Satayah appeared to occur regularly, and two 

individuals were observed moving back and forth between the two reefs suggesting 

that the two areas might be of similar importance to them (Table 6.8). Three 

individuals were sighted 54 km north of Marsa Alam (Mubarak) and then re-sighted in 

Samadai or nearby and one of those individuals was subsequently re-sighted in 

Satayah. The shortest path distance between Marsa Alam and Samadai is 184 km 

suggesting that dolphins can travel substantial distances (Table 6.8). The mean 

distance of the recaptures made in the northern stratum 1, considering all the surveys, 

was larger (88 km, SD=126.4) than the mean distance between the recaptures made in 

the southern part of the study area (38 km, SD=22.6). 
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Table 6.8 - List of highly marked individuals recaptured in the northern stratum 1 during different 

surveys from 2005 to 2013. For each sampling occasion, area and date are reported: Samadai (area) 

includes 15 km around Samadai; Mubarak refers to a locality 54 km north of Marsa Alam; sightings in 

Samadai and Satayah were made in the internal lagoon of the reefs; A. Ghusun is a locality 25 km north 

of Hamata. The shortest path (minimum) distance between sampling occasions is also reported. 

Id Occasion 1 Occasion 2 
Occasion 

3 

Occasion 

4 

Occasion 

5 

Minimum distance 

(km) 

002 
Mubarak 

4/06 

Samadai 

(area) 

6/10 

Satayah 

6/10 
  184 

003 

Samadai 

(area) 

6/10 

Samadai 

5/12 

Samadai 

7/13 
  15 

004 

Samadai 

(area) 

6/10 

Samadai 

(area) 

11/12 

Samadai 

5/12 

Samadai 

7/13 
 15 

005 

Samadai 

(area) 

6/10 

Samadai 

12/11 
   15 

021 
Samadai 

10/05 

Satayah 

6/10 

Samadai 

5/12 

Satayah 

6/12 

Samadai 

7/13 
115 

022 
Mubarak 

4/06 

Samadai 

10/05 

Samadai 

5/12 

Samadai 

7/13 
 69 

023 
Samadai 

4/06 

Samadai 

(area) 

4/06 

Satayah 

27/06/12 

Satayah 

28/06/12 
 115 

024 
Mubarak 

4/06 

Samadai 

7/13 
   69 

057 
A. Ghusun 

12/10 

A. Ghusun 

6/11 
   4 

065 
Satayah 

6/12 

Samadai 

7/12 

Satayah 

28/07/13 

Satayah 

29/07/13 

Satayah 

31/07/13 
115 

078 

Samadai 

(area) 

11/12 

Samadai 

7/13 
   7 

 

 

6.3.2.3 Stratum-specific estimates of abundance for T. aduncus  

Stratum-specific abundance estimates for highly marked individuals in stratum 1 and in 

strata 2+3 combined were also obtained, but only by using CAPTURE. For stratum 1, 

sightings from all the surveys were used and model M0 was preferred by CAPTURE 

over model Mh  but because the estimated abundance for model Mh was much larger 

(by 20 individuals) this last was selected. For strata 2+3 abundance estimates, the 

results of the two models were similar (difference of only 9 individuals) suggesting that 

model M0 (that was also indicated by CAPTURE as the best model) might be a better 
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model. However, for consistency, abundance estimates from Mh Chao models were 

used for both strata for summing over the total area and for comparison with the 

estimates obtained with data pooled over the whole study area. The estimated 

number of individuals was 63 (CV=0.33) for stratum 1 and 52 (CV=0.45) for strata 2+3 

(Table 6.9).  

 

Total abundance estimates were obtained by rescaling by the proportion of highly 

marked individuals (0.609, CV=0.08 for stratum 1, and 0.480, CV=0.15 for strata 2+3) 

resulting in 103 (CV=0.34) individuals for stratum 1 and 108 (CV=0.47) individuals for 

strata 2+3 (Table 6.9). The sum of the total estimates of abundance of T. aduncus 

obtained from rescaling for the proportion of marked individuals was 212 (CV=0.29) a 

number very similar to the estimates obtained for the pooled data over the whole area 

using CAPTURE (������ =227, CV=0.43).  

 

Table 6.9 - Stratum-specific estimates of abundance for highly marked (D12) individuals (��) and 

estimates of total abundance , coefficient of variation (CV) and 95% confidence intervals for stratum 1 

and stratum 2+3. For stratum 1, data from all surveys were used; for strata 2+3 data from the summer 

surveys in 2010, 2011 and 2012 were used. * Model selected. 

Individuals Stratum n Period Model ��  CV���� 95% CI �� ����� CV��� ������ 95% CI 

D12 

1 30 05-13 
M0 43 0.16 35 - 64 71 0.18 56 - 89 

*Mh 63 0.33 41-163 103 0.34 67 - 159 

2+3 20 10-12 
M0 43 0.36 27-97 90 0.39 55 - 146 

*Mh 52 0.45 29 - 135 108 0.47 61 - 193 

 

 

The average probability of capture was estimated to be 0.143 in stratum 1, and 0.188 

in strata 2+3, both higher than the value estimated from the pooled analysis (0.107). 

 

6.3.2.4 T. aduncus use of the reef 

T. aduncus was found inside a reef lagoon 15 (45%) times, close (average 445 m, 

SD=310) to a reef six (18%) times, close (average 273 m, SD=372) to the coast six (18%) 

times and offshore (average 3,593 m, SD=1,892) six (18%) times. Sightings inside a 

lagoon were made five times in Samadai, eight times in Satayah, once in Abu Fandira 
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and once in another reef (Figure 6.5). Inside lagoons, dolphins were always observed 

while presumed to be resting, swimming slowly back and forth, with short dives 

(<1min) and without displaying aerial behaviour. Young animals were often present. 

Feeding activity was never observed. In Satayah and Samadai, observations lasted for 

an average of 8h and on 11 occasions out of 13, S. longirostris were also present. In 

Samadai T. aduncus were found only once swimming together with S. longirostris while 

at the other times the groups were swimming a few tens of meters apart. In Satayah, 

T. aduncus and S. longirostris were always seen swimming together. Dolphins left the 

lagoon a few minutes before sunset. S. longirostris groups were able to be tracked for 

a while outside the lagoon but T. aduncus groups were lost immediately they moved 

outside. 

 

Of the six sightings made near the reefs, T. aduncus were passing by on three 

occasions and were presumed to be resting (swimming back and forth in the same 

area) on the other three occasions.  

 

6.3.3 Grampus griseus 

The total number of adult individuals identified was 74, of which 63 (85%) were highly 

marked and 11 (15%) moderately marked (Table 6.10). 

 

Table 6.10 - Number of adult individual of G. griseus identified considering highly marked individual 

(D12), moderately marked individuals (D3) and all marked individuals (D123) in each year in the 

southern Egyptian Red Sea. The number of new individuals identified per category by year is given in 

parenthesis.  

Year D12 D3 D123 

2010 
39 

(39) 

6 

(6) 

45 

(45) 

2011 
1 

(1) 

0 1 

(1) 

2012 
25 

(23) 

6 

(5) 

31 

(28) 

Total new individual 63 11 74 
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The cumulative number of identified individuals (D12 and D123) showed no sign of 

levelling off after three years, indicating that not all the marked dolphins using the 

area had been identified (Figure 6.6). Data included all quality pictures. 

 

 

Figure 6.6 - Cumulative curves of marked (cum. mark.) G. griseus and numbers of newly identified 

dolphins (new ident.) of highly and moderately marked dolphins (D12) and all marked dolphins (D123).   

 

 

Two D12 individuals and one D3 individual were sighted in different years. A further 

eight individuals were sighted in the same year (four in 2010 and four in 2012). The 

total number of resightings in the same year was nine considering that the individual 

GG056 was captured twice in 2012. None of the individuals was encountered in all 

three years. The only individual identified in the only sighting made in 2011 (GG056) 

was also sighted in 2012. Resightings were made in 54% of all encounters, and 14% of 

D12 individuals and 18% of D123 were resighted between and within years. 
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Due to the small number of recaptures, mark-recapture methods were not applied to 

G. griseus.   

 

6.3.3.1 Spatial distribution of G. griseus resightings 

Distribution of G. griseus sightings showed that the dolphins were mainly encountered 

around Abu Fandira and in the southern part of stratum 3, a zone including few 

isolated offshore reefs. The only sighting made outside stratum 3 occurred in the St 

Jones area in 2011 (Figure 6.7). Movements of the 11 resighted individuals (D123) 

suggested that the whole area, from St Jones to Abu Tess (168 km), might be used. In 

2010, two individuals sighted on the 3rd of August near Abu Tess were recaptured 13 

days later in Abu Fandira at a shortest path distance of 85 km. Four individuals were 

resighted around Abu Fandira in 2012 on 7th of July and again on 16th of July at an 

average distance of 6 km. Four other individuals were seen around Abu Tess (average 

distance of 18 km), two in 2010 and again in 2012 and two in 2010, the first on two 

consecutive days on 3rd and 4th of August and the second on 4th of August and again 9 

days later. One individual sighted in 2011 in the St Jones area was resighted in 2012 

around Abu Fandira at a shortest path distance of 74 km.  
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Figure 6.7 - G. griseus sightings (D123) made in the summers of 2010, 2011 and 2012 (black circles). 

Lines connect sightings in which marked individuals were resighted in the period of 2010-2012 (black 

lines).  
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6.4 DISCUSSION 

6.4.1 Data limitations 

The major technical issue in this chapter is the limitation of available data, both in 

terms of number of sampling occasions and number of resightings of identifiable 

individuals. This was not a surprise because the field surveys were designed to meet 

the requirements of line transect surveys (see Chapter 2.1.1), with mark-recapture 

data collected opportunistically. The small number of resightings was a result of photo-

identification data being collected over a large area with limited spatial coverage and 

few repeat surveys (i.e. a small number of sampling occasions). Dolphin groups were 

only approached for photo-identification when permitted by the general survey 

protocol, resulting in small sample sizes with pictures collected in only 50% of all 

Tursiops spp. sightings and 65% of all G. griseus sightings. The time spent 

photographing the dolphins was also limited and not all animals might have been 

photographed during an encounter. Furthermore, the zodiac could only be deployed 

during good sea conditions to approach the dolphins more closely, and the large vessel 

had limited manoeuvrability to follow a dolphin group for optimal photo-identification 

conditions. Thus, the opportunistic nature of mark-recapture data collection is likely to 

have generated the poor precision of the estimates. The presence of biases due to 

heterogeneity is discussed in section 6.4.3 . 

 

Another problem affecting the data in this chapter was the small number of sightings 

made in 2011 compared to the other years; the number of sightings was 36% lower 

than in 2010 and 92% lower than in 2012, despite survey effort being very similar 

across years. The lower number of sightings in 2011 could have resulted from relatively 

poor sea conditions in 2011 with 72% of navigation time in Beaufort 4 or greater, 

compared to 42% in 2010 and 47% in 2012. Other environmental factors (such as low 

primary productivity - see Chapter 4) could have affected the distribution of the 

dolphins and led to a lower number of sightings.  Annual variability in environmental 

conditions could have affected G. griseus in particular because this species’ 
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distributional range clearly extended beyond the study area (offshore and south into 

Sudanese waters), and thus dolphins might not have been available for sampling in 

2011. 

 

6.4.2 Closed model assumptions 

Mark-recapture analyses using closed population models assume both demographic 

closure (i.e. no births, no deaths) and geographic closure (i.e. no movements in or out 

of the study area) between the sampling periods (Seber, 1982). In this study, data were 

pooled over three years and assumptions of population closure were likely violated 

leading to a potential overestimation of the overall population size. Hammond (1986) 

estimated an approximate positive bias of 23% over a period of two complete years, 

based on a recruitment rate of 0.1 and survival rate of 0.9. If survival rate is higher 

(and recruitment rate lower) the bias will be less, which seems likely based on survival 

rates estimated in other regions for T. truncatus (Wells & Scott, 1990; Haase & 

Schneider, 2001; Gaspar, 2003; Fortuna, 2007; Corkrey et al., 2008; Silva et al., 2009; 

Speakman et al., 2010; Daura-Jorge et al., 2013), T. aduncus (Mansur et al., 2012; 

Smith et al., 2013) and G. griseus (Kasuya, 1985; Taylor et al., 2007). In summary, a 

positive bias of approximately 20% in population sizes estimated in this chapter is 

likely. Given the low precision of the estimate such a bias is reasonable for first 

estimates of abundance.  

 

6.4.3 Heterogeneity in capture probability 

Heterogeneity in capture probability due to inherent characteristics of animals (i.e. 

age, sex , physical condition, etc.) was likely present for both Tursiops spp. but the 

small sample size did not allow an account for these factors explicitly in the analyses. 

For T. aduncus, heterogeneity was likely present due to individual preferences for 

different areas. Results from mark-recapture analyses and the distribution of 

recaptured individuals indicated the presence of a northern and a southern group. 

Heterogeneity in capture probabilities was indicated by the models using the whole 
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dataset. Heterogeneity was also present in the stratum-specific module for stratum 1 

but not for the stratum-specific model for the southern strata. It is likely that 

heterogeneity was introduced when data from different surveys in the northern 

stratum were added. This is because data collection was carried out in two locations 

(Samadai and Satayah) and only the individuals that used those areas were available to 

be recaptured.  

 

Abundance estimates obtained for marked individuals and for the subsets of highly 

marked individuals did not show large differences for T. truncatus (Table 6.5) 

suggesting that the fins of D3 animals contained enough information to make them 

reliably identifiable, at least over the three years of study. For T. aduncus no 

recaptures were made among moderately marked individuals (Table 6.7). Sample size 

was too small to investigate if the lack of recaptures was due to a possible 

misidentification of “less” marked individuals.  

 

6.4.4 Population distribution 

T. truncatus  

For T. truncatus, the relatively high number of sightings and recaptures made around 

Satayah suggest that the region might be an area of aggregation for the population. A 

certain degree of fidelity toward this area, however, was not sufficient to define T. 

truncatus in this study as “resident” (sensu Bearzi et al., 2008) . The observed longer-

range movements (around 130 km from Samadai to Satayah) and the relatively large 

number of dolphins estimated by mark-recapture analyses (of the order of a few 

hundred) could indicate some sub-structure in the population with some animals more 

“resident” around Satayah and other animals that are “visitors” from other areas, as 

has been observed for other coastal T. truncatus  such as in Florida, USA (Balmer et al., 

2008).  

 

In the study area, the majority of the sightings occurred around the offshore reefs of 

Satayah and St Jones (Figure 6.3). Other sightings were reported from dive guides (see 
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Chapter 3.3.7) around the few islands (Brother Islands and Zabargat and Rocky Islands) 

and the only reef (Daedalus) located far from the coast (80-100 km away) in the middle 

of the Red Sea (Figure 3.9). Only one sighting has been reported in the literature in the 

middle of the northern Red Sea, 68 km southeast from the Brother Islands, by Eyre and 

Frizell (2012). The other surveys carried out that crossed the basin along its main axis 

have not reported observations in the northern part of the Red Sea (Alling, 1986; 

Weitkowitz, 1992; Eyre, 1995). This study showed that T. truncatus moves relatively 

long distances (about 30% of the recaptured animals moved distances ranging from 60 

to 130 km). The results shown in this thesis, combined with data from the literature, 

suggest that coral reefs far from the coast or in the proximity of deep areas might be 

an important feature for T. truncatus.  

 

The importance of open waters for the species in this area is not known but might be 

as a travelling zone. The Red Sea is relatively small with an average width of 280 km 

from the African to the Arabian coast (Edwards & Head, 1987) and the presence of 

several isolated islands/reefs in the middle (along the whole sea) and along the coast 

suggests that T. truncatus might travel between these areas. The fact that T. truncatus 

in the Red Sea has a relatively large body size (around 4 m, unpublished data) suggests 

that there might be a low risk from possible predators present in the area (white 

sharks, tiger sharks, oceanic white tips sharks), at least for adult individuals.   

 

The fact that reefs and islands are generally small (with the largest ranging from 1 km 

to 15 km long) indicates that they would be unlikely to support a large population of 

dolphins; T. truncatus might therefore need to move constantly among different areas 

for feeding. Areas such as Satayah and St Jones with a high number of reefs (8-20) 

separated by relatively deep waters (around 100-200 m), or relatively near to the 

shelf-edge, might generate a suitable habitat to support higher numbers of animals or 

more “resident” individuals. Possible T. truncatus competitors in the area are not 

known but it is likely that large sharks and bony-fish as well as P. crassidens might also 

gather around offshore reefs and islands.  
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In the southern part of the study area (Figure 6.3) only two sightings (with 

photographs) were made (one in 2011 and one in 2012, 16 km away) and, of the 11 

individuals identified, one was recaptured. No animals were recaptured between the 

southern and northern strata. It remains unclear whether or not these dolphins form a 

different sub-group compared to the individuals observed around Satayah, given the 

small sample size and the small distance between the southern sightings and St Jones. 

Along the northern part of the Sudanese coast, located only 60 kilometres to the 

south, a system of offshore reefs similar to Satayah and St Jones area is present and 

might be suitable habitat for T. truncatus.  

 

T. aduncus  

The absence of recaptures between dolphins observed in the northern stratum and  in 

the central and southern strata suggests that two small (order of magnitude of one 

hundred individuals) distinct sub-groups of T. aduncus might be present (Figure 6.5 - 

a). This could be the result of the physiographic differences that characterize the 

northern and the southern parts of the study area. The southern part has large areas 

of sheltered and shallow waters and hundreds of coral reefs and pinnacles that form 

an intricate network of canals and lagoons along the coast (Chapter 2.2). The area off 

Hurghada (in the northern part of the basin) featured similar characteristics, and a 

study conducted since 2009 suggested that this area is used by a population of about 

119 resident T. aduncus (Ziltener & Kreicker, 2013).  

 

In contrast, in the northern part of the study area, only a few isolated reefs and small 

lagoons are present and dolphins must travel relatively long (some tens of kilometres) 

distances between these areas along the coast. Group size in the northern stratum was 

found to be smaller than in the southern stratum, which might be influenced by 

differences in the available food resources between the two areas, as has been found 

for populations elsewhere (Gowans et al., 2007). The presence of different 

subpopulations sharing the same lagoon or living in adjacent waters is not uncommon 
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for this species (Hawkins & Gartside, 2008; Wiszniewski et al., 2010; Ansmann et al., 

2013).  

 

As found for T. truncatus, T. aduncus was often seen associated with offshore reefs, in 

particular Satayah and Samadai. In the area around these reefs,  T. aduncus was 

observed resting inside the lagoon all day while T. truncatus was present outside the 

reef (with five and six sightings made less than 2 km from Satayah and Samadai, 

respectively) and was involved in many different activities including resting/socializing, 

fishing, travelling. This suggests that the two species might use the space around the 

reef in different ways.  

 

Tursiops spp. were never encountered together (see Table 3.4). T. aduncus was 

encountered only with S. longirostris and always inside resting areas (Satayah, Samadai 

and Abu Fandira) while T. truncatus was found with G. griseus, S. attenuata and both 

Stenella spp. On one occasion in Satayah, S. longirostris and T. aduncus were followed 

(by zodiac) while leaving the lagoon together at sunset but T. aduncus were 

immediately lost outside the reef and after 10 minutes a group of 6 T. truncatus joined 

the S. longirostris group. This suggests that although Tursiops spp. appear to share 

some offshore reefs they might actively avoid each other. T. truncatus is known to 

have shown aggression to other species of cetaceans, including Phocoena phocoena 

and Cephalorhynchus commersonii (Patterson et al., 1998; Wedekin et al., 2004; 

Wilson et al., 2004; Barnett et al., 2009; Coscarella & Crespo, 2010) and, although no 

evidence was found in this study, this possibility should be investigated. 

 

T. aduncus has been frequently observed using Samadai reef as a resting area and a 

large part of the northern dolphin sub-population visited the area. This suggests that 

Samadai might be a suitable location to monitor the population, in particular because 

researchers might use the logistics provided by the tourism activity in the area, greatly 

reducing the cost of the monitoring. Other areas where population-level monitoring 

could be carried out include Satayah and the area around Wadi Gemal island where 
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the ranger of Egyptian Environmental Affairs Agency is based, thus facilitating the 

logistics. 

 

G. griseus  

G. griseus was encountered only in the southern part of the study area while resting in 

open waters above the edge of the continental shelf (Figure 5.12). These observations 

are in line with the observation that the preferred habitat of this species is waters over 

the continental slope (Jefferson et al., 2013). In this study, 50% of the sightings were 

made within 10 km to Abu Fandira reef which is located less than 5 km from the shelf-

edge, suggesting that offshore reefs might be more important than continental waters 

for G. griseus. The role of the reef for the dolphins was not clear. Dolphins were mainly 

found on the wave-exposed side of the reef suggesting that protection from rough sea 

was not important. Furthermore, G. griseus were also encountered near the reef in 

calm seas. Another hypothesis could be that the reef might provide shelter to decrease 

the risk of shark predation. Sharks known to live around reefs (such as white-tip and 

black-tip reef sharks) are small (<2m in length) and are mainly scavengers, while large 

and potentially dangerous sharks (such as tiger shark, mako sharks, hammerhead 

sharks, bull sharks and white sharks) are mainly offshore (Edwards & Head, 1987). 

Furthermore, outside Abu Fandira, local fishermen have often been observed fishing 

with lines at sunset. The people from the boat crew belong to families of fisherman 

and they reported that in the past sharks were more present and caught but in the last 

years there have been progressively fewer (Ahmed, Makharita captain, personal 

communication).  

 

The results presented here and in Chapters 4 and 5 all suggest that the southern part 

of the study area partially overlapped with a much wider population range. This range 

might extend to the south of the study area in Sudanese waters as well as offshore. 

Mark-recapture approaches used in this chapter might therefore not be the most 

appropriate methods to study this population, at least until the range of the 

population is better understood.     
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6.5 CONCLUSION 

The mark-recapture abundance estimates reported in this study are the first for the 

Red Sea for T. truncatus, T. aduncus and G. griseus. Despite the small sample size and 

the possibility of bias, the estimates reported in this chapter suggest that the number 

of individuals was in the order of some hundreds of individuals and that the three 

species showed a certain degree of site fidelity for different zones within the study 

area. Although sightings of Tursiops spp. partially overlap, the two species were never 

seen together and use the areas such as Satayah and Samadai in a different way, 

suggesting avoidance. For Tursiops spp. mark-recapture proved to be an efficient 

method to study the populations despite the fact that the survey design was not 

planned to collect photo-identification data. For G. griseus further surveys should be 

carried out to better identify the range of the population and possibly higher density 

areas.  

 

For all species, results indicated a certain degree of site fidelity for three offshore 

reefs, Samadai, Satayah and Abu Fandira, areas also known to be used as resting areas 

for S. longirostris. Two of these reefs are regularly visited by tourists suggesting that 

future researchers could use platforms of opportunity to reach the reefs and so 

decrease the budget needed for research. Furthermore, while tourism in Samadai has 

been managed since 2004, in Satayah there is a big problem related to dolphin 

harassment by whale-watching/swimming with dolphin activities (HEPCA, pers. 

communication; M. Fumagalli, pers. communication). In Abu Fandira, tourism is very 

rare and currently does not seem to be a problem. The results of the research 

presented in this chapter should help to inform the development of a strategy for 

management of tourist activities to promote the conservation of these cetacean 

populations.  
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Chapter 7 General Discussion 

7.1 Filling the gaps in knowledge 

Cetaceans are charismatic animals that play important roles in marine ecosystems 

worldwide in particular as umbrella species. They are also vulnerable to the impacts of 

human activities and robust scientific information is required to inform conservation 

policy and objectives, and to allow appropriate management action to be taken, e.g. 

the establishment of Marine Protected areas (MPAS) (Kontoleon & Swanson, 2003). 

Cetaceans have also been widely proposed as umbrella species to help achieve 

broader conservation objectives. Improvements in knowledge of cetacean biology and 

ecology are therefore important not only for their conservation but also for the 

conservation of ecosystems and other less iconic organisms (Dawson & Slooten, 1993; 

Hooker et al., 1999; Hooker & Gerber, 2004; Fury & Harrison, 2008; Notarbartolo di 

Sciara et al., 2008; Bearzi, 2012; Hoyt, 2012). In some areas, such as the North Sea and 

the northern Atlantic Ocean (Hammond, 1995; Wilson et al., 2004; Hammond & 

Macleod, 2006), the Mediterranean Sea (Fortuna, 2007; Bearzi et al., 2008b), the Gulf 

of Mexico (Wells, 2003; Mullin & Fulling, 2004), and Eastern Tropical Pacific 

(Gerrodette & Forcada, 2005) cetaceans have been studied for decades. In other areas, 

such as the seas around developing countries or countries with social and political 

instability, information is limited mainly due to lack of resources (Aragonés et al., 

1997). In these countries, the rapid growth in the human populations as well as in 

human activities has often resulted in an overexploitation of marine resources often 

also impacting cetacean populations (Leatherwood & Donovan, 1991; Dolar et al., 

1994; Dolar, 1994; Aragonés et al., 1997; Anderson, 2013). The magnitude of the 

impact of these activities remains unknown in most of these areas because of a lack of 

information about abundance and distribution of cetacean populations (De Boer et al., 

2002). 
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In the Red Sea, the project of which this thesis formed a part was undertaken because 

knowledge about cetaceans was considered to be poor in the region (PERSGA, 2004; 

Notarbartolo di Sciara et al., 2007). This project aimed to provide robust information 

on cetacean abundance and distribution, to help inform the development of a 

conservation strategy for the existing protected areas of Wadi El Gemal-Hamata and 

Gebel-Elba in the southern Egyptian Red Sea. In the southern part of the Red Sea, 

Samadai is the only example of an existing management plan specific for cetaceans 

and protecting the lagoon where S. longirostris are regularly resting (Notarbartolo di 

Sciara & Costa, 2007). The Samadai plan, however, did not take into account the 

waters surrounding the lagoon (within 500 m from the reef) that might be also 

important for S. longirostris and other cetacean species. This study represents the first 

systematic large-scale survey of cetaceans in this region and aims to provide 

information about the species of cetacean present, their abundance and distribution. 

The study area included the waters off the southern Egyptian coast from Marsa Alam 

to the border with Sudan (see Figure 2.1) over about 400 km of coastline.  

 

The Red Sea is the extreme northern appendix of the Western Tropical Indian Ocean 

(WTIO) and its cetacean assemblage is considered to derive from the Indian Ocean, 

whose waters re-colonized the semi-closed basin at the end of the last glaciation (from 

20,000 to 15,000 years ago) (Edwards & Head, 1987). Of the 21 species known to be 

present in the Western Tropical Indian Ocean - WTIO (Ballance & Pitman, 1998) and 

the 31-33 species known to be present in the south-western Indian Ocean – SWIO 

(Kiszka et al., 2009), 13 species are considered to be present in the Red Sea 

(Notarbartolo di Sciara et al., in preparation-b) and, of these, eight species (S. 

longirostris, S. attenuata, T. truncatus, T. aduncus, G. griseus, P. crassidens, S. plumbea, 

B. edeni) were observed in the northern part of the Red Sea. These eight species 

accounted for 62% of the total number of cetacean species recorded in the Red Sea, 

38% of the species present in WTIO, and about 25% of those present in SWIO. 
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Compared to other tropical waters the number of species confirmed for the Red Sea  is 

lower than any other tropical location including off Western Africa (19 species) 

(Jefferson et al., 1997), Southeast Asia (30 species) (Perrin et al., 1995), Brazilian 

waters (31 species) (Pinedo, 1994), Eastern Tropical Pacific - ETP (19 species) (Wade & 

Gerrodette, 1993), Gulf of Mexico (20 species) (Mullin & Fulling, 2004), and Hawaiian 

waters (24 species) (Barlow, 2006). The relatively low number of cetacean species in 

the Red Sea appears to be a common characteristic of semi-enclosed basins, such as 

the cetacean fauna in the Mediterranean Sea or in the Black Sea (Notarbartolo di 

Sciara, 2002). In the Mediterranean Sea, eight species are considered to be common 

and another 13 are known to have occurred at some time; in the Black Sea only three 

species are present. Although the number of species in the Red Sea is small, in the 

context of the size of the basin (0.12% of the total world ocean surface, Sea Around Us 

Project (July 2014)), the 14% of the 93 cetacean species recognised world-wide (Perrin, 

2014) that are found there represents a considerable level of biodiversity.  

 

A common characteristic among tropical waters is that the same species are common 

or rare (Ballance & Pitman, 1998). Small-bodied, highly mobile and large group forming 

delphinids, such as Stenella spp., Delphinus spp. and Lagenodelphis hosei, are usually 

found to be the most abundant species (Dolar, 1999; Gerrodette & Forcada, 2002; 

Mullin & Fulling, 2004). In the Sulu Sea 81% of the cetaceans observed belonged to 

three species, S. longirostris, S. attenuata and L. hosei  (Dolar, 1999), In the Gulf of 

Mexico, 89% of the cetaceans observed belonged to five Stenella spp., S. longirostris, S. 

attenuata, S. clymene, S. coeruleoalba and S. frontalis (Mullin & Fulling, 2004), and in 

the ETP 90% of the observations belonged to 10 species including two subspecies of S. 

longirostris, three subspecies of S. attenuata, S. coeruleoalba, three different 

taxonomic groups of Delphinus spp. and L. hosei (Wade & Gerrodette, 1993).  

 

In the study area, the only small-bodied dolphins encountered were S. longirostris and 

S. attenuata, which accounted for 92% of all animals observed (see Table 4.7). The fact 
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that only these two species were encountered in the study area might indicate that the 

environment is unable to support a wider diversity of small dolphins. 

 

In the study area, S. attenuata was found to be more abundant than S. longirostris (see 

Chapters 3 and 4). This difference was mainly due to larger group sizes of S. attenuata, 

because the number of sightings was almost identical between the two Stenella spp. 

(with one sighting more for S. longirostris). The prevalence of S. attenuata was also 

observed by Beadon (1991) in the Gulf of Aqaba, where no sightings of S. longirostris 

were reported during his efforts to capture dolphins for the Tel Aviv Dolphinarium in 

the early 1980s. In contrast, in many areas worldwide S. longirostris appears to be 

more common than S. attenuata including the Sulu Sea (Dolar, 1999), Hawaiian waters 

(Mobley et al., 2000), the WTIO (Ballance & Pitman, 1998), Maldivian waters 

(Anderson, 2005), and in several locations along the eastern coast of Africa (Kiszka et 

al., 2009). The areas where S. attenuata is more abundant include the ETP (Gerrodette 

& Forcada, 2005) and the Gulf of Mexico (Mullin & Fulling, 2004) but these locations 

are not really comparable with the Red Sea because of their substantially larger 

surface areas, the presence of very productive and predictable upwelling zones and 

the occurrence of several subspecies of other dolphins. It is not clear why in the Red 

Sea S. attenuata might be more abundant than S. longirostris. One reason could be 

that, because S. longirostris uses the internal lagoons of offshore reefs to rest during 

the day (and in the study area at least four of these reefs are present), this species 

might have been under-represented in surveys conducted in open waters.  

  

Small cetaceans such as Stenella spp. are known to form large groups as an anti-

predator strategy and to increase foraging efficiency in offshore waters (Gowans et al., 

2007). For example, in the ETP, annual mean group sizes ranged from 73 to 151 for S. 

longirostris orientalis and from 62 to 220 for S. attenuata attenuata (Gerrodette & 

Forcada, 2005) while in the WTIO the average number of individuals per group was 

170 for S. longirostris and 147 for S. attenuata (Ballance & Pitman, 1998). In this study, 

Stenella spp. groups were smaller with a mean group size of 33 for S. longirostris and 
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42 for S. attenuata, and only a few large groups of up to 170 individuals were 

encountered (see Table 4.4). Large groups were usually found in open waters and 

included both Stenella spp. The presence of numerous coral reefs is likely to provide 

more options for anti-predator behaviour during the day such as sheltering in shallow 

waters around coral reefs near the continental shelf. These species are likely to feed at 

night but there is no information about feeding strategies, such as the cooperative 

prey herding described by Benoit-Bird and Au (2009) in Hawaiian waters.    

 

7.1.1 S. longirostris 

Of the eight species encountered in the study area, S. longirostris was the second most 

abundant with 6,960 (CV=0.26) individuals estimated in the study area corresponding 

to one individual every one and a half kilometre squared (see Table 4.7). This 

pantropical species is known to inhabit all tropical and most subtropical waters 

including offshore habitat (Wade & Gerrodette, 1993; Ballance & Pitman, 1998; Mullin 

& Fulling, 2004), coastal waters (Peddemors et al., 1997; Amir et al., 2002) and waters 

around island and coral reef complexes (Dolar, 1999; Gannier, 2000; Lammers, 2004; 

Anderson, 2005; Kiszka et al., 2006; Kiszka et al., 2007). Despite the fact that the 

waters in the Red Sea reach a depth of 2,850 m, the maximum width of the basin is 

only 254 km (see Chapter 1.5) and the concept of open water does not really apply to 

the basin. The apparent preference for continental shelf waters as well as reefs (Figure 

5.2, Figure 5.3) indicates that S. longirostris in the Red Sea might prefer relatively 

shallow or coastal waters.  

 

In several tropical locations of the world’s oceans S. longirostris is known to shelter 

inside shallow sandy bays and reef lagoons during daylight hours to rest, and to move 

offshore during the night to forage on the mesopelagic boundary micronekton 

community (Perrin, 1998; Benoit-Bird & Au, 2003). These resting areas are found 

around the Hawaiian Islands (Norris et al., 1994; Karczmarski et al., 2005), in Polynesia 

(Gannier & Petiau, 2006), in Brazil in the Fernando de Noronha Archipelago (Silva Jr et 

al., 2005) and along the Egyptian coast of the Red Sea (Notarbartolo di Sciara et al., 
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2009). Four S. longirostris resting areas were present in the study area. Apart from 

Samadai which was already known (Notarbartolo di Sciara et al., 2009) three other  

resting areas were identified (see Figure 3.2): Satayah (used for swimming with 

dolphins activities by several touristic operators in the southern coast of Egypt), Abu 

Fandira and Abu Tess (both identified during this project).  

 

The results from this project suggest that S. longirostris make extensive use of the 

resting areas with groups encountered 75% of the time when these areas were visited. 

Average sizes of groups found resting inside the lagoon were significantly larger than 

groups encountered outside (see Table 3.5). Photo-identification sessions carried out 

underwater (and part of the PhD of A. Cesario – Hong Kong University – and M. 

Fumagalli – Otago University) suggested that groups in the resting-area lagoons might 

be formed by separate units based on different ages and sexes (e.g. adult males, 

females with calves and newborns, juveniles, pregnant females - S. longirostris shows 

sexual dimorphism and males are recognisable by a triangular and forward canted 

dorsal fin, in Norris et al., 1994). Despite swimming in the vicinity of each other, these 

units do not seem to interact and the fact that they are constrained in a small area 

(Samadai and Abu Tess lagoons have a diameter of about 350 m – see Figure 3.2) 

might explain the larger mean group size estimated in the resting areas with respect to 

the mean group size estimated offshore. In effect,  small groups encountered outside 

the reefs were often formed by individuals of the same gender and/or females with 

calves suggesting that without the resting-areas space-constrain dolphins tend to 

segregate by age and sex.-  

Results from a study carried out in Samadai in 2005-2006 (Notarbartolo di Sciara et al., 

in preparation-a) based on underwater photo-identification suggest that the 

population using Samadai lagoon year-round might number about 350 individuals. 

Preliminary results from Fumagalli’s PhD project also seem to suggest that dolphins 

found in Samadai and Satayah (around 120 km away – see Figure 2.7) do not mix (M. 

Fumagalli, personal communication). Considering the presence of at least four resting 

areas, and a maximum number of 350 dolphins in each of these areas, a hypothetical 
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total number of 1,400 individuals of S. longirostris, corresponding to about 20% of the 

S. longirostris population in the study area (considering a population of about 6,900 

individuals – see Chapter 4, Table 4.7), might make use of the resting areas. The 

importance of resting areas was also highlighted by the habitat modelling where the 

variable “distance from resting area” was found to explain part of the variability in S. 

longirostris occurrence (see Figure 5.2).  

 

Results in this thesis highlight the need to develop a strategy for the conservation for 

the three resting areas (Satayah, Abu Fandira and Abu Tess) that do not yet have a 

management plan in place and to develop suitable management actions, including 

regulation of human activities (e.g. swimming with dolphins, navigation inside the reef, 

use of generators) and enforcement to be carried out. This is particular urgent for 

Satayah, where tourist activities including swimming with dolphins take place year-

around and are potentially unsustainable for the dolphins. Substantial harassment is 

constituted by zodiacs carrying tourists. These crafts spent most of the day 

manoeuvring around the group of dolphins inside the lagoons, deploying people into 

the water for swim-with dolphin encounters and pursuing the dolphins when they 

moved away to redeploy the swimmers (M. Fumagalli, personal communication). Two 

other species, T. aduncus and G. griseus, were also observed using the resting areas, 

with T. aduncus found in Samadai, Satayah and Abu Fandira and G. griseus in Abu 

Fandira and Abu Tess (see Figure 3.4 and Figure 3.5). 

 

7.1.2 S. attenuata  

S. attenuata was the most abundant species encountered with 10,270 (CV=0.26) 

individuals estimated in the study area corresponding to almost one individual every 

kilometre squared (see Table 4.7). The predominance of S. attenuata in the extremely 

warm and saline waters of the Red Sea (see General Introduction), where the 

thermocline is around 250-300 m deep and the temperature below the thermocline is 

constant and warm (21.5 °C), expands the range of habitats known to be suitable for 

this species as they are generally found in waters with salinity of less than 34 PSU and 
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with sharp thermoclines at depth of 50 m or less (Au & Perryman, 1985; Reilly, 1990; 

Reilly & Fiedler, 1994).  

 

Results from the habitat modelling (see Figure 5.4 and Figure 5.5) suggested that S. 

attenuata might prefer offshore waters along the continental slope. This pattern was 

particularly obvious when analyses were carried out separately for mixed-species 

sightings of Stenella spp. and sightings with only S. attenuata. In the mixed-species 

datasets the probability of finding groups decreased at distances greater than 20 km 

distance from a reef while for single species groups of S. attenuata, groups were 

predicted to be found up to 38 km from the coast. Whatever the reasons for the 

formation of mixed species groups, results suggested that it might be more 

advantageous for this to occur closer to the coast. As found for S. longirostris, all 

sightings of S. attenuata during the day were of resting dolphins suggesting that 

feeding in the study area might occur predominantly at night. 

 

7.1.3 T. truncatus  

T. truncatus was the fourth most abundant cetacean with 509 (CV=0.33) individuals 

estimated in the study area, corresponding to one individual every 21 kilometres 

squared (see Table 4.7). T. truncatus is one of the most intensively studied and best 

known species of all cetaceans (Leatherwood & Reeves, 1990) and its distribution 

encompasses coastal, estuarine, shelf and offshore waters worldwide (Scott & Chivers, 

1990; Shane, 1990; Ballance, 1992; Simões-Lopes & Fabian, 1999; Klatsky et al., 2007; 

Bearzi et al., 2008a; Silva et al., 2008; Baird et al., 2009). In some areas, two ecotypes 

might be present (Gowans et al., 2007): an inshore type characterized by year-round 

presence and showing different ranges and movement patterns (Wells et al., 1987; 

Wilson et al., 1997; Wells & Scott, 1999; Wilson et al., 1999; Lusseau et al., 2003; Irwin 

& Wursig, 2004; Bearzi et al., 2008a); and an offshore type, found in coastal waters, 

along barrier islands and in the open sea (Defran & Weller, 1999; Defran et al., 1999; 

Bearzi, 2003; Perrin et al., 2011).  
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In this study, T. truncatus was found mainly concentrated around Satayah with some 

groups encountered further south around St Jones (see Figure 3.4). Results from the 

habitat modelling analyses (see Figure 5.7 and Figure 5.8) confirmed that the presence 

of reefs is important for the species with more groups predicted at relatively short 

distances (8 km) from reefs. Mark-recapture analysis showed several recaptures of the 

same individuals in the area of Satayah, and estimated a population ranging from 378 

(CV=0.25) to 447 (CV=0.31) individuals (depending on the estimator and dataset used – 

see Table 6.5). These findings suggest similarity between the T. truncatus in the study 

area and the inshore populations found elsewhere. However, the low average 

probability of recapture (see Chapter 6.3.1.1), the fact that several individuals were 

recaptured at relatively large distances (120 km, see Chapter 6.3.1.2), the evidence 

that groups might occur more frequently around reefs but also further offshore (> 24 

km, see Figure 5.7), and the observation that T. truncatus were spotted in open waters 

and around isolated islands and reefs in the middle of the basin, seem to fit with the 

characteristics of an offshore ecotype.  

 

The Red Sea is a relatively narrow oligotrophic (particularly in the northern part) basin 

and it seems unlikely that two ecotypes might be present. The results are likely to be 

more indicative of a population with a stratified distribution with some individuals 

present around a few select offshore reefs and others moving larger distances 

between reefs. Such population structure, where individuals differ in their movements 

and ranging patterns, has been observed for T. truncatus in the Moray Firth in Scotland 

(Wilson et al., 1997), in Ireland (Ingram & Rogan, 2002) and in Florida (Scott et al., 

1990). The large body sizes (around 4 m - Beadon, 1991) observed in adult T. truncatus 

in the Red Sea are more compatible with a life in the offshore habitat where larger size 

is considered beneficial in predator defense (Gowans et al., 2007). The larger body 

sizes of T. truncatus at the extremes of the species’ distributional range (e.g. Moray 

Firth, Scotland) is considered an adaptation to cold-water environments which does 

not to apply to the warm waters of the Red Sea.  
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The fact that T. truncatus showed high concentration in waters around reefs did not 

mean that the species used the reef itself as observed for S. longirostris (section 7.1.1) 

or T. aduncus (section 7.1.4). T. truncatus was never seen inside the internal lagoons of 

the resting areas (Samadai, Satayah, Abu Fandira and Abu Tess) or other reefs. It is 

more likely that the presence of several reefs that rise vertically from the continental 

shelf might generate a complex habitat that is suitable for the species. Waters around 

reefs are likely to be more productive because of the presence of shallow waters 

where corals (and their symbiotic zooxanthellae algae) have access to sun light for the 

process of photosynthesis (Edwards & Head, 1987). A preference for areas with 

relatively high primary production was shown by the habitat modelling analyses 

(Figure 5.7). T. truncatus was the only one of the target species in this study that was 

encountered while travelling and feeding (not only resting), and it is likely that the 

spatial relationship between the sighting positions and the associated environmental 

variables were more robust than for the other species (whose positions when 

encountered were likely influenced by unknown variables, such as the proximity to 

their night feeding grounds). 

 

7.1.4 T. aduncus 

T. aduncus was the third most abundant cetacean found in the study area with an 

estimated 659 (CV=0.69) individuals present, corresponding to one individual every 16 

kilometres squared (see Table 4.7). The poor precision of the abundance estimate is 

due to the small sample size causing large CVs for group size and encounter rate. The 

abundance estimate (585, CV=0.43) obtained from habitat modelling (see Table 5.6) is 

similar but has a smaller CV, which might be due to a larger sample size and/or 

because the environmental covariates in the fitted model explained some of the 

variability in the data. The third estimate obtained with mark-recapture methods 

(ranging from 227, CV=0.43 to 263, CV=0.25, depending on the estimator and dataset 

used – see Table 6.7) is smaller than those based on the survey data and is likely to be 

strongly underestimated mainly due to the survey design not being suitable for the 

method used. The survey was, in fact, designed to meet the requirements of line 
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transect surveys aimed at maximising coverage of the study area at the expense of 

repeated sampling occasion. Despite the small number of sightings and recaptures, 

mark-recapture analyses suggested the presence of two separated T. aduncus 

subpopulations, one in the northern stratum (103, CV=0.34) and one in 

central/southern strata (108, CV=0.47). 

 

In general, T. aduncus has a wide but patchy distribution throughout the coastal 

waters of the Indian Ocean and western Pacific Ocean from central Japan to south-

eastern Australia (Wang & Yang, 2009). It shows a preference for inshore and coastal 

waters on the continental shelf and around oceanic islands where it forms resident 

populations characterized by fission-fusion societies (Ross, 1977, 1984; Connor et al., 

2000; Hale et al., 2000; Shirakihara et al., 2002; Chilvers & Corkeron, 2003; Preen, 

2004; Amir et al., 2005; Stensland et al., 2006; Amir et al., 2007; Kiszka et al., 2009).  

 

In the study area, T. aduncus also showed a clear high concentration in coastal areas 

(see Figure 5.9and Figure 5.10), in particular in the central and southern strata where 

the presence of hundreds of reefs seems to provide the most suitable habitat for the 

species. Despite the fact that the southern stratum appears to consist of the most 

suitable habitat for T. aduncus it seems unlikely that the population might be as large 

as those supported in other coastal areas, such as Moreton Bay, Australia (Chilvers & 

Corkeron, 2001; Chilvers et al., 2005) because of the oligotrophic waters of the Red 

Sea and the lack of rivers, which appear to be an important habitat feature for this 

species elsewhere (Cribb et al., 2008; Fury & Harrison, 2008).  

 

In the northern part of the study area the shoreline is generally a straight line bordered 

by fringing reefs with few bays and few sparse reefs (both coastal and offshore). The 

relatively high number of recaptures made between Satayah and Samadai (about 120 

km apart), with some individuals moving back and forth between the two resting 

areas, may be indicative of the need for dolphins living in the northern stratum to 

move more to fulfil their ecological needs. 
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The relatively frequent use of resting areas by several T. aduncus individuals in the 

northern part of the study area could increase their vulnerability to harassment by the 

swimming-with-dolphin tourism activities carried out in Samadai and Satayah. In 

Samadai, the management plan (Notarbartolo di Sciara & Costa, 2007) protects the 

innermost lagoon of the reef where S. longirostris is found but there is almost no 

regulation of human activities outside the inner lagoon, where T. aduncus is found. 

When encountered in Samadai, T. aduncus groups were often surrounded by 

swimmers and small boats competing to deploy more swimmers as close as possible to 

the dolphins, leading to danger for the swimmers and potentially disturbing the 

dolphins. The dolphins reacted by diving, frequently changing direction and 

accelerating their swimming (M. Fumagalli, personal communication). In Satayah, 

management plans are not in place and the swimming-with-dolphin activities are of 

great concern to the local authority (A. Ali, personal communication). Furthermore, 

Satayah is a large reef (about 10 km) with two internal lagoons used by S. longirostris 

while T. aduncus was observed only in the western lagoon. Because of its large size, 

safari and daily boats often navigate between the lagoons using unsafe passages which 

have led to several boats hitting coral pinnacles, sinking and causing fuel spills and 

damage to the corals. 

 

7.1.5 G. griseus 

Of the five species for which abundance was estimated, G. griseus had the smallest 

population estimates ranging from 238 (CV=0.43) to 367 (CV=0.37) individuals, 

corresponding to one individual every 45 to 29 kilometres squared, respectively (see 

Table 4.7). In general, G. griseus has a worldwide distribution in temperate and 

tropical oceans showing a preference for deep oceanic and continental slope waters 

generally associated with high productivity and concentrations of prey species 

(Baumgartner, 1997; Davis et al., 1998; Azzellino et al., 2008). In the study area, G. 

griseus was encountered almost exclusively in the southern stratum, where the influx 

of nutrient-rich waters from the Gulf of Aden (Sheppard et al., 1992) increases the 
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presence of nutrients in these otherwise oligotrophic waters (see Figure 5.13). The 

importance of high productivity waters for the species was confirmed by the habitat 

modelling analyses that showed a significantly higher probability of finding G. griseus 

groups with an increase in nutrient levels (see Figure 5.11).  

 

In the study area, G. griseus was encountered in continental shelf and slope waters as 

opposed to deep waters (see Figure 5.12). The occurrence over continental slope 

waters is generally considered typical for this species while the other typical habitat 

were the species is found (deep oceanic waters) is not present in the Red Sea (Bearzi et 

al., 2011; Jefferson et al., 2013). Some of the sightings occurred close (<100 m) to 

offshore reefs located at the edge of the continental slope suggesting that dolphins 

might have moved into such shallow waters as potential anti-predator defence against 

large sharks (white sharks, tiger sharks, bull sharks, oceanic white tip shark and mako 

sharks). 

 

Results from this thesis suggest that the range of G. griseus likely extends beyond the 

boundary of the study area, which appears to represent the northern limit of its 

distribution in this region. It remains unknown if the G. griseus range extends along the 

slope edge into southern Sudanese waters or offshore towards the centre  of the basin 

where the formation of nutrient-rich eddies (see Figure 5.13) extending from the 

Arabian to the African coasts are known to generate high productivity mainly during 

the summer months (Barale, 2007).  

 

In this study, several G. griseus sightings occurred on the same day and within a few 

kilometres distance of each other. For example, around Abu Fandira two sightings 

were made on 9th of August 2010, two on 16th of August 2010, and four on 16th of July 

2010. This pattern along with the lack of individual recaptures could indicate that the 

groups found on the same day might constitute sub-units of a larger aggregation of 

dolphins. This hypothesised more dispersed grouping pattern of G. griseus might help 

explain the smaller group size estimates for the species in the Red Sea compared to 
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the large group sizes estimated in other regions (Keller et al., 1982; Baumgartner, 

1997; Kruse et al., 1999; Gannier, 2000; Anderson, 2005; Gerrodette et al., 2008; de 

Boer et al., 2013; Hartman et al., 2014).  

 

 

7.2 Conservation considerations 

One of the main aims of this project was to obtain essential information about the 

presence, abundance and distribution of cetaceans in the southern Egyptian Red Sea in 

order to support managers and policy-makers during the development of a 

conservation strategy and management actions. In the southern Egyptian Red Sea two 

protected areas, Gebel-Elba and Wadi El Gemal-Hamata, were established (in 1986 and 

2003 respectively) as an attempt to impose a limit on land sales along the Egyptian 

coast to private investors for development of mass tourism compounds (Gouda, 2012). 

The parks encompass a relatively large marine area that includes a few islands 

(seeFigure 2.1) and several offshore reefs. While considerable effort has been put into 

the conservation of nesting birds and sea turtles as well as mangroves areas inside 

these parks (Baha Eddin, 2003; Miller, 2004), almost no action has been undertaken to 

monitor and protect cetaceans. In particular, in Satayah reef, used as a resting area by 

S. longirostris, the impact of swimming-with-dolphins activities is considered 

unsustainable due to the harassment of dolphins. This thesis provides the first 

essential information needed to develop a conservation strategy for cetacean in the 

southern Egyptian Red Sea. 

 

This thesis suggests that Stenella spp. are abundant and widespread across the study 

area. In waters away from the coast or reefs dolphins did not seem to be exposed to 

any particular anthropogenic threats other than oil spills from oil tanker accidents and 

large-scale ecosystem effects due to climate change. However, the results show that S. 

longirostris makes intensive use of internal lagoons of several offshore reefs during 

daylight hours. Two of these reefs (Samadai and Satayah) were already known; two 
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others were identified during this study (Abu Fandira and Abu Tess) with an indication 

that further such areas might be present. This suggests the need to develop a 

conservation strategy for S. longirostris that includes all reefs identified as resting 

areas into one category instead of considering one reef at a time. The creation of the 

status of “resting area”, potentially applicable to any reef that is regularly visited by S. 

longirostris, could provide a useful legal framework to speed up the process of 

protection of these reefs. It will also facilitate the implementation of rules and 

circulation of information about the code of conduct among users who are often 

difficult to reach because these stakeholders are spread all along the coast. 

Furthermore, based on the successful example of Samadai (Notarbartolo di Sciara et 

al., 2009), these areas might represent an opportunity for the creation of new jobs for 

local people as well as a source of income for the region while contributing to 

protection of the environment.   

 

The fact that T. aduncus was also identified as a frequent visitor to these resting areas 

and that several individuals were recaptured moving back and forth between two of 

these areas (Samadai and Satayah) emphasises the need to develop a set of common 

rules for these offshore reefs.  

 

In the case of Satayah, a third species was also found to use the waters nearby. 

Although T. truncatus was never observed inside Satayah lagoons, the waters just 

outside were identified as an area of aggregation for this species. This is very 

important information because, to protect all waters used by dolphins, the 

conservation plan would need to be expanded from the internal lagoons of the reefs to 

include the waters outside. In Samadai, for example, where the management plan is 

focused only on the internal lagoon, harassment of dolphins and dangerous navigation 

around coral have been reported by HEPCA to the local authority (Egyptian 

Environmental Affairs Agency - EEAA) just outside the lagoon (A. Ali, personal 

communication).  
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In the southern part of the study area where the two S. longirostris resting areas of 

Abu Fandira and Abu Tess were identified, the presence of G. griseus encountered 

while resting just outside the reefs, strengthens the need to develop a new plan for 

the protection of dolphin resting areas in Egyptian waters.  

 

In the other more southerly areas with a high concentration of dolphins, tourism does 

not seem to be a major problem at the moment, because the lack of facilities (such as 

harbours, roads, hotels) allow only short (one week long) diving Safaris to be carried 

out and dolphins are not the main target of divers. Furthermore, the political situation 

in the area led to the collapse of the tourism industry in Egypt with several tour 

operators withdrawing the Red Sea from their typical travel destinations (Daily News 

Egypt, 23 March 2014). However, the level of impact that the artisanal fisheries from 

Shalatin and Abu Ramad might have on the area is unknown. Being small, the fishing 

boats mainly target coastal areas where this project has identified a population of T. 

aduncus.  Another set of threats could be posed by the poorly known but relatively 

frequent military operations carried out in the southerly areas from the two naval 

bases of Abu Ramad and Berenice.  

 

 

7.3 Suggestions for future cetacean monitoring 

This work filled some of the gaps in the knowledge of cetaceans in the southern 

Egyptian Red Sea. The large area covered by systematic line transect surveys allowed 

the identification of the species present (common and rare), the estimation of their 

abundance, and the location of important areas of concentration of dolphins. These 

areas are the four resting areas for S. longirostris and in some cases for T. aduncus and 

G. griseus (Samadai, Satayah, Abu Fandira and Abu Tess), the waters around Ras Banas, 

the area of St Jones and the coastal zones  south of Shalatin (see Figure 2.1). In some 

of these areas, e.g. Samadai and Satayah, a photo-identification study has been carried 

out on the S. longirostris (and to a lesser extent T. aduncus) population since 2010, and 
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the datasets of individual sighting histories will be used to estimate demographic 

parameters (such as abundance, survival, reproductive rate), to improve the existing 

management (in Samadai) and to develop a new strategy (in Satayah) for managing the 

increasing swimming-with-dolphin business (M. Fumagalli, A. Cesario, personal 

communication)..  

 

The area off Ras Banas where S. longirostris, S. attenuata, and T. truncatus have been 

frequently encountered might represent nocturnal feeding grounds for cetaceans and 

the identification of such feeding areas is considered important to fully protect the 

range to these species. In general, the nocturnal behaviour of S. longirostris is poorly 

understood in most areas and information is only available from daylight studies.  The 

use of a towed hydrophone array during the rare cases of night-time navigation was 

trialled in this project, and could be explored further; passive acoustic techniques 

could be an effective way to determine the night-time distribution of these dolphins 

and potentially locate areas where feeding activities could be taking place.  

 

Apart from the area covered by this work and a small area off Hurghada (Ziltener & 

Kreicker, 2013), there are currently no research efforts targeting cetaceans in the Red 

Sea and  basin-wide knowledge about cetaceans remains poor. Of particular interest in 

the future would be the monitoring of areas where human impacts are increasing both 

along the coast and offshore such as the Gulf of Suez and the Saudi coasts, where 

coastal developments for industrial and tourism activities are expanding along with the 

highly intensive use of the area by the oil industry (PERSGA, 1998).  

 

Two other areas, the Dahlak and Farasan islands (located at the same latitude in the 

southern Red Sea), appear to hold high ecological value. These desert islands are 

mainly uninhabited and supposedly still in pristine state. Preliminary studies (Roghi & 

Salvadori, 1956; Gladstone & Fisher, 2000) suggested that the areas possess an 

extraordinary biodiversity including several species of cetaceans living near the coast 

and inside the channels between the islands. In the southern Red Sea, the cetacean 
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assemblage appears to be more complex and biodiverse than those found in the 

northern part of the basin, supposedly because of the nutrient-rich waters entering 

from the Indian Ocean (Notarbartolo di Sciara et al., 2007). However, information 

about cetacean distribution and abundance in the southern Red Sea is not available 

and the list of species thought to be present has not been confirmed, highlighting the 

importance of carrying out dedicated surveys. Using line-transect survey methodology 

would appear the most useful approach to cover such a large area and obtain 

systematic information on distribution and abundance. 

 

Other zones that should be considered for dedicated cetacean surveying include the 

Suez Canal and the Bal-el-Mandeb Strait (see Figure 1.1), connecting the Red Sea with 

the Mediterranean Sea and the Indian Ocean, respectively. These areas represent 

some of the busiest shipping areas in the world, supporting about 8% of global 

maritime trade (Suez Canal Authority, 2009). Two cetacean species have been 

reported in the Suez Canal including two species of Tursiops (and, in the past, S. 

plumbea, Robineau and Rose (1984)). T. truncatus is believed to originate from the 

Mediterranean Sea and T. aduncus from the Red Sea; no information is available about 

the ranges and possible overlap of these species. This area is known for the 

phenomenon of the Lessepsian migration (Lejeusne et al., 2010), and it would be 

important to understand possible range shifts of cetacean species, in particular with 

increasing ocean temperatures. Furthermore, the works for the doubling of a part of 

the Suez Canal are scheduled to begin in the next years (Shaw-Smith, 02 October 2014) 

highlighting the importance of obtaining information about the occurrence and 

distribution of cetaceans  in the area  prior to the start of such large-scale construction 

work. 

  



 

231 

Literature cited 

Al-Merghani, M., Miller, J.D., Al-Mansi, A. & Pilcher, N. (2000) The green and hawksbill 

turtles in the Kingdom of Saudi Arabia: Synopsis of nesting studies 1986-1997. 

Fauna of Arabia, 18, 369-384. 

Alling, A. (1986) Records of odontocetes in the northern Indian Ocean(1981-1982) and 

off the coast of Sri Lanka(1982-1984). Journal of the Bombay Natural History 

Society. Bombay, 83, 376-394. 

Alling, A., Gordon, J., Rotton, N. & Whitehead, H. (1982) WWF-Netherlands Indian 

Ocean sperm whale study 1981–1982 interim report. IWC Scientific Committee, 

SC/34/Sp9 

Amante, C. & Eakins, B.W. (2009) ETOPO1 1 Arc-Minute Global Relief Model: 

Procedures, Data Sources and Analysis. NOAA Technical Memorandum NESDIS 

NGDC-24, National Geophysical Data Center, Boulder, CO, March 2009, 1-19. 

Amir, O.A., Berggren, P. & Jiddawi, N. (2002) The incidental catch of dolphins in gillnet 

fisheries in Zanzibar, Tanzania. Western Indian Ocean journal of marine science, 

1, 155-162. 

Amir, O.A., Jiddawi, N.S. & Berggren, P. (2007) The occurrence and distribution of 

dolphins in Zanzibar, Tanzania, with comments on the differences between two 

species of Tursiops. Western Indian Ocean journal of marine science, 4, 85-94. 

Amir, O.A., Berggren, P., Ndaro, S.G.M. & Jiddawi, N.S. (2005) Feeding ecology of the 

Indo-Pacific bottlenose dolphin (Tursiops aduncus) incidentally caught in the 

gillnet fisheries off Zanzibar, Tanzania. Estuarine, Coastal and Shelf Science, 63, 

429-437. 

Anderson, C. (2013) Risso’s Dolphins (Gampus griseus): impact of the Sri Lankan tuna 

gillnet fishery. In: UNEP Marine Mammal Technical Report, pp. 1-5 

Anderson, R.C. (2005) Observations of cetaceans in the Maldives, 1990-2002. Journal 

of Cetacean Research and Management, 7, 119. 

Anonymus (1950) The Suez “sea-monster”: views of the transmogrified sei whale. The 

Illustrated London News, January 21, 1950, 101. 

Ansmann, I.C., Lanyon, J.M., Seddon, J.M. & Parra, G.J. (2013) Monitoring dolphins in 

an urban marine system: total and effective population size estimates of Indo-

Pacific bottlenose dolphins in Moreton Bay, Australia. PloS one, 8, e65239. 

Aragonés, L.V., Jefferson, T.A. & Marsh, H. (1997) Marine mammal survey techniques 

applicable in developing countries. Asian Marine Biology, 14, 15-39. 

Au, D.W.K. & Perryman, W.L. (1985) Dolphin habitats in the eastern tropical Pacific. 

Fishery Bulletin, 83, 623-644. 

Austin, M. (2002) Spatial prediction of species distribution: an interface between 

ecological theory and statistical modelling. Ecological modelling, 157, 101-118. 

Azzellino, A., Gaspari, S., Airoldi, S. & Nani, B. (2008) Habitat use and preferences of 

cetaceans along the continental slope and the adjacent pelagic waters in the 

western Ligurian Sea. Deep Sea Research Part I: Oceanographic Research 

Papers, 55, 296-323. 



 

232 

Azzellino, A., Panigada, S., Lanfredi, C., Zanardelli, M., Airoldi, S. & Notarbartolo di 

Sciara, G. (2012) Predictive habitat models for managing marine areas: Spatial 

and temporal distribution of marine mammals within the Pelagos Sanctuary 

(Northwestern Mediterranean sea). Ocean & Coastal Management, 67, 63-74. 

Baha Eddin, M. (2003) Tourism Potential & Management in Wadi El Gemal-Hamata. In: 

MOBIS Task U.S. Agency for International Development Program Support Unit 

Egyptian Environmental Policy Program, pp. 1-104 

Bailey, G. (2009) The Red Sea, Coastal Landscapes, and Hominin Dispersals. M. 

Petraglia & J. Rose (eds.). The Evolution of Human Populations in Arabia. 

Springer: Dordrecht, Netherlands, pp. 15-37. Springer, Dordrecht, Netherlands. 

Bailey, H. & Thompson, P.M. (2009) Using marine mammal habitat modelling to 

identify priority conservation zones within a marine protected area. Marine 

Ecology Progress Series, 378, 279-287. 

Baird, R.W. (2009) Risso's Dolphin Grampus griseus. Perrin, W.F., Wursig, B., 

Thewissen, J.G.M. (Eds.), Encyclopedia of Marine Mammals. Academic Press, 

New York,, pp. 975-976. 

Baird, R.W. & Burkhart, S.M. (2000) Bias and variability in distance estimation on the 

water: implications for the management of whale watching.  Proceedings of the 

International Whaling Commission (IWC) Meeting, Document SC/52/WW1 (ed 

by, pp. 1-10.  

Baird, R.W., Gorgone, A.M., McSweeney, D.J., Ligon, A.D., Deakos, M.H., Webster, D.L., 

Schorr, G.S., Martien, K.K., Salden, D.R. & Mahaffy, S.D. (2009) Population 

structure of island-associated dolphins: Evidence from photo-identification of 

common bottlenose dolphins (Tursiops truncatus) in the main Hawaiian Islands. 

Marine Mammal Science, 25, 251-274. 

Baldwin, R. & Salm, R. (1994) Whales and dolphins along the coast of Oman, Natural 

History Book Service Ltd, Devon, England. 

Baldwin, R., Van Waerebeek, K. & Gallagher, M. (1998) A review of small cetaceans 

from waters of the Arabian Peninsula. International Whaling Commission 

Scientific Committee Report. In. SC/50/SM6, 24 pp.(unpublished) 

Baldwin, R.M. (2003) Whales & dolphins of Arabia. Robert Baldwin. 

Baldwin, R.M., Gallagher, M. & Van Waerebeek, K. (1999) A review of cetaceans from 

waters off the Arabian Peninsula. 

Baldwin, R.M., Collins, T., Van Waerebeek, K. & Minton, G. (2002) The Indian Ocean 

humpback dolphin, Sousa plumbea (G. Cuvier, 1829). Proceedings of the 

International Whaling Commission (IWC) Meeting, SC/54/SM6, 1-7. 

Ballance, L.T. (1992) Habitat use patterns and ranges of the bottlenose dolphin in the 

Gulf of California, Mexico. Marine Mammal Science, 8, 262-274. 

Ballance, L.T. & Pitman, R.L. (1998) Cetaceans of the western tropical Indian Ocean: 

distribution, relative abundance, and comparisons with cetacean communities 

of two other tropical ecosystems. Marine Mammal Science, 14, 429-459. 

Ballance, L.T., Pitman, R.L. & Fiedler, P.C. (2006) Oceanographic influences on seabirds 

and cetaceans of the eastern tropical Pacific: A review. Progress in 

Oceanography, 69, 360-390. 



 

233 

Ballance, L.T., Anderson, R.C., Pitman, R.L., Stafford, K., Shaan, A., Waheed, Z. & 

Brownell Jr, R.L. (2001) Cetacean sightings around the Republic of the Maldives, 

April 1998. Journal of Cetacean Research and Management, 3, 213-218. 

Balmer, B., Wells, R., Nowacek, S., Nowacek, D., Schwacke, L., McLellan, W. & Scharf, F. 

(2008) Seasonal abundance and distribution patterns of common bottlenose 

dolphins (Tursiops truncatus) near St. Joseph Bay, Florida, USA. Journal of 

Cetacean Research and Management, 10, 157-167. 

Barale, V. (2007) Marine and Coastal Features of the Red Sea. Space and time 

heterogeneity of algal blooming, as seen by the Sea-viewing Wide Field-of-view 

Sensor (SeaWiFS), 1998-2006. In: JRC Scientifical and thecnocal report, pp. 1-56 

Barlow, J. (1993) The abundance of cetaceans in California waters estimated from ship 

surveys in summer/fall 1991. In: NOAA, National Marine Fishery Service, 

Southwest Fisheries Center Administrative, pp. 1-39 

Barlow, J. (1995) The abundance of cetaceans in California waters. Part I: Ship surveys 

in summer. Fishery Bulletin, 93, 1-14. 

Barlow, J. (1997) Preliminary estimates of cetacean abundance off California, Oregon, 

and Washington based on a 1996 ship survey and comparisons of passing and 

closing modes. In: NOAA, National Marine Fishery Service, Southwest Fisheries 

Center Administrative, pp. 1-25 

Barlow, J. (2006) Cetacean Abundance in Hawaiian Waters Estimated from a 

Summer/Fall Survey in 2002. Marine Mammal Science, 22, 446-464. 

Barlow, J. & Gerrodette, T. (1996) Abundance of cetaceans in California waters based 

on 1991 and 1993 ship surveys. US Department of Commerce, National Oceanic 

and Atmospheric Administration, National Marine Fisheries Service,[Southwest 

Fisheries Science Center]. Unpublished report. 

Barlow, J. & Clapham, P.J. (1997) A new birth-interval approach to estimating 

demographic parameters of humpback whales. Ecology, 78, 535-546. 

Barlow, J. & Gisiner, R. (2006) Mitigating, monitoring and assessing the effects of 

anthropogenic sound on beaked whales. Journal of Cetacean Research and 

Management, 7, 239-249. 

Barlow, J., Oliver, C.W. & On, T.D.J. (1988) Harbor porpoise, Phocoena phocoena, 

abundance estimation for California, Oregon, and Washington: 11. aerial 

surveys. Fishery Bulletin, 86, 433-444. 

Barnett, J., Davison, N., Deaville, R., Monies, R., Loveridge, J., Tregenza, N. & Jepson, P. 

(2009) Postmortem evidence of interactions of bottlenose dolphins (Tursiops 

truncatus) with other dolphin species in south-west England. Veterinary record, 

165, 441-444. 

Baumgartner, M.F. (1997) The distribution of Risso's dolphin (Grampus griseus) with 

respect to the physiography of the northern Gulf of Mexico. Marine Mammal 

Science, 13, 614-638. 

Beadon, J.J. (1991) A note on cetaceans seen and live-captured in the Gulf of Aquaba 

and the Gulf of Suez, 15 September 1980 through 1 September 1981. In: UNEP 

Marine Mammal Technical Report, pp. 111-14 

Bearzi, G. (2007) Marine conservation on paper. Conservation Biology, 21, 1-3. 



 

234 

Bearzi, G., Agazzi, S., Bonizzoni, S., Costa, M. & Azzellino, A. (2008a) Dolphins in a 

bottle: abundance, residency patterns and conservation of bottlenose dolphins 

Tursiops truncatus in the semi-closed eutrophic Amvrakikos Gulf, Greece. 

Aquatic Conservation: Marine and Freshwater Ecosystems, 18, 130-146. 

Bearzi, G., Reeves, R.R., Remonato, E., Pierantonio, N. & Airoldi, S. (2011) Risso's 

dolphin Grampus griseus in the Mediterranean Sea. Mammalian Biology-

Zeitschrift für Säugetierkunde, 76, 385-400. 

Bearzi, G., Politi, E., Agazzi, S., Bruno, S., Costa, M., Bonizzoni, S. & Gonzalvo, J. (2005) 

The Decline Of Short-Beaked Common Dolphins In Eastern Ionian Sea Coastal 

Waters. Common Dolphins: Current Research, Threats And Issues, 373-382. 

Bearzi, G., Agazzi, S., Gonzalvo, J., Costa, M., Bonizzoni, S., Politi, E., Piroddi, C. & 

Reeves, R.R. (2008b) Overfishing and the disappearance of short-beaked 

common dolphins from western Greece. Endangered Species Research, 5, 1-12. 

Bearzi, M. (2003) Behavioural ecology of the marine mammals of Santa Monica Bay, 

California.  

Bearzi, M. (2012) Cetaceans and MPAs should go hand in hand: A case study in Santa 

Monica Bay, California. Ocean & Coastal Management, 60, 56-59. 

Becker, E.A., Forney, K.A., Foley, D.G., Smith, R.C., Moore, T.J. & Barlow, J. (2014) 

Predicting seasonal density patterns of California cetaceans based on habitat 

models. Endangered Species Research, 23, 1-22. 

Becker, R.A., Chambers, J.M. & Wilks, A.R. (1988) The New S Language, Wadsworth & 

Brooks/Cole. 

Bejder, L. & Dawson, S. (2001) Abundance, residency, and habitat utilisation of 

Hector's dolphins (Cephalorhynchus hectori) in Porpoise Bay, New Zealand. 

New Zealand Journal of Marine and Freshwater Research, 35, 277-287. 

Benoit-Bird, K.J. (2004) Prey caloric value and predator energy needs: foraging 

predictions for wild spinner dolphins. Marine Biology, 145, 435-444. 

Benoit-Bird, K.J. & Au, W.W.L. (2003) Prey dynamics affect foraging by a pelagic 

predator (Stenella longirostris) over a range of spatial and temporal scales. 

Behavioral Ecology and Sociobiology, 53, 364-373. 

Benoit-Bird, K.J. & Au, W.W.L. (2009) Cooperative prey herding by the pelagic dolphin, 

Stenella longirostris. The Journal of the Acoustical Society of America, 125, 125. 

Bentur, Y., Ashkar, J., Lurie, Y., Levy, Y., Azzam, Z.S., Litmanovich, M., Golik, M., 

Gurevych, B., Golani, D. & Eisenman, A. (2008) Lessepsian migration and 

tetrodotoxin poisoning due to Lagocephalus sceleratus in the eastern 

Mediterranean. Toxicon, 52, 964-968. 

Borchers, D.L. & Buckland, S.T. (2002) Estimating animal abundance: closed 

populations. Springer. 

Bradbury, L. (1988) Reflections on Traveling to" God's Land''and Punt in the Middle 

Kingdom. Journal of the American Research Center in Egypt, 127-156. 

Braulik, G.T., Ranjbar, S., Owfi, F., Aminrad, T., Dakhteh, S.M.H., Kamrani, E. & 

Mohsenizadeh, F. (2010) Marine mammal records from Iran. Journal of 

Cetacean Research and Management, 11, 49-64. 

Briggs, J.C. (1974) Marine zoogeography, McGraw-Hill, New York. 



 

235 

Buckland, S. & Breiwick, J. (2002) Estimated trends in abundance of eastern Pacific gray 

whales from shore counts (1967/68 to 1995/96). Journal of Cetacean Research 

and Management, 4, 41-48. 

Buckland, S.T., Anderson, D.R., Burnham, K.P. & Laake, J.L. (1993) Distance sampling: 

estimating abundance of biological populations, Chapman & Hall. 

Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L., Borchers, D.L. & Thomas, L. 

(2001) Introduction to distance sampling estimating abundance of biological 

populations, Oxford University Press, Inc., New York, NY. 

Burnham, K.P., Anderson, D.R. & Laake, J.L. (1980) Estimation of density from line 

transect sampling of biological populations. Wildlife monographs, 3-202. 

Burnham, K.P., Anderson, D.R., White, G.C., Brownie, C. & Pollock, K.H. (1987) Design 

and analysis methods for fish survival experiments based on release–recapture. 

American Fisheries Society Monograph, 5, 437. 

Burrough, P.A. & McDonell, R.A. (1998) Principles of Geographical Information Systems 

(Oxford University Press, New York). 190 pp. 

Butterworth, D.S. & Borchers, D.L. (1988) Estimates of g (0) for minke schools from the 

results of the independent observer experiment on the 1985/86 and 1986/87 

IWC/IDCR Antarctic assessment cruises. Report of the International Whaling 

Commission, 38, 301-13. 

Calambokidis, J. & Barlow, J. (2004) Abundance of blue and humpback whales in the 

eastern North Pacific estimated by capture-recapture and line-transect 

methods. Marine Mammal Science, 20, 63-85. 

Calambokidis, J., Steiger, G.H., Straley, J.M., Herman, L.M., Cerchio, S., Salden, D.R., 

Jorge, U.R., Jacobsen, J.K., Ziegesar, O.V. & Balcomb, K.C. (2001) Movements 

and population structure of humpback whales in the North Pacific. Marine 

Mammal Science, 17, 769-794. 

Campagna, C., Short, F.T., Polidoro, B.A., McManus, R., Collette, B.B., Pilcher, N.J., de 

Mitcheson, Y.S., Stuart, S.N. & Carpenter, K.E. (2011) Gulf of Mexico oil blowout 

increases risks to globally threatened species. BioScience, 61, 393-397. 

Cañadas, A. & Hammond, P.S. (2006) Model-based abundance estimates for 

bottlenose dolphins off southern Spain: implications for conservation and 

management. Journal of Cetacean Research and Management, 8, 13. 

Cañadas, A. & Hammond, P.S. (2008) Abundance and habitat preferences of the short-

beaked common dolphin Delphinus delphis in the southwestern 

Mediterranean: implications for conservation. Endangered Species Research, 4, 

309-331. 

Cañadas, A., Desportes, G. & Borchers, D.L. (2004) The estimation of the detection 

function and g (0) for short-beaked common dolphins (Delphinus delphis), using 

double-platform data collected during the NASS-95 Faroese survey. Journal of 

Cetacean Research and Management, 6, 191-198. 

Cañadas, A., Sagarminaga, R., De Stephanis, R., Urquiola, E. & Hammond, P.S. (2005) 

Habitat preference modelling as a conservation tool: proposals for marine 

protected areas for cetaceans in southern Spanish waters. Aquatic 

Conservation: Marine and Freshwater Ecosystems, 15, 495-521. 



 

236 

Carretta, J.V., Taylor, B.L. & Chivers, S.J. (2001) Abundance and depth distribution of 

harbor porpoise (Phocoena phocoena) in northern California determined from 

a 1995 ship survey. Fishery Bulletin, 99, 29-39. 

Carrillo, M. & Ritter, F. (2010) Increasing numbers of ship strikes in the Canary Islands: 

proposals for immediate action to reduce risk of vessel-whale collisions. Journal 

of cetacean research and management, 11, 131-138. 

Cesar, H. (2003) Economic Valuation of the Egyptian Red Sea Coral Reefs. The Egyptian 

Environmental Policy Program - Executive Committee (USAID/Egypt), 1-76. 

Cesario, A. (2007) Uso dell’habitat e abitudini alimentari di Stenella longirostris (Gray, 

1828) nel Mar Rosso egiziano. Tesi di Laurea Universita’ degli Studi di Milano 

Facolta’ di Scienze Matematiche, Fisiche e Naturali, 1-100. 

Chapman, D.G. (1951) Some properties of the hypergeometric distribution with 

applications to zoological sample censuses. University of California Press. 

Cheney, B., Corkrey, S., Quick, N., Janik, V., Islas-Villanueva, V., Hammond, P. & 

Thompson, P. (2012) Site condition monitoring of bottlenose dolphins within 

the Moray Firth Special Area of Conservation: 2008-2010. In: 

Chilvers, B., Lawler, I., Macknight, F., Marsh, H., Noad, M. & Paterson, R. (2005) 

Moreton Bay, Queensland, Australia: an example of the co-existence of 

significant marine mammal populations and large-scale coastal development. 

Biological Conservation, 122, 559-571. 

Chilvers, B.L. & Corkeron, P.J. (2001) Trawling and bottlenose dolphins' social 

structure. Proceedings of the Royal Society of London. Series B: Biological 

Sciences, 268, 1901-1905. 

Chilvers, B.L. & Corkeron, P.J. (2003) Abundance of indo-pacific bottlenose dolphins, 

Tursiops aduncus, off point lookout, Queensland, Australia. Marine Mammal 

Science, 19, 85-095. 

Clapham, P.J. (1996) The social and reproductive biology of humpback whales: an 

ecological perspective. Mammal Review, 26, 27-49. 

Clarke, E., Burt, M. & Borchers, D. (2000) Investigation of bias in GAM-based 

abundance estimation methods and their suitability for JARPA survey data. In. 

Paper SC/52/IA19 presented to the IWC Scientific Committee 

Cockcroft, V., Haschick, S. & Klages, N. (1993) The diet of Risso's dolphin, Grampus 

griseus (Cuvier, 1812), from the east coast of South Africa. Zeitschrift für 

Säugetierkunde, 58, 286-293. 

Connor, R.C., Wells, R.S., Mann, J. & Read, A.J. (2000) The bottlenose dolphin: Social 

relationships in a fission-fusion society. Cetacean Societies: Field Studies of 

Dolphins and Whales ( J. Mann, R. C. Connor, P. Tyack and H. Whitehead, eds). 

University of Chicago Press, Chicago, pp. 91–126. 

Cooch, E. & White, G. (2012) Program MARK:“A Gentle Introduction,” 13th ed.  

Corkeron, P., Morris, R. & Bryden, M. (1987) Interactions between bottlenose dolphins 

and sharks in Moreton Bay, Queensland. Aquatic Mammals, 13, 109-113. 

Corkrey, R., Brooks, S., Lusseau, D., Parsons, K., Durban, J.W., Hammond, P.S. & 

Thompson, P.M. (2008) A Bayesian capture–recapture population model with 

simultaneous estimation of heterogeneity. Journal of the American Statistical 

Association, 103, 948-960. 



 

237 

Coscarella, M.A. & Crespo, E.A. (2010) Feeding aggregation and aggressive interaction 

between bottlenose (Tursiops truncatus) and Commerson’s dolphins 

(Cephalorhynchus commersonii) in Patagonia, Argentina. Journal of Ethology, 

28, 183-187. 

Costa, M., Cesario, A., Fumagalli, M., Notarbartolo di Sciara, G., Heinrich, S. & 

Hammond, P.S. (in preparation) Abudance of cetaceans in the southern 

Egyptian Red Sea.  

Courbis, S.S. (2007) Effect of spinner dolphin presence on level of swimmer and vessel 

activity in Hawai'ian bays. Tourism in Marine Environments, 4, 1-14. 

Cousteau, J.Y. (1956) The silent world. In, Cousteau, J. Y., Movie. 

Cribb, N., Miller, C. & Seuront, L. (2008) Assessment of bottlenose dolphin (Tursiops 

aduncus) habitat characteristics in the estuarine waters of the Adelaide Dolphin 

Sanctuary, South Australia. Journal of Marine Animals and their Ecology, 1, 1-3. 

Croll, D.A., Tershy, B.R., Hewitt, R.P., Demer, D.A., Fiedler, P.C., Smith, S.E., Armstrong, 

W., Popp, J.M., Kiekhefer, T. & Lopez, V.R. (1998) An integrated approch to the 

foraging ecology of marine birds and mammals. Deep-Sea Research Part II, 45, 

1353-1371. 

Daily News Egypt (23 March 2014) Egypt tourism totally collapsed, changes needed: 

Tourism Minister. In: Daily News Egypt - web.version, 

http://www.dailynewsegypt.com/2014/03/23/egypt-tourism-totally-collapsed-

changes-needed-tourism-minister/. 

Daura-Jorge, F.G., Ingram, S.N. & Simões-Lopes, P.C. (2013) Seasonal abundance and 

adult survival of bottlenose dolphins (Tursiops truncatus) in a community that 

cooperatively forages with fishermen in southern Brazil. Marine Mammal 

Science, 29, 293-311. 

Davis, R.W. & Fargion, G.S. (1996) Distribution and abundance of cetaceans in the 

north-central and western Gulf of Mexico: final report. US Department of the 

Interior, Minerals Management Service, Gulf of Mexico OCS Region. 

Davis, R.W., Fargion, G.S., May, N., Leming, T.D., Baumgartner, M.F., Evans, W.E., 

Hansen, L.J. & Mullin, K.D. (1998) Physical habitat of cetaceans along the 

continental slope in the northcentral and western Gulf of Mexico. Marine 

Mammal Science, 14, 490-507. 

Davis, R.W., Ortega-Ortiz, J.G., Ribic, C.A., Evans, W.E., Biggs, D.C., Ressler, P.H., Cady, 

R.B., Leben, R.R., Mullin, K.D. & Würsig, B. (2002) Cetacean habitat in the 

northern oceanic Gulf of Mexico. Deep Sea Research Part I: Oceanographic 

Research Papers, 49, 121-142. 

Dawson, S. & Slooten, E. (1993) Conservation of Hector's dolphins: The case and 

process which led to establishment of the Banks Peninsula Marine Mammal 

Sanctuary. Aquatic Conservation: Marine and Freshwater Ecosystems, 3, 207-

221. 

Dawson, S., Wade, P.R., Slooten, E. & Barlow, J. (2008) Design and field methods for 

sighting surveys of cetaceans in coastal and riverine habitats. Mammal Review, 

38, 19-49. 



 

238 

Dawson, S., Slooten, E., DuFresne, S., Wade, P.R. & Clement, D. (2004) Small-boat 

surveys for coastal dolphins: line-transect surveys for Hector's 

dolphins(Cephalorhynchus hectori). Fishery Bulletin, 102, 441-451. 

de Boer, M.N., Clark, J., Leopold, M.F., Simmonds, M.P. & Reijnders, P.J. (2013) Photo-

identification methods reveal seasonal and long-term site-fidelity of Risso’s 

dolphins (Grampus griseus) in shallow waters (Cardigan Bay, Wales). Open 

Journal of Marine Science, 3, 66-75. 

De Boer, M.N., Baldwin, R., Burton, C.L.K., Eyre, E.L., Jenner, K.C.S., Jenner, M.-N.M., 

Keith, S.G., McCabe, K.A., Parsons, E.C.M., Peddemors, V.M., Rosenbaum, H.C., 

Rudolph, P. & Simmonds, M.P. (2002) Cetaceans in the Indian Ocean Sanctuary: 

a review: a WDCS science report. Whale and Dolphin Conservation Society. 

De Guise, S., Martineau, D., Béland, P. & Fournier, M. (1995) Possible mechanisms of 

action of environmental contaminants on St. Lawrence beluga whales 

(Delphinapterus leucas). Environmental Health Perspectives, 103, 73. 

de Segura, A.G., Hammond, P.S., Cañadas, A. & Raga, J.A. (2007) Comparing cetacean 

abundance estimates derived from spatial models and design-based line 

transect methods. Marine Ecology Progress Series, 329, 289-299. 

de Segura, A.G., Crespo, E.A., Pedraza, S.N., Hammond, P.S. & Raga, J.A. (2006) 

Abundance of small cetaceans in waters of the central Spanish Mediterranean. 

Marine Biology, 150, 149-160. 

De Silva, P.H.D.H. (1987) Cetaceans (whales, dolphins and porpoises) recorded off Sri 

Lanka, India, from the Arabian Sea and Gulf, Gulf of Aden and from the Red 

Sea. Journal of the Bombay Natural History Society, 84, 505-525. 

Debelius, H. (1998) Red Sea reef guide. IKAN, Frankfurt, 1-321. 

Defran, R. & Weller, D.W. (1999) Occurrence, distribution, site fidelity, and school size 

of bottlenose dolphins (Tursiops truncatus) off San Diego, California. Marine 

Mammal Science, 15, 366-380. 

Defran, R., Weller, D.W., Kelly, D.L. & Espinosa, M.A. (1999) Range characteristics of 

Pacific coast bottlenose dolphins (Tursiops truncatus) in the Southern California 

Bight. Marine Mammal Science, 15, 381-393. 

Dolar, M.L. (1999) Abundance, distribution and feeding ecology of small cetaceans in 

the eastern Sulu Sea and Tañon Strait, Philippines. A dissertation submitted in 

partial satisfaction of the requirements of the degree of Doctor of Phylosopy in 

Marine Biology, University of California, San Diego, 1-241. 

Dolar, M.L., Leatherwood, S., Wood, S.N., Alava, M., Hill, C. & Aragonés, L.V. (1994) 

Directed fisheries for cetaceans in the Philippines. Reports of the Intrenational 

Whaling Commission, 44, 439-449. 

Dolar, M.L.L. (1994) Incidental takes of small cetaceans in fisheries in Palawan, central 

Visayas and northern Mindanao in the Philippines. Report of the International 

Whaling Commission, 15, 355-363. 

Eberhardt, L. (1978) Appraising variability in population studies. The Journal of Wildlife 

Management, 207-238. 

Edwards, A. & Head, S. (1987) Key Environments-Red Sea. International Union for 

Conservation of Nature and Natural Resources. IV Series, 1-441. 



 

239 

EEAA (1998) Egypt:   National Strategy and Action Plan for Biodiversity Conservation. 

In: Ministry of State for the Environment Egyptian Environmental Affairs Agency 

Department of Nature Conservation National Biodiversity Unit, pp. 1-86 

EEAA (August, 2014) Protectorates. Retrieved from the ministry of State for 

Environmental Affaires, Egyptian Environmental Affairs Agency website at 

http://www.eeaa.gov.eg/English/main/protect_desc.asp, 

Embling, C.B., Gillibrand, P.A., Gordon, J., Shrimpton, J., Stevick, P.T. & Hammond, P.S. 

(2010) Using habitat models to identify suitable sites for marine protected 

areas for harbour porpoises (Phocoena phocoena). Biological Conservation, 

143, 267-279. 

Englund, A. & Berggren, P. (2002) The impact of tourism on Indo-Pacific bottlenose 

dolphins (Tursiops aduncus) in Menai Bay, Zanzibar. IWC Scientific Committee 

document, SC/54/WW1 

Ersts, P., Pomilla, C., Kiszka, J., Cerchio, S., Rosenbaum, H., Vély, M., Razafindrakoto, Y., 

Loo, J., Leslie, M. & Avolio, M. (2011) Observations of individual humpback 

whales utilising multiple migratory destinations in the south-western Indian 

Ocean. African Journal of Marine Science, 33, 333-338. 

Ersts, P.J. & Rosenbaum, H.C. (2003) Habitat preference reflects social organization of 

humpback whales (Megaptera novaeangliae) on a wintering ground. Journal of 

Zoology, 260, 337-345. 

ESRI (2011) ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems 

Research Institute.  

Estes, J.A., Terborgh, J., Brashares, J.S., Power, M.E., Berger, J., Bond, W.J., Carpenter, 

S.R., Essington, T.E., Holt, R.D. & Jackson, J.B. (2011) Trophic downgrading of 

planet Earth. science, 333, 301-306. 

Evans, P.G. (1987) The natural history of whales & dolphins. Helm. 

Evans, P.G. & Hammond, P.S. (2004) Monitoring cetaceans in European waters. 

Mammal review, 34, 131-156. 

Eyre, E.J. (1995) Observations of cetaceans in the Indian Ocean whale sanctuary, May-

July 1993. Report of the International Whaling Commission, 45, 419-426. 

Eyre, E.J. & Frizell, J. (2012) A Note on observations of cetaceans in the Indian Ocean 

Sanctuary, Australia to Israel, April 1995| Macquarie University 

ResearchOnline. Journal of Cetacean Research and Management, 12, 277-285. 

FAO (2010-2014) Fishery and Aquaculture Country Profiles. Egypt (2010). Country 

Profile Fact Sheets. . In: In: FAO Fisheries and Aquaculture Department [online]. 

Rome. Updated 1 May 2010. [Cited 10 November 2014]. 

Http://www.fao.org/fishery/facp/EGY/en, pp. 1-15 

Farro, A.P.C., Rollo Jr, M.M., Silva Jr, J.M. & Marino, C.L. (2008) Isolation and 

characterization of microsatellite DNA markers for spinner dolphin (Stenella 

longirostris). Conservation Genetics, 9, 1319-1321. 

Feingold, D. (2007) Cetacean Conservation in the Northern Red Sea. A Preliminary 

Ecotourism Oriented Project. Master thesis,  

Ferguson, M.C. & Barlow, J. (2001) Spatial distribution and density of cetaceans in the 

eastern tropical Pacific Ocean based on summer/fall research vessel surveys in 



 

240 

1986-96. In: NOAA, National Marine Fishery Service, Southwest Fisheries Center 

Administrative, p. 61 

Ferguson, M.C., Barlow, J., Fiedler, P.C., Reilly, S.B. & Gerrodette, T. (2006) Spatial 

models of delphinid (family Delphinidae) encounter rate and group size in the 

eastern tropical Pacific Ocean. Ecological Modelling, 193, 645-662. 

Fewster, R.M., Buckland, S.T., Burnham, K.P., Borchers, D.L., Jupp, P.E., Laake, J.L. & 

Thomas, L. (2009) Estimating the encounter rate variance in distance sampling. 

Biometrics, 65, 225-36. 

Findlay, K., Meÿer, M., Elwen, S., Kotze, D., Johnson, R., Truter, P., Uamusse, C., Sitoe, 

S., Wilke, C. & Kerwath, S. (2011) Distribution and abundance of humpback 

whales, Megaptera novaeangliae, off the coast of Mozambique, 2003. Journal 

of Cetacean Research and Management (Special Issue), 3, 163-174. . 

Fishelson, L. (2009) Red Sea Explorations by Israeli Zoologists 1950-2009 Department 

of Zoology, George S. Wise Faculty of Life Sciences, Tel Aviv University, 

Forcada, J. & Hammond, P.S. (1998) Geographical variation in abundance of striped 

and common dolphins of the western Mediterranean. Journal of Sea Research, 

39, 313–325. 

Forcada, J., Gazo, M., Aguilar, A., Gonzalvo, J. & Fernández-Contreras, M. (2004) 

Bottlenose dolphin abundance in the NW Mediterranean: addressing 

heterogeneity in distribution. Marine Ecology Progress Series, 275, 275-287. 

Forney, K.A. (1999) The abundance of California harbor porpoise estimated from 1993-

97 aerial line-transect surveys. In: NOAA, National Marine Fishery Service, 

Southwest Fisheries Center Administrative, pp. 1-16 

Forney, K.A. (2000) Environmental models of cetacean abundance: reducing 

uncertainty in population trends. Conservation Biology, 14, 1271-1286. 

Forney, K.A. & Barlow, J. (1993) Preliminary winter abundance estimates for cetaceans 

along the California coast based on a 1991 aerial survey. Report of the 

International Whaling Commission, 43, 407-415. 

Forney, K.A., Barlow, J. & Carretta, J.V. (1995) The abundance of cetaceans in California 

waters. Part 2: Aerial surveys in winter and spring of 1991 and 1992. Fishery 

Bulletin, 93, 15-26. 

Fortuna, C. (2007) Ecology and Conservation of bottlenose dolphins (Tursiops 

truncatus) in the north-eastern Adriatic Sea. Thesis Submitted for the Degree of 

PhD at the University of St Andrews, St Andrews, 1-256. 

Frazier, J. & Salas, S. (1984) The Status of Marine Turtles in the Egyptian Red Sea. 

Biological Conservation, 30, 41-67. 

Frazier, J.G., Bertram, G.C. & Evans, P.G.H. (1987) Turtles and Marine Mammals. 

Edwards, A.J. and S.M. Head (eds.) Red Sea. Pergammon Press, Oxford, pp. 288-

314. 

Frederiksen, M., Edwards, M., Richardson, A.J., Halliday, N.C. & Wanless, S. (2006) 

From plankton to top predators: bottom-up control of a marine food web 

across four trophic levels. Journal of Animal Ecology, 75, 1259-1268. 

Frère, C.H., Hale, P.T., Porter, L., Cockcroft, V.G. & Dalebout, M.L. (2008) Phylogenetic 

analysis of mtDNA sequences suggests revision of humpback dolphin (Sousa 

spp.) taxonomy is needed. Marine and Freshwater Research, 59, 259-268. 



 

241 

Friday, N.A., Smith, T.D., Stevick, P.T., Allen, J. & Fernald, T. (2008) Balancing bias and 

precision in capture-recapture estimates of abundance. Marine Mammal 

Science, 24, 253-275. 

Friedlaender, A.S., Halpin, P.N., Qian, S.S., Lawson, G.L., Wiebe, P.H., Thiele, D. & Read, 

A.J. (2006) Whale distribution in relation to prey abundance and oceanographic 

processes in shelf waters of the Western Antarctic Peninsula. Marine Ecology 

Progress Series, 317, 297-310. 

Fu, G., Baith, K.S. & McClain, C.R. (1998) SeaDAS: The SeaWiFS Data Analysis System.  

Proceedings of "The 4th Pacific Ocean Remote Sensing Conference", Qingdao, 

China, July 28-31, 1998 (ed by, pp. 73-79.  

Fury, C.A. & Harrison, P.L. (2008) Abundance, site fidelity and range patterns of Indo-

Pacific bottlenose dolphins (Tursiops aduncus) in two Australian subtropical 

estuaries. Marine and Freshwater Research, 59, 1015-1027. 

Gannier, A. (2000) Distribution of cetaceans off Society Islands (French Polynesia) as 

obtained from dedicated survey. Aquatic Mammals, 26, 111-126. 

Gannier, A. & Petiau, E. (2006) Environmental Variables Affecting the Residence of 

Spinner Dolphins (Stenella longirostris) in a Bay of Tahiti (French Polynesia). 

Aquatic Mammals, 32, 202-211. 

Gaspar, R. (2003) Status of the resident bottlenose dolphin population in the Sado 

Estuary: Past, present and future. Thesis Submitted for the Degree of PhD at 

the University of St Andrews, St Andrews, 1-213. 

Gaspari, S., Airoldi, S. & Hoelzel, A.R. (2006) Risso’s dolphins (Grampus griseus) in UK 

waters are differentiated from a population in the Mediterranean Sea and 

genetically less diverse. Conservation Genetics, 8, 727-732. 

Gerrodette, T. & Palacios, D.M. (1996) Estimates of cetacean abundance in EEZ waters 

of the eastern tropical pacific. Southwest Fisheries Science Center, 10, 1-28. 

Gerrodette, T. & Forcada, J. (2002) Estimates of abundance of northeastern offshore 

spotted, coastal spotted, and eastern spinner dolphins in the eastern tropical 

Pacific Ocean. US Nat. Mar. Fish. Serv, Southwest Fish. Sci. Center, LJ-02-06, 1-

41. 

Gerrodette, T. & Forcada, J. (2005) Non-recovery of two spotted and spinner dolphin 

populations in the eastern tropical Pacific Ocean. Marine Ecology Progress 

Series, 291, 1–21. 

Gerrodette, T., Watters, G., Perryman, W. & Ballance, L. (2008) Estimates of 2006 

dolphin abundance in the eastern tropical Pacific, with revised estimates from 

1986-2003. In: NOAA Technical Memorandum NMFS-SWFSC-422, pp. 1-38 

Gese, E.M. (2001) Monitoring of terrestrial carnivore populations. Wildlife Damage 

Management, Internet Center for Publications, 17, 372-397. 

Gilles, A., Scheidat, M. & Siebert, U. (2009) Seasonal distribution of harbour porpoises 

and possible interference of offshore wind farms in the German North Sea. 

Marine Ecology Progress Series, 383, 295-307. 

Gilpatrick, J.W., perrin, W.F., Leatherwood, S. & Shiroma, L. (1987) Summary of 

distribution records of the spinner dolphin, Stenella longirostris, and the 

pantropical spotted dolphin, S. attenuata, from the western Pacific Ocean, 

Indian Ocean and Red Sea. US Department of Commerce, National Oceanic and 



 

242 

Atmospheric Administration, National Marine Fisheries Service, Southwest 

Fisheries Center, 89, 1-43. 

Gladstone, W. & Fisher, P.R. (2000) Status and ecology of cetaceans in the Farasan 

Islands marine protected area (Red Sea). Fauna of Arabia, 18, 385-396. 

Gladstone, W., Tawfiq, N., Nasr, D., Andersen, I., Cheung, C., Drammeh, H., Krupp, F. & 

Lintner, S. (1999) Sustainable use of renewable resources and conservation in 

the Red Sea and Gulf of Aden: issues, needs and strategic actions. Ocean & 

coastal management, 42, 671-697. 

Gouda, E.A.S. (2012) Problems that Impede Sustainable Tourism Development in 

Egypt. World Academy of Science, Engineering and Technology, 71, 251-258. 

Gowans, S., Würsig, B. & Karczmarski, L. (2007) The Social Structure and Strategies of 

Delphinids: Predictions Based on an Ecological Framework. Advances in Marine 

Biology, 53, 195-294. 

Guilcher, A. (1982) Physiography of the Red Sea coast and coastal waters: a summary 

of the present state of knowledge, with suggestions for further research. 

Journal of the Faculty of Marine Science, 2, 27-36. 

Guisan, A. & Zimmermann, N.E. (2000) Predictive habitat distribution models in 

ecology. Ecological modelling, 135, 147-186. 

Guisan, A., Edwards Jr, T.C. & Hastie, T. (2002) Generalized linear and generalized 

additive models in studies of species distributions: setting the scene. Ecological 

modelling, 157, 89-100. 

Haase, P.A. & Schneider, K. (2001) Birth demographics of bottlenose dolphins, Tursiops 

truncatus, in Doubtful Sound, Fiordland, New Zealand—preliminary findings. 

New Zealand Journal of Marine and Freshwater Research,, 35, 675-680. 

Hale, P.T., Barreto, A.S. & Ross, G.J.B. (2000) Comparative morphology and distribution 

of the aduncus and truncatus forms of bottlenose dolphin Tursiops in the Indian 

and Western Pacific Oceans. Aquatic Mammals, 26, 101-110. 

Hamazaki, T. (2002) Spatiotemporal prediction models of cetacean habitats in the mid-

western North Atlantic ocean (from Cape Hatteras, North Carolina, USA to 

Nova Scotia, Canada). Marine Mammal Science, 18, 920-939. 

Hammond, P.S. (1986) Estimating the size of naturally marked whale populations using 

capture-recapture techniques. Report of the International Whaling Commission, 

8, 253-282. 

Hammond, P.S. (1995) Estimating the abundance of marine mammals: a North Atlantic 

perspective, A.S. Blix, L. WallCe and 13. Ulltang, editors. 

Hammond, P.S. (2009) Mark-recapture. Encyclopedia of Marine Mammals. Elsevier 

Academic Press, Canada, 705-709. 

Hammond, P.S. (2010) Estimating the abundance of marine mammals. Boyd, IL, Bowen, 

WD and Iverson, SJ (eds.) Marine Mammal Ecology and Conservation: A 

Handbook of Techniques. Oxford University Press, Oxford, pp. 42-67. 

Hammond, P.S. & Macleod, K. (2006) Progress report on the SCANS-II project. 13th 

Advisory Committee to ASCOBANS, Tampere, Finland, 25-27. 

Hammond, P.S., Benke, H., Berggren, P., Borchers, D.L., Buckland, S.T., Collet, A., 

Heide-Jørgensen, M.P., Heimlich-Boran, S., Hiby, A.R. & Leopold, M.F. (1995) 



 

243 

Distribution and abundance of the harbour porpoise and other small cetaceans 

in the North Sea and adjacent waters. IWC CM 1995/N:lO, 92, 1-20. 

Hammond, P.S., Berggren, P., Benke, H., Borchers, D.L., Collet, A., Heide-Jørgensen, 

M.P., Heimlich, S., Hiby, A.R., Leopold, M.F. & Øien, N. (2002) Abundance of 

harbour porpoise and other cetaceans in the North Sea and adjacent waters. 

Journal of Applied Ecology, 39, 361-376. 

Hammond, P.S., Gillespie, D., Lovell, P., Samarra, F., Swift, R., Macleod, K., Tasker, M.L., 

Berggren, P., Borchers, D.L. & Burt, L. (2014) Large scale surveys for cetaceans: 

Line transect assumptions, reliability of abundance estimates and improving 

survey efficiency–A response to MacLeod. Biological Conservation, 170, 338-

339. 

Hammond, P.S., Macleod, K., Berggren, P., Borchers, D.L., Burt, L., Cañadas, A., 

Desportes, G., Donovan, G.P., Gilles, A., Gillespie, D., Gordon, J., Hiby, L., Kuklik, 

I., Leaper, R., Lehnert, K., Leopold, M., Lovell, P., Øien, N., Paxton, C.G.M., 

Ridoux, V., Rogan, E., Samarra, F., Scheidat, M., Sequeira, M., Siebert, U., Skov, 

H., Swift, R., Tasker, M.L., Teilmann, J., Van Canneyt, O. & Vázquez, J.A. (2013) 

Cetacean abundance and distribution in European Atlantic shelf waters to 

inform conservation and management. Biological Conservation, 164, 107-122. 

Hariri, K.I., Nichols, P., Krupp, F., Mishrigi, S., Barrania, A., Ali, A.F. & Kedidi, S.M. (2000) 

Status of the living marine resources in the Red Sea and Gulf of Aden region 

and their management. Strategic Action Programme for the red Sea and Gulf of 

Aden, final Report, 1-148. 

Hartman, K.L., Fernandez, M. & Azevedo, J.M.N. (2014) Spatial segregation of calving 

and nursing Risso’s dolphins (Grampus griseus) in the Azores, and its 

conservation implications. Marine Biology, 161, 1419-1428. 

Hass, H. (1951) Under the Red Sea (original title "Abenteuer im Roten Meer"). In, Hass, 

H., Movie. 

Hastie, G.D., Wilson, B.E.N., Wilson, L.J., Parsons, K.M. & Thompson, P.M. (2004) 

Functional mechanisms underlying cetacean distribution patterns: hotspots for 

bottlenose dolphins are linked to foraging. Marine Biology, 144, 397-403. 

Hastie, T.J. & Tibshirani, R.J. (1999) Generalized Additive Models. Chapman & Hall/CRC 

Press, Boca Raton, 335 pp. 

Haw, M.D. (1991) An investigation into the differences in minke whale school density 

estimates from passing mode and closing mode survey in IDCR Antarctic 

assessment cruises. Report of the International Whaling Commission, 41, 313-

30. 

Hawkins, E.R. & Gartside, D.F. (2008) Social and Behavioural Characteristics of Indo-

Pacific Bottlenose Dolphins (Tursiops aduncus) in northern New South Wales, 

Australia. Australian Mammalogy, 30, 71-82. 

Hedley, C. (2001) The 1998 Agreement on the International Dolphin Conservation 

Program: Recent developments in the tuna-dolphin controversy in the eastern 

Pacific Ocean. Ocean Development & International Law, 32, 71-92. 

Hedley, S.L., Buckland, S.T. & Borchers, D.L. (1999) Spatial Modelling from Line 

Transect Data. Journal of Cetacean Research and Management, 1, 255-264. 



 

244 

Heithaus, M.R. (2001) Predator–prey and competitive interactions between sharks 

(order Selachii) and dolphins (suborder Odontoceti): a review. Journal of 

Zoology, 253, 53-68. 

Heithaus, M.R. & Dill, L.M. (2006) Does tiger shark predation risk influence foraging 

habitat use by bottlenose dolphins at multiple spatial scales? Oikos, 114, 257-

264. 

Hemprich, C. & Ehrenberg, W. (1832) Symbolae Physicae Mammalia, 2: footnote on 

last page of unpaginated fascicle headed Herpestes leucurus H. et E. Berlin, 

Germany, last page. 

Hiby, A.R. & Hammond, P.S. (1989) Survey techniques for estimating abundance of 

cetaceans. Report of the International Whaling Commission, 11, 47-80. 

Hilmi, N., Safa, A., Reynaud, S. & Allemand, D. (2012) Coral Reefs and Tourism in 

Egypt’s Red Sea. Topics in Middle Eastern and African Economies, 14, 416-434. 

Hofman, R.J. (1995) The changing focus of marine mammal conservation. Trends in 

ecology & evolution, 10, 462-465. 

Hooker, S.K. & Gerber, L.R. (2004) Marine reserves as a tool for ecosystem-based 

management: the potential importance of megafauna. BioScience, 54, 27-39. 

Hooker, S.K., Whitehead, H. & Gowans, S. (1999) Marine protected area design and the 

spatial and temporal distribution of cetaceans in a submarine canyon. 

Conservation Biology, 13, 592-602. 

Hoyt, E. (2009) Whale watching. Perrin, W.F., Wursig, B., Thewissen, J.G.M. (Eds.), 

Encyclopedia of Marine Mammals. Academic Press, New York,, 1223-1227. 

Hoyt, E. (2012) Marine Protected Areas for Whales, Dolphins and Porpoises: A world 

handbook for cetacean habitat conservation and planning. Routledge. 

Ingram, S.N. & Rogan, E. (2002) Identifying critical areas and habitat preferences of 

bottlenose dolphins Tursiops truncatus. Marine Ecology Progress Series, 244, 

247-255. 

IOC IHO and BODC (2003) BODC, 2003. Centenary Edition of the GEBCO Digital Atlas, 

published on CD-ROM on behalf of the Intergovernmental Oceanographic 

Commission and the International Hydrographic Organization as part of the 

General Bathymetric Chart of the Oceans. British oceanographic data centre, 

Liverpool, 1-311. 

Irwin, L.-J. & Wursig, B. (2004) A Small Resident Community of Bottlenose Dolphins, 

Tursiops truncatus, in Texas: Monitoring Recommendations. Gulf of Mexico 

Science, 22, 13-21. 

IUCN (July - 2014) Red List of threatened species. In, Retrieved from: 

www.iucnredlist.org. 

IWC (1998) Forty-Eighth Report of the Commission, Annex M. 258-280. 

Jefferson, T., Curry, B., Leatherwood, S. & Powell, J. (1997) Dolphins and porpoises of 

West Africa: a review of records (Cetacea: Delphinidae, Phocoenidae). 

Mammalia, 61, 87-108. 

Jefferson, T.A. & Karczmarski, L. (2001) Sousa chinensis. Mammalian species, 655, 1-9. 

Jefferson, T.A., Hung, S.K. & Würsig, B. (2009) Protecting small cetaceans from coastal 

development: Impact assessment and mitigation experience in Hong Kong. 

Marine Policy, 33, 305-311. 



 

245 

Jefferson, T.A., Weir, C.R., Anderson, R.C., Ballance, L.T., Kenney, R.D. & Kiszka, J.J. 

(2013) Global distribution of Risso's dolphin Grampus griseus: a review and 

critical evaluation. Mammal Review, 44, 56-58. 

Karczmarski, L., Wursig, B., Gailey, G., Larson, K.W. & Vanderlipb, C. (2005) Spinner 

dolphins in a remote Hawaiian atoll: social grouping and population structure. 

Behavioral Ecology, 16, 675-685. 

Kaschner, K., Quick, N.J., Jewell, R., Williams, R. & Harris, C.M. (2012) Global Coverage 

of Cetacean Line-Transect Surveys: Status Quo, Data Gaps and Future 

Challenges. PLoS One, 7, e44075. 

Kasuya, T. (1985) Fishery-dolphin conflict in the Iki Island area of Japan. In" Marine 

Mammals and Fisheries"(Eds JR Beddington, RJH Beverton and DM Lavigne) pp. 

253-272. In. George Allen and Unwin, London 

Katona, S. & Whitehead, H. (1981) Identifying humpback whales using their natural 

markings. Polar Record, 20, 439-444. 

Katona, S. & Whitehead, H. (1988) Are cetacea ecologically important. Oceanogr. Mar. 

Biol. Annu. Rev, 26, 553-568. 

Keller, R.W., Leatherwood, S. & Holt, S.J. (1982) Indian Ocean Cetacean Survey, 

Seychelles’ islands, April through June 1980. Report of the International 

Whaling Commission, 32, 503-513. 

Kendall, W.L., Nichols, J.D. & Hines, J.E. (1997) Estimating temporary emigration using 

capture-recapture data with Pollock's robust design. Ecology, 78, 563-578. 

Kerem, D., Goffman, O., Scheinin, A., Elasar, M., Hadar, N. & Edelist, D. (2014) Report 

on the status of small cetaceans in Israeli Mediterranean waters. Report of the 

International Whaling Commission, SC/65b/SM09 

Kershaw, F., Leslie, M.S., Collins, T., Mansur, R.M., Smith, B.D., Minton, G., Baldwin, R., 

LeDuc, R.G., Anderson, R.C. & Brownell, R.L. (2013) Population Differentiation 

of 2 Forms of Bryde’s Whales in the Indian and Pacific Oceans. Journal of 

Heredity, 104, 755-764. 

Kim, Y.J. & Gu, C. (2004) Smoothing spline Gaussian regression: more scalable 

computation via efficient approximation. Journal of the Royal Statistical 

Society: Series B (Statistical Methodology), 66, 337-356. 

Kiszka, J., Ersts, P.J. & Ridoux, V. (2007) Cetacean diversity around the Mozambique 

Channel island of Mayotte (Comoros archipelago). Journal of Cetacean 

Research and Management, 9, 105-109. 

Kiszka, J., Ersts, P.J. & Ridoux, V. (2010) Structure of a toothed cetacean community 

around a tropical island (Mayotte, Mozambique Channel). African Journal of 

Marine Science, 32, 543-551. 

Kiszka, J., Breysse, O., Vely, M. & Boinali, K. (2006) Marine mammals around the 

Comoros archipelago (Mozambique Channel): recent records and review of 

available information. International Whaling Committee Scientific Commission 

meeting, SC-58-O6, 1-5. 

Kiszka, J., Berggren, P., Rosenbaum, H., Cerchio, S., Rowat, D., Drouot-Dulau, V., 

Razafindrakoto, Y., Vely, M. & Guissamulo, A. (2009) Cetaceans in the 

southwest Indian Ocean: a review of diversity, distribution and conservation 

issues. In. Report SC/61/O18 submitted to the IWC Scientific Committee. 13p 



 

246 

Klatsky, L.J., Wells, R.S. & Sweeney, J.C. (2007) Offshore bottlenose dolphins (Tursiops 

truncatus): Movement and dive behavior near the Bermuda Pedestal. Journal of 

Mammalogy, 88, 59-66. 

Kontoleon, A. & Swanson, T. (2003) The willingness to pay for property rights for the 

giant panda: Can a charismatic species be an instrument for nature 

conservation? Land Economics, 79, 483-499. 

Kotb, M., Abdulaziz, M., Al-Agwan, Z., Alshaikh, K., Al-Yami, H., Banajah, A., Devantier, 

L., Eisinger, M., Eltayeb, M. & Hassan, M. (2004) Status of coral reefs in the Red 

Sea and Gulf of Aden in 2004. Wilkinson, op. cit. note, 70, 137-39. 

Krebs, C.J., Hickman, G.C. & Hickman, S.M. (1994) Ecology: the experimental analysis of 

distribution and abundance. HarperCollins College Publishers New York. 

Kruse, S., Caldwell, D. & Caldwell, M. (1999) Risso’s dolphin Grampus griseus (G. 

Cuvier, 1812). Handbook of marine mammals, pp. 183-212. 

Kruse, S., Leatherwood, S., Prematunga, W.P., Mendes, C. & Gamage, A. (1991) 

Records of Risso’s dolphins, Grampus griseus, in the Indian Ocean, 1891–1986. 

Cetaceans and cetacean research in the Indian Ocean Sanctuary. Edited by S. 

Leatherwood and G. Donovan. United Nations Environmental Programme, 

Nairobi, Kenya, 66-77. 

Laake, J., Borchers, D.L., Thomas, L., Miller, D. & Bishop, J.R. (2014) mrds: Mark-

Recapture Distance Sampling (mrds). R package version 2.1.5.  

Lammers, M.O. (2004) Occurrence and Behavior of Hawaiian Spinner Dolphins 

(Stenella longirostris) Along Oahu's Leeward and South Shores. Aquatic 

Mammals, 30, 237-250. 

Landsat Project Science Office (Nov 2009) Landsat 7 Science Data Users Handbook. 

Accessed on the 29th of November 2009, at: http://glovis.usgs.gov.  

Larsen, F. & Hammond, P.S. (2004) Distribution and abundance of West Greenland 

humpback whales (Megaptera novaeangliae). Journal of Zoology, 263, 343-358. 

Lauriano, G., Pierantonio, N., Donovan, G. & Panigada, S. (2014) Abundance and 

distribution of Tursiops truncatus in the Western Mediterranean Sea: An 

assessment towards the Marine Strategy Framework Directive requirements. 

Marine Environmental Research, 100, 86-93. 

Lawrence, A., Ahmed, M., Hanafy, M., Gabr, H., Ibrahim, A. & Gab-Alla, A. (2004) Status 

of the sea cucumber fishery in the Red Sea, the Egyptian experience. Advances 

in sea cucumber aquaculture and management. FAO FISHERIES TECHNICAL, pp. 

79-90. 

Leaper, R. & Gordon, J. (2001) Application of photogrammetric methods for locating 

and tracking cetacean movements at sea. Journal of Cetacean Research and 

Management, 3, 131-142. 

Leatherwood, S. (1986) Whales, Dolphins, and Porpoises of the Indian Ocean Cetacean 

Sanctuary: A Catalogue of Available Information. United Nations Environment 

Programme. 

Leatherwood, S. & Reeves, R.R. (1990) The bottlenose dolphin. Elsevier. 

Leatherwood, S. & Donovan, G.P. (1991) Cetaceans and cetacean research in the Indian 

Ocean Sanctuary. UNEP. 



 

247 

Leatherwood, S., Peters, C.B., Santerre, R., Santerre, M. & Clarke, J.T. (1984) 

Observations of cetaceans in the northern Indian Ocean sanctuary, November 

1980-May 1983. Report of the International Whaling Commission, 34, 509-520. 

Lejeusne, C., Chevaldonné, P., Pergent-Martini, C., Boudouresque, C.F. & Pérez, T. 

(2010) Climate change effects on a miniature ocean: the highly diverse, highly 

impacted Mediterranean Sea. Trends in Ecology & Evolution, 25, 250-260. 

Leonard, H.J. & Morell, D. (1981) Emergence of environmental concern in developing 

countries: a political perspective. Stan. J. Int'l L., 17, 281. 

Liang, K.-Y. & Zeger, S.L. (1986) Longitudinal data analysis using generalized linear 

models. Biometrika, 73, 13-22. 

Lusseau, D., Schneider, K., Boisseau, O.J., Haase, P., Slooten, E. & Dawson, S.M. (2003) 

The bottlenose dolphin community of Doubtful Sound features a large 

proportion of long-lasting associations. Behavioral Ecology and Sociobiology, 

54, 396-405. 

MacLeod, C.D. (2014) One size does not necessarily fit all for cetacean abundance 

estimate survey design-Reply to Hammond. Biological conservation, 170, 336-

337. 

Mann, J. (2000) Cetacean societies: field studies of dolphins and whales. University of 

Chicago Press. 

Mansur, R.M., Strindberg, S. & Smith, B.D. (2012) Mark-resight abundance and survival 

estimation of Indo-Pacific bottlenose dolphins, Tursiops aduncus, in the 

Swatch-of-No-Ground, Bangladesh. Marine Mammal Science, 28, 561-578. 

Marshall, N.A., Marshall, P.A., Abdulla, A. & Rouphael, T. (2010) The links between 

resource dependency and attitude of commercial fishers to coral reef 

conservation in the Red Sea. Ambio, 39, 305-313. 

Matthiopoulos, J. & Aarts, G. (2010) The spatial analysis of marine mammal 

abundance. Boyd, IL, Bowen, WD and Iverson, SJ (eds.) Marine Mammal 

Ecology and Conservation: A Handbook of Techniques, Oxford University Press, 

Oxford. 

McCullagh, P. & Nelder, J.A. (1989) Generalized linear models, (Vol. 2). London: 

Chapman and Hall, 1989. 

Melville, H. (1851) Moby-Dick; or, The Whale. Richard Bentley, Britain. 

Mendez, M., Jefferson, T.A., Kolokotronis, S.O., Krutzen, M., Parra, G.J., Collins, T., 

Minton, G., Baldwin, R., Berggren, P., Sarnblad, A., Amir, O.A., Peddemors, 

V.M., Karczmarski, L., Guissamulo, A., Smith, B., Sutaria, D., Amato, G. & 

Rosenbaum, H.C. (2013) Integrating multiple lines of evidence to better 

understand the evolutionary divergence of humpback dolphins along their 

entire distribution range: a new dolphin species in Australian waters? 

Molecular Ecology, 22, 5936-48. 

Merrick, R.L. (1997) Current and historical roles of apex predators in the Bering Sea 

ecosystem. Journal of Northwest Atlantic Fishery Science, 22, 343-355. 

Merrick, R.L., Silber, G.K., DeMaster, D.P. & Reynolds, J.E. (2009) Endangered species 

and popultions. Perrin, W.F., Wursig, B., Thewissen, J.G.M. (Eds.), Encyclopedia 

of Marine Mammals. Academic Press, New York, 368-375. 



 

248 

Miller, J. (2004) Report on Marine Turtles of Wadi El Gemal-Hamata Park, Southern 

Red Sea Coast, Egypt. In, The American University in Cairo Prepared for EEPP-

RSSD, 1-40. 

Minton, G., Collins, T.J.Q., Findlay, K.P. & Baldwin, R. (2010) Cetacean distribution in 

the coastal waters of the Sultanate of Oman. Journal of Cetacean Research and 

Management, 11, 301-313. 

Minton, G.T.J.Q., Collins, T.J.Q., Pomilla, C., Findlay, K., Rosenbaum, H.C., Baldwin, R.M. 

& Brownell Jr, R.L. (2008) Megaptera novaeangliae (Arabian Sea sub-

population). IUCN Red List of Threatened Species., [http://www. iucnredlist. 

org/details/132835]. 

Minton, G.T.J.Q., Collins, T.J.Q., Findlay, K.P., Ersts, P.J., Rosenbaum, H.C., Berggren, P. 

& Baldwin, R. (2011) Seasonal distribution, abundance, habitat use and 

population identity of humpback whales in Oman. Journal of Cetacean Research 

and Management, 3, 185-198. 

Mizrahi, N., Kerem, D., Goffman, O., Lernau, O. & Spanier, E. (2009) Identified fish 

remains regurgitated by a solitary Indian Ocean bottlenose dolphin, Tursiops 

aduncus, in the Gulf of Aqaba. Zoology in the Middle East 46, 19-28. 

Mizroch, S., Herman, L., Straley, J., Glockner-Ferrari, D., Jurasz, C., Darling, J., Cerchio, 

S., Gabriele, C., Salden, D. & Ziegesar, O. (2004) Estimating the adult survival 

rate of central North Pacific humpback whales (Megaptera novaeangliae). 

Journal of Mammalogy, 85, 963-972. 

Mobley, J.R.J., Spiz, S.S., Forney, K.A., Grotefendt, R. & Forestell, P.H. (2000) 

Distribution and abundance of odontocete species in Hawaiian waters: 

Preliminary results of 1993-98 aerial surveys. In: NOAA, National Marine Fishery 

Service, Southwest Fisheries Center Administrative, p. 27 

Moisen, G.G. & Frescino, T.S. (2002) Comparing five modelling techniques for 

predicting forest characteristics. Ecological modelling, 157, 209-225. 

Moore, S.E. (2009) Climate change. Perrin, W.F., Wursig, B., Thewissen, J.G.M. (Eds.), 

Encyclopedia of Marine Mammals. Academic Press, New York,. 

Morcos, S.A. (1970) Physical and chemical oceanography of the Red Sea. Oceanogr. 

Mar. Biol. Ann. Rev, 8, 73-202. 

Mullin, K.D. & Fulling, G.L. (2004) Abundance of cetaceans in the oceanic northern Gulf 

of Mexico, 1996–2001. Marine Mammal Science, 20, 787-807. 

Mullin, K.D., Hoggard, W. & Hansen, L.J. (2004) Abundance and seasonal occurrence of 

cetaceans in outer continental shelf and slope waters of the north-central and 

northwestern Gulf of Mexico. Gulf of Mexico Science, 22, 62-73. 

Norris, K.S. & Dohl, T.P. (1980) Behaviour of the Hawaiian spinner dolphin Stenella 

longirostris. Fishery Bulletin, 77, 821-849. 

Norris, K.S., Würsig, B., Wells, R.S., Würsig, M., Brownlee, S.M., Johnson, C. & Solow, J. 

(1994) The Hawaiian spinner dolphin, University of California Press, Berkeley. 

408 pp. 

Notarbartolo di Sciara, G. (2002) Cetacean species occurring in the Mediterranean and 

Black Seas. G. Notarbartolo di Sciara (Ed.), Cetaceans of the Mediterranean and 

Black Seas: state of knowledge and conservation strategies. A report to the 

ACCOBAMS Secretariat, Monaco, February 2002. Section 3, 1-17. 



 

249 

Notarbartolo di Sciara, G. (2009) Red Sea spinner dolphin protection supported by 

controlled ecotourism. In: “Beyond the Obituaries: Success Stories in Marine 

Conservation” – Smithsonian Institution, Washington, D.C. 20 May 2009.  

Notarbartolo di Sciara, G. & Costa, M. (2007) Dolphin habitat conservation and 

sustainable use: a pilot experience in the Egyptian coastal Red Sea. In, Final 

Report to the Abu Salama Society, 1-40. 

Notarbartolo di Sciara, G., Costa, M., Cesario, A. & Fumagalli, M. (in preparation-a) 

Spinner dolphins, Stenella longirostris, in Samadai Reef, Red Sea: abundance, 

ecology and behaviour.  

Notarbartolo di Sciara, G., Addink, M., Baldwin, R.M., Rudolph, P. & Smeenk, C. (2007) 

A Review of Cetaceans from the Red Sea. Poster presented at the  21th 

Conference of the Europen Cetacean Society, San Sebastian, Spain, 2013. 

Notarbartolo di Sciara, G., Agardy, T., Hyrenbach, D., Scovazzi, T. & Van Klaveren, P. 

(2008) The Pelagos sanctuary for Mediterranean marine mammals. Aquatic 

Conservation: Marine and Freshwater Ecosystems, 18, 367-391. 

Notarbartolo di Sciara, G., Hanafy, M.H., Fouda, M.M., Afifi, A. & Costa, M. (2009) 

Spinner dolphin (Stenella longirostris) resting habitat in Samadai Reef (Egypt, 

Red Sea) protected through tourism management. Journal of the Marine 

Biological Association of the United Kingdom, 89, 211-216. 

Notarbartolo di Sciara, G., Rudolph, P., Baldwin, R., Smeenk, C., Addink, M., Kerem, D., 

Feingold, D., Costa, M., Cesario, A. & Fumagalli, M. (in preparation-b) Review of 

the Red Sea cetaceans.  

Nowacek, D.P., Johnson, M.P. & Tyack, P.L. (2004) North Atlantic right whales 

(Eubalaena glacialis) ignore ships but respond to alerting stimuli. Proceedings 

of the Royal Society of London. Series B: Biological Sciences, 271, 227-231. 

Olesiuk, P., Bigg, M. & Ellis, G. (1990) Life history and population dynamics of resident 

killer whales (Orcinus orca) in the coastal waters of British Columbia and 

Washington State. Report of the International Whaling Commission, Special, 

209-243. 

Olivier, F. & Wotherspoon, S.J. (2005) GIS-based application of resource selection 

functions to the prediction of snow petrel distribution and abundance in East 

Antarctica: comparing models at multiple scales. Ecological Modelling, 189, 

105-129. 

Orams, M.B. (1997) Historical accounts of human-dolphin interaction and recent 

developments in wild dolphin based tourism in Australasia. Tourism 

Management, 18, 317-326. 

Ormond, R., Dawson-Sheppard, A., Price, A. & Pitts, R. (1984a) Report on the 

distribution of habitats and species in the Saudi Arabian Red Sea. International 

Union for Conservation of Nature/Meteorological and Environmental Protection 

Administration/PERSGA, Kingdom of Saudi Arabia, 2, 151. 

Ormond, R., Dawson-Sheppard, A., Price, A. & Pitts, R. (1984b) Report on the 

distribution of habitats and species in the Saudi Arabian Red Sea. International 

Union for Conservation of Nature/Meteorological and Environmental Protection 

Administration/PERSGA, Kingdom of Saudi Arabia, 1, 123. 



 

250 

Otis, D.L., Burnham, K.P., White, G.C. & Anderson, D.R. (1978) Statistical inference 

from capture data on closed animal populations. Wildlife monographs, 62, 3-

135. 

Palka, D.L. & Hammond, P.S. (2001) Accounting for responsive movement in line 

transect estimates of abundance. Canadian Journal of Fisheries and Aquatic 

Sciences, 58, 777-787. 

Panigada, S., Lauriano, G., Burt, L., Pierantonio, N. & Donovan, G. (2011) Monitoring 

winter and summer abundance of cetaceans in the Pelagos Sanctuary 

(northwestern Mediterranean Sea) through aerial surveys. PloS One, 6, e22878. 

Patterson, I., Reid, R., Wilson, B., Grellier, K., Ross, H. & Thompson, P. (1998) Evidence 

for infanticide in bottlenose dolphins: an explanation for violent interactions 

with harbour porpoises? Proceedings of the Royal Society of London. Series B: 

Biological Sciences, 265, 1167-1170. 

Payne, R., Brazier, O., Dorsey, E.M., Perkins, J.S., Rowntree, V.J. & Titus, A. (1981) 

External features in southern right whales (Eubalaena australis) and their use in 

identifying individuals. US Department of Commerce Nationale Technical 

Infomation Service, MMC 76/21, 1-77. 

Peddemors, V.M., Best, P.B., Findley, K.P., Gove, D., Rakotonirina, B., Rossauw, A. & 

Sekiguchi, K. (1997) Small cetaceans of the Southwest Indian Ocean. In, 

Unpublished paper to the IWC Scientific Committee. Bournemouth, September 

1997. (SC/49/SM33). 

Pennington, J.T., Mahoney, K.L., Kuwahara, V.S., Kolber, D.D., Calienes, R. & Chavez, 

F.P. (2006) Primary production in the eastern tropical Pacific: a review. Progress 

in Oceanography, 69, 285-317. 

Perrin, W., Leatherwood, S. & Dolar, M. (1995) The status of marine mammal research 

in Southeast Asia. International Marine Biological Research Institute, 

Kamogawa, Japan, 5, 1-6. 

Perrin, W.F. (1998) Stenella longirostris. Mammalian Species, 599, 1-7. 

Perrin, W.F. (2002) Pantropical spotted dolphin Stenella attenuata. pp. 865-867. 

Perrin, W.F. (2014) World Cetacea Database. In, Accessed at 

http://www.marinespecies.org/cetacea on 2014-11-22. 

Perrin, W.F. & Gilpatrick Jr, J.W. (1994) Spinner dolphin Stenella longirostris (Gray, 

1828). Handbook of marine mammals, pp. 99-128. 

Perrin, W.F., Robertson, K.M., Van Bree, P.J.H. & Mead, J.G. (2007) Cranial description 

and genetic identity of the holotype specimen of Tursiops aduncus (Ehrenberg, 

1832). Marine Mammal Science, 23, 343-357. 

Perrin, W.F., Thieleking, J.L., Walker, W.A., Archer, F.I. & Robertson, K.M. (2011) 

Common bottlenose dolphins (Tursiops truncatus) in California waters: Cranial 

differentiation of coastal and offshore ecotypes. Marine Mammal Science, 27, 

769-792. 

PERSGA (1998) Strategic Action Programme for the Red Sea and Gulf of Aden. In: 

Regional Organization for the Conservation of the Environment of the Red Sea 

and Gulf of Aden, pp. 1-93, 1998 The International Bank for Reconstruction and 

Development/ THE WORLD BANK 1818 H. Street, N.W., Washington, D.C. 

20433, U.S.A. 



 

251 

PERSGA (2004) Standard Survey Methods for Key Habitats and Key Species in the Red 

Sea and Gulf of Aden. In: PERSGA Technical Series, pp. 1-310 

Pershing, A.J., Record, N.R., Monger, B.C., Mayo, C.A., Brown, M.W., Cole, T.V., 

Kenney, R.D., Pendleton, D.E. & Woodard, L.A. (2009) Model-based estimates 

of right whale habitat use in the Gulf of Maine. Marine Ecology-Progress Series, 

378, 245. 

Pilleri, G. & Gihr, M. (1972) Contribution to the knowledge of the cetaceans of Pakistan 

with particular reference to the genera Neomeris, Sousa, Delphinus and 

Tursiops and description of a new Chinese porpoise (Neomeris asiaeorientalis). 

Investigations on cetacea, 4, 107-162. 

Pinedo, M.C. (1994) Review of small cetacean fishery interactions in southern Brazil 

with special reference to the franciscana, Pontoporia blainvillei. Report of the 

International Whaling Commission, 15, 251-259. 

Pirotta, E., Matthiopoulos, J., MacKenzie, M., Scott-Hayward, L. & Rendell, L. (2011) 

Modelling sperm whale habitat preference: a novel approach combining 

transect and follow data. Marine Ecology Progress Series, 436, 257-272. 

Pollock, K.H. (1982) A capture-recapture design robust to unequal probability of 

capture. The Journal of Wildlife Management, 46, 752-757. 

Pomilla, C., Amaral, A.R., Collins, T., Minton, G., Findlay, K., Leslie, M.S., Ponnampalam, 

L., Baldwin, R. & Rosenbaum, H. (2014) The World's Most Isolated and Distinct 

Whale Population? Humpback Whales of the Arabian Sea. PloS one, 9, e114162. 

Poole, M.M. (1995) Aspects of the behavioral ecology of spinner dolphins (Stenella 

longirostris) in the nearshore waters of Mo'orea, French Polynesia. A 

dissertation submitted in partial satisfaction of the requirements for the degree 

of Doctor in Phylosophy in Bilology. University of California, 1-177. 

Por, F.D. (1978) Lessepsian migration: the influx of Red Sea biota into the 

Mediterranean by way of the Suez Canal. Springer-Verlag Berlin. 

Preen, A. (1989) Technical Report, Dugongs, Volume 1: The status and conservation of 

dugongs in the Arabian Region. In: MEPA Coastal and Marine Management 

Series, Saudi Arabia, pp. 1-200 

Preen, A. (2004) Distribution, abundance and conservation status of dugongs and 

dolphins in the southern and western Arabian Gulf. Biological Conservation, 

118, 205-218. 

Prideaux, M. (2003) Beyond the state: Building regimes for species protection in all 

oceans. In: Hawke Research Institute Working Paper Series, 24, Hawke Research 

Institute, University of South Australia, 1-30. 

Quetglas, A., Carbonell, A. & Sanchez, P. (2000) Demersal continental shelf and upper 

slope cephalopod assemblages from the Balearic Sea (north-western 

Mediterranean). Biological aspects of some deep-sea species. Estuarine, 

Coastal and Shelf Science, 50, 739-749. 

Ramp, C., Bérubé, M., Palsbøll, P., Hagen, W. & Sears, R. (2009) Sex-specific survival in 

the humpback whale Megaptera novaeangliae in the Gulf of St. Lawrence, 

Canada. Marine Ecology Progress Series, 400, 267. 

Read, A.J. (2008) The looming crisis: interactions between marine mammals and 

fisheries. Journal of Mammalogy, 89, 541-548. 



 

252 

Read, A.J., Drinker, P. & Northridge, S. (2006) Bycatch of marine mammals in US and 

global fisheries. Conservation biology, 20, 163-169. 

Read, A.J., Urian, K.W., Wilson, B. & Waples, D.M. (2003) Abundance of bottlenose 

dolphins in the bays, sounds, and estuaries of North Carolina. Marine Mammal 

Science, 19, 59-073. 

Redfern, J., Barlow, J., Ballance, L., Gerrodette, T. & Becker, E. (2008) Absence of scale 

dependence in dolphin-habitat models for the eastern tropical Pacific Ocean. 

Marine Ecology Progress Series, 363, 1-14. 

Redfern, J.V., Ferguson, M.C., Becker, E.A., Hyrenbach, K.D., Good, C.P., Barlow, J., 

Kaschner, K., Baumgartner, M.F., Forney, K.A. & Ballance, L.T. (2006) 

Techniques for cetacean–habitat modeling. Marine Ecology Progress Series, 

310, 271-295. 

Reeves, R.R. (2009) Conservation efforts. Perrin, W.F., Wursig, B., Thewissen, J.G.M. 

(Eds.), Encyclopedia of Marine Mammals. Academic Press, New York, pp. 275-

289. 

Reeves, R.R., Berggren, P., Crespo, E.A., Gales, N., Northridge, S.P., Notarbartolo di 

Sciara, G., Perrin, W.F., Read, A.J., Rogan, E. & Smith, B.D. (2005) Global 

priorities for reduction of cetacean bycatch. In, World Wildlife Fund. 

Reilly, S.B. (1990) Seasonal changes in distribution and habitat differences among 

dolphins in the eastern tropical Pacific. Marine Ecology Progress Series, 66, 1-

11. 

Reilly, S.B. & Fiedler, P.C. (1994) Interannual variability of dolphin habitats in the 

eastern tropical Pacific. I: Research vessel surveys, 1986-1990. Fishery Bulletin, 

92, 434-450. 

Roberge, J.M. & Angelstam, P. (2004) Usefulness of the umbrella species concept as a 

conservation tool. Conservation Biology, 18, 76-85. 

Robineau, D. (1981) Sur l'échouage d'un Rorqual de Bryde en mer Rouge, près de 

Hodeidah (Yémen du Nord). Mammalia, 45, 383-387. 

Robineau, D. & Rose, J.M.l. (1983) Note sur le Stenella longirostris (Cetacea, 

Delphinidae) du golfe d’Aden. Mammalia, 47, 237-246. 

Robineau, D. & Rose, J.M. (1984) Les cetaces de Djibouti. Bilan des connaissances 

actuelles sur la fauna cetologique de la mer Rouge at du golfe d’Aden. Bull. 

Mus. Natn. Hist. Nat., Paris (4)6(1), 219-249. 

Rogers, C.A., Brunnick, B.J., Herzing, D.L. & Baldwin, J.D. (2004) The social structure of 

bottlenose dolphins, Tursiops truncatus, in the Bahamas. Marine Mammal 

Science, 20, 688-708. 

Roghi, G. & Salvadori, F.B. (1956) Dahlak: With the Italian National Underwater 

Expedition in the Red Sea. N. Kaye. 

Rose, G.A. & Leggett, W.C. (1990) The importance of scale to predator-prey spatial 

correlations: an example of Atlantic fishes. Ecology, 71, 33-43. 

Ross, G.J.B. (1977) The taxonomy of bottlenosed dolphins Tursiops species in South 

African waters, with notes on their biology. Ann. Cape Prov. Mus. (Nat. Hist.), 

11, 1-194. 

Ross, G.J.B. (1984) The smaller cetaceans of the south east coast of southern Africa. 

Annals of the Cape Provincial Museums, Natural History, 15, 173-410. 



 

253 

Rossbach, K.A. & Herzing, D.L. (1999) Inshore and offshore bottlenose dolphin 

(Tursiops truncatus) communities distinguished by association patterns near 

Grand Bahama Island, Bahamas. Canadian Journal of Zoology, 77, 581-592. 

Rouphael, T., Abdulla, A., Marshall, N. & Ghazali, U. (2013) Do Marine Protected Areas 

in the Red Sea Afford Protection to Dugongs and Sea Turtles? Journal Biodivers 

Endangered Species, 1, 1-6. 

Rüppell, E. (1842 [1845]) Beschreibung mehrerer neuer Säugethiere, in der 

zoologischen Sammlung der Senckenbergischen naturforschenden Gesellschaft 

befindlich. . Abhandlungen aus dem Gebiet der beschreibenden 

Naturgeschichte 3, 91-196, 1 pl. 

Scheer, G. & Pillai, C.G. (1983) Report on the stony corals from the Red Sea. Zoologica, 

45, 1-231. 

Scott, M.D. & Chivers, S.J. (1990) Distribution and herd structure of bottlenose 

dolphins in the eastern tropical Pacific Ocean. Leatherwood, S. & Reeves, R.R. 

(eds.). The Bottlenose Dolphin, San Diego, Academic Press. 

Scott, M.D., Wells, R.S. & Irvine, A.B. (1990) A Long-Term Study of Bottlenose Dolphins 

on the West Coast of Florida 11. 1990 Academic Press, Inc. , San Diego, CA. 

Sea Around Us Project (July 2014) Large marine Ecosystems. Retrieved from: 

www.seaarounds.org, 

Searight, S. (2003) The Charting of the Red Sea. History Today, 53, 1-2. 

Sears, R., Williamson, J.M., Wenzel, F.W., Bérubé, M., Gendron, D. & Jones, P. (1990) 

Photographic identification of the blue whale (Balaenoptera musculus) in the 

Gulf of St. Lawrence, Canada. Report of the International Whaling Commission, 

12, 335-342. 

Seber, G.A.F. (1982) The estimation of animal abundance. Griffin, London. 

Senigaglia, V., Bejder, L., Christiansen, F., Gendron, D., Lundquist, D., Noren, D., 

Schaffar, A., Smith, J.C., Williams, R. & Lusseau, D. (2012) Meta-analyses of 

whalewatching impact studies: differences and similarities in disturbance 

responses among species. International Whaling Commission, SC/64/WW6, 1-

23. 

Shane, S.H. (1990) Behavior and ecology of the bottlenose dolphin at Sanibel Island, 

Florida. 1990 Academic Press, Inc. , San Diego, CA. 

Shane, S.H. (1995) Relationship between pilot whales and Risso's dolphins at Santa 

Catalina Island, California, USA. Marine Ecology Progress Series, 123, 5-11. 

Sharir, Y., Kerem, D., Gol'din, P. & Spanier, E. (2011) Small size in the common 

bottlenose dolphin-Tursiops truncatus in the eastern Mediterranean: a possible 

case of Levantine nanism. Marine Ecology Progress Series, 438, 241-251. 

Shaw-Smith, P. (02 October 2014) New Suez Canal to nearly double capacity. Available 

at: (accessed http://www.seatrade-global.com/news/middle-east-africa/new-

suez-canal-to-nearly-double-capacity.html).  

Sheppard, C., Price, A. & Roberts, C. (1992) Marine ecology of the Arabian region, 

Academic Press, Inc. 

Sherratt, S. & Sherratt, A. (1993) The growth of the Mediterranean economy in the 

early first millennium BC. World Archaeology, 24, 361-378. 



 

254 

Shirakihara, M., Shirakihara, K., Tomonaga, J. & Takatsuki, M. (2002) A resident 

population of Indo-Pacific bottlenose dolphins (Tursiops aduncus) in Amakusa, 

western Wyushu, Japan. Marine Mammal Science, 18, 30-41. 

Silva, F.J. & Silva Jr, J.M. (2009) Circadian and seasonal rhythms in the behavior of 

spinner dolphins (Stenella longirostris). Marine Mammal Science, 25, 176-186. 

Silva Jr, J.M., Silva, F.J.L. & Sazima, I. (2005) Rest, nurture, sex, release, and play: 

diurnal underwater behaviour of the spinner dolphin at Fernando de Noronha 

Archipelago, SW Atlantic. Journal of Ichthyology and Aquatic Biology, 9, 161-

176. 

Silva, M.A., Magalhães, S., Prieto, R., Santos, R.S. & Hammond, P.S. (2009) Estimating 

survival and abundance in a bottlenose dolphin population taking into account 

transience and temporary emigration. Marine Ecology Progress Series, 392, 

263-276. 

Silva, M.A., Prieto, R., Magalhães, S., Seabra, M.I., Santos, R.S. & Hammond, P.S. (2008) 

Ranging patterns of bottlenose dolphins living in oceanic waters: implications 

for population structure. Marine Biology, 156, 179-192. 

Simões-Lopes, P.C. & Fabian, M.E. (1999) Residence patterns and site fidelity in 

bottlenose dolphins, Tursiops truncatus (Montagu)(Cetacea, Delphinidae) off 

Southern Brazil. Revista brasileira de Zoologia, 16, 1017-1024. 

Slijper, E.J. & Pomerans, A. (1962) Whales. Hutchinson London. 

Small, J.A. & Small, G.J. (1991) Cetacean observations from the Somali democratic 

republic, September 1985 through May 1987. United Nations Environment 

Program, Marine Mammal Technical Report, 3, 179-210. 

Smeenk, C., Addink, M.J., Van den Berg, A.B., Bosman, C.A.W. & Cadee, G.C. (1996) 

Sightings of Delphinus cf. tropicalis van Bree, 1971 in the Red Sea. Bonner 

zoologische Beitrage, 46, 389-398. 

Smith, B., Braulik, G., Strindberg, S., Mansur, R., Diyan, M. & Ahmed, B. (2009) Habitat 

selection of freshwater-dependent cetaceans and the potential effects of 

declining freshwater flows and sea-level rise in waterways of the Sundarbans 

mangrove forest, Bangladesh. Aquatic Conservation: Marine and Freshwater 

Ecosystems, 19, 209-225. 

Smith, H.C., Pollock, K., Waples, K., Bradley, S. & Bejder, L. (2013) Use of the robust 

design to estimate seasonal abundance and demographic parameters of a 

coastal bottlenose dolphin (Tursiops aduncus) population. PloS One, 8, e76574. 

Speakman, T.R., Lane, S.M., Schwacke, L.H., Fair, P.A. & Zolman, E.S. (2010) Mark-

recapture estimates of seasonal abundance and survivorship for bottlenose 

dolphins (Tursiops truncatus) near Charleston, South Carolina, USA. Journal of 

Cetacean Research and Management, 11, 153-162. 

Stensland, E., Carlén, I., Särnblad, A., Bignert, A. & Berggren, P. (2006) Population size, 

distribution, and behavior of Indo-Pacific Bottlenose (Tursiops aduncus) and 

Humpback (Sousa chinensis) dolphins off the south coast of Zanzibar. Marine 

mammal science, 22, 667-682. 

Stevick, P.T., Allen, J., Clapham, P.J., Friday, N., Katona, S.K., Larsen, F., Lien, J., Mattila, 

D.K., Palsbøll, P.J. & Sigurjónsson, J. (2003) North Atlantic humpback whale 



 

255 

abundance and rate of increase four decades after protection from whaling. 

Marine Ecology Progress Series, 258, 263-273. 

Strindberg, S. (2001) Optimized Automated Survey Design in Wildlife Population 

Assessment. . Thesis Submitted for the Degree of PhD at the University of St 

Andrews, St Andrews. 

Strindberg, S. & Buckland, S.T. (2004) Zigzag survey designs in line transect sampling. 

Journal of Agricultural, Biological, and Environmental Statistics, 9, 443-461. 

Suez Canal Authority (2009) Suez Canal. Retrived from http://www.suezcanal.gov.eg, 

Taylor, B.L., Chivers, S.J., Larese, J. & Perrin, W.F. (2007) Generation length and percent 

mature estimates for IUCN assessments of cetaceans. Southwest Fisheries 

Science Center, Administrative Report LJ-07-01, 1-24. 

Thomas, L., Buckland, S.T., Burnham, K.P., Anderson, D.R., Laake, J.L., Borchers, D.L. & 

Strindberg, S. (2002) Distance sampling. Encyclopedia of environmetrics. 

Thomas, L., Buckland, S.T., Rexstad, E.A., Laake, J.L., Strindberg, S., Hedley, S.L., Bishop, 

J.R., Marques, T.A. & Burnham, K.P. (2010) Distance software: design and 

analysis of distance sampling surveys for estimating population size. Journal of 

Applied Ecology, 47, 5-14. 

Thomas, L., Laake, J.L., Rexstad, E., Strindberg, S., Marques, F.F.C., Buckland, S.T., 

Borchers, D.L., Anderson, D.R., Burnham, K.P., Burt, M.L., Hedley, S.L., Pollard, 

J.H., Bishop, J.R.B. & Marques, T.A. (2006) Distance 6.0. Release 4. Research 

Unit for Wildlife Population Assessment, University of St Andrews, UK. 

Available from: www. ruwpa.st-and.ac.uk/distance.  

Tissot, B.N., Walsh, W.J. & Hixon, M.A. (2009) Hawaiian Islands marine ecosystem case 

study: Ecosystem-and community-based management in Hawaii. Coastal 

Management, 37, 255-273. 

Torres, L.G., Read, A.J. & Halpin, P. (2008) Fine-scale habitat modeling of a top marine 

predator: do prey data improve predictive capacity. Ecological Applications, 18, 

1702-1717. 

UNEP-PERSGA (1997) Assessment of Land-based Sources and Activities Affecting the 

Marine Environment in the Red Sea and Gulf of Aden. In: UNEP Regional Seas 

Reports and Studies. No. 166, 1-62 

Ver Hoef, J.M. & Boveng, P.L. (2007) Quasi-poisson vs. Negative binomial regression: 

how should we model overdispersed count data? Ecology, 88, 2766–2772. 

Wade, P.R. (1993) Estimation of historical population size of the eastern spinner 

dolphin(Stenella longirostris orientalis). Fishery Bulletin, 91, 775-787. 

Wade, P.R. & Gerrodette, T. (1992) Estimates of cetacean abundance and distribution 

in the eastern tropical Pacific: Preliminary analysis of five years of data. Report 

of the International Whaling Commission, 42, 477-493. 

Wade, P.R. & Gerrodette, T. (1993) Estimates of cetacean abundance and distribution 

in the eastern tropical Pacific. Report of the International Whaling Commission, 

43, 477-493. 

Wade, P.R., Reilly, S.B. & Gerrodette, T. (2002) Assessment of the population dynamics 

of the northeastern offshore spotted and the eastern spinner dolphin 

populations through 2002. Southwest Fishery Science center, 13, 1-58. 



 

256 

Wang, J.Y. & Yang, S.C. (2009) Indo-Pacific bottlenose dolphin, Tursiops aduncus. 

Perrin, W.F., Wursig, B., Thewissen, J.G.M. (Eds.), Encyclopedia of Marine 

Mammals. Academic Press, New York, 602-608. 

Wedekin, L.L., Daura-Jorge, F.G. & Simões-Lopes, P.C. (2004) An aggressive interaction 

between bottlenose dolphins (Tursiops truncatus) and estuarine dolphins 

(Sotalia guianensis) in southern Brazil. Aquatic Mammals, 30, 391-397. 

Weir, C.R., Macleod, C.D. & Calderan, S.V. (2009) Fine-scale habitat selection by white-

beaked and common dolphins in the Minch (Scotland, UK): evidence for 

interspecific competition or coexistence? Journal of the Marine Biological 

Association of the United Kingdom, 89, 951. 

Weitkowitz, W. (1992) Sightings of whales and dolphins in the Middle East (Cetacea). 

Zoology in the Middle East, 6, 5-12. 

Wells, R.S. (2003) Dolphin social complexity: lessons from long-term study and life 

history. 

Wells, R.S. (2014) Social Structure and Life History of Bottlenose Dolphins Near 

Sarasota Bay, Florida: Insights from Four Decades and Five Generations. 

Primates and Cetaceans, Springer, 149-172. 

Wells, R.S. & Scott, M.D. (1990) Estimating bottlenose dolphin population parameters 

from individual identification and capture-release techniques. Individual 

Recognition of Cetaceans: Use of Photo-Identification and Other Techniques to 

Estimate Population Parameters. Rep. int. Whal. Commn., Special, SC/A88/P23, 

407-415. 

Wells, R.S. & Scott, M.D. (1999) Bottlenose dolphin Tursiops truncatus (Montagu, 

1821). Handbook of marine mammals, pp. 137-182. 

Wells, R.S. & Scott, M.D. (2002) Bottlenose dolphins, Tursiops truncatus and T. 

aduncus. Perrin, W.F., Wursig, B., Thewissen, J.G.M. (Eds.), Encyclopedia of 

Marine Mammals. Academic Press, New York, pp. 122–129. 

Wells, R.S., Scott, M.D. & Irvine, A.B. (1987) The social structure of free-ranging 

bottlenose dolphins. Current mammalogy, pp. 247-305, Springer. 

Wells, R.S., Rhinehart, H.L., Hansen, L.J., Sweeney, J.C., Townsend, F.I., Stone, R., 

Casper, D.R., Scott, M.D., Hohn, A.A. & Rowles, T.K. (2004) Bottlenose dolphins 

as marine ecosystem sentinels: developing a health monitoring system. 

EcoHealth, 1, 246-254. 

White, G.C. & Burnham, K.P. (1999) Program MARK: survival estimation from 

populations of marked animals. Bird study, 46, S120-S139. 

Whitehead, H., O'Brien, K. & Worm, B. (2010) Diversity of deep-water cetaceans and 

primary productivity. Marine Ecology Progress Series, 408, 1-5. 

Wikipedia contributors (6 July, 2014) European and American voyages of scientific 

exploration. Wikipedia, The Free Encyclopedia. , Permanent link: 

en.wikipedia.org/w/index.php?title=European_and_American_voyages_of_sc

ientific_exploration&oldid=615796260 

Wikipedia contributors (14 May, 2014) Debt-for-nature swap Wikipedia, The Free 

Encyclopedia. , Permanent link: 

http://en.wikipedia.org/w/index.php?title=Debt-for-

nature_swap&oldid=608474827 



 

257 

Wikipedia contributors (19 August 2014) Egyptian law. Wikipedia, The Free 

Encyclopedia. , Permanent link: 

http://en.wikipedia.org/w/index.php?title=Category:Egyptian_law&oldid=62

1873178 

Williams, J.A., Dawson, S.M. & Slooten, E. (1993) The abundance and distribution of 

bottlenosed dolphins (Tursiops truncatus) in Doubtful Sound, New Zealand. 

Canadian Journal of Zoology, 71, 2080-2088. 

Williams, R., Hedley, S.L. & Hammond, P.S. (2006) Modeling distribution and 

abundance of Antarctic baleen whales using ships of opportunity. Ecology and 

Society, 11, 1-28. 

Williams, R., Ashe, E. & O’Hara, P.D. (2011) Marine mammals and debris in coastal 

waters of British Columbia, Canada. Marine pollution bulletin, 62, 1303-1316. 

Williams, R., Leaper, R., Zerbini, A.N. & Hammond, P.S. (2007) Methods for 

investigating measurement error in cetacean line-transect surveys. Journal of 

the Marine Biological Association of the United Kingdom, 87, 313-320. 

Wilson, B., Hammond, P.S. & Thompson, P.M. (1999) Estimating size and assessing 

trends in a coastal bottlenose dolphin population. Ecological applications, 9, 

288-300. 

Wilson, B., Reid, R.J., Grellier, K., Thompson, P.M. & Hammond, P.S. (2004) Considering 

the temporal when managing the spatial: a population range expansion 

impacts protected areas-based management for bottlenose dolphins. Animal 

Conservation, 7, 331-338. 

Wilson, B.E.N., Thompson, P.M. & Hammond, P.S. (1997) Habitat use by bottlenose 

dolphins: seasonal distribution and stratified movement patterns in the Moray 

Firth, Scotland. Journal of Applied Ecology, 1365-1374. 

Wiszniewski, J., Beheregaray, L.B., Allen, S.J. & Möller, L.M. (2010) Environmental and 

social influences on the genetic structure of bottlenose dolphins (Tursiops 

aduncus) in Southeastern Australia. Conservation Genetics, 11, 1405-1419. 

Wood, S.N. (2001) mgcv: GAMs and generalized ridge regression for R. R news, 1, 20-

25. 

Wood, S.N. (2006) Generalized Additive Models: An Introduction with R. . Chapman & 

Hall/CRC. Taylor & Francis Group. Boca Raton, Fl., 1-391. 

Wursig, B. & Jefferson, T.A. (1990) Methods of photo-identification for small 

cetaceans. Report of the International Whaling Commission, 42-43. 

Wursig, B.G., Jefferson, T.A. & Schmidly, D.J. (2000) Marine mammals of the Gulf of 

Mexico. In, Texas A&M, Univ. Press, Vol. 232. 

Würtz, M., Poggi, R. & Clarke, M.R. (1992) Cephalopods from the stomachs of a Risso's 

dolphin (Grampus griseus) from the Mediterranean. Journal of the Marine 

Biological Association of the United Kingdom, 72, 861-867. 

Zerbini, A.N., Waite, J.M., Laake, J.L. & Wade, P.R. (2006) Abundance, trends and 

distribution of baleen whales off Western Alaska and the central Aleutian 

Islands. Deep Sea Research Part I: Oceanographic Research Papers, 53, 1772-

1790. 

Ziltener, A. & Kreicker, S. (2013) Self-rubbing behaviour on gorgonians (Rumphella 

aggregata) in Indo-Pacific bottlenose dolphins (Tursiops aduncus) off 



 

258 

Hurghada, Northern Red Sea, Egypt. In: Poster presented at the  26th 

Conference of the Europen Cetacean Society, Setubal, Portugal, 2013., p. 1 

Zuur, A., Ieno, E.N., Walker, N., Saveliev, A.A. & Smith, G.M. (2009) Mixed effects 

models and extensions in ecology with R, Springer. 



 

259 

Appendix 1– Species identification 

Eight species of cetaceans were encountered during this study: S. longirostris, S. 

attenuata, T. truncatus, T. aduncus, G. griseus, P. crassidens, S. plumbea, and B. edeni. 

The species identification was made by eye and was considered certain if at least two 

experienced researchers agreed about the species. In the 70% of the encounters, 

pictures were also available to confirm the species. The main problem in the field was 

the identification between the T. truncatus and T. aduncus. The features used in the 

identification are summarized in the table below: 

 

Characteristic T. truncatus T. aduncus 

Body size about 4m about 2.3 m 

Spot on the belly no yes 

Melon-rostrum smooth presence of a  step 

Head shape stocky/burly spindle-shaped 

Pectoral fins long and slender short and large 

 

 

For each species a species-id card was used with the representation of the most useful 

features for species identification. The drawings were made by Massimo Demma 

based on pictures collected in the field.  
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Appendix 2 – Age Class Division  

Age classes were considered only for the five target species (S. longirostris, S. P. 

crassidens attenuata, T. truncatus, T. aduncus, and G. griseus) plus P. crassidens. Age 

Class was based on the comparison between different body lengths among individuals 

in the group, taking the adults (the larger individuals) as unit of measurement. Four 

categories were present: 

 

Age class 
Length Vs. adult 

body length 
Anatomical features Behaviour 

Considered 

for 

Newborn Less than half 
Foetal crests  

folded dorsal fin. 

Associated with the mother 

and clumsy swimming. 
all species 

Calf About half 
Large head relatively 

to the body 

Often associated with the 

mother  
all species 

Juvenile Three quarter 
Slender body than 

adults 

Sometime associated with 

the mother 

Tursiops spp.  

G. griseus 

P. crassidens 

Adult 

Stenella spp. ~2m 

T. aduncus ~2.3m 

T. truncatus and G. 

griseus ~4m 

  all species 

 

Juveniles were recognizable only for Tursiops spp. and G. griseus.  
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Appendix 3 – Dorsal fin distinctiveness 

Individual distinctiveness was bases on the amount of information present on the 

dorsal fin (notch, nick and scar, coloration and fin shape). Word definition: 

• Notch: mark or incisures of about 5 cm 

• Nick: mark or incisures of about 1 cm 

• Scar: white scars typical of G. griseus; cicatrix; a mark remaining after the healing of 

a wound or other morbid process or any visible manifestation of an earlier event 

 

Category Definition Example notches/nicks Example scars 

D1 

Identified by a large 

mutilation (three 

quarter or half) of 

the dorsal fin or by 

the presence of 

more than 5 large 

scars (>10cm)  

 

D2 

Identified by more 

notches or by one 

notch and several 

(>3) nicks or by the 

presence of 3 to 

five large scars 
 

 

D3 

Identified by the 

presence of several 

nicks (>2) or by the 

presence of 1-2 

large scars 
 

 

 

unmarked Fin generally clean or with less than three nicks and no scars. 
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Appendix 4 – Preparation of effort data 

Navigation data collected during the surveys and extracted from the Logger database 

were formatted for analyses using Microsoft Excel by the following steps: 

1. Insert a “temporal index” column  (i.e. column Q) by concatenating the fields: Date 

(yyymmdd), Route (P=positive; N=negative), Effort (Ad=Ad libitum; Tr=transect), 

Transect number (it is zero when Ad), Beaufort, Vessel (i.e. 20100607_P_Ad_0_4_1) 

2. Add a column called “Prog_Nr” with the formula “=IF(Q2=Q3,"","1"); this will add 

the number 1 whenever one the previous fields change (add 1 in the first column). 

Replace the formula with the value using “Paste Special� Paste Value 

3. Order the column Q and replace the 1s with a progressive number and re-order by 

time or using a progressive ID column purposely added before data modification 

4. Use the free add-in “Asap utilities” (www.asap-utilities.com) to fill the empty space 

between numbers using “Copy values to empty cells below filled cells in selection” 

5. Insert an index column adding the field Prog_Nr to the fields in step 1. 

6. Copy the columns latitude and longitude and rename as “End_latitude” and 

“End_longitude”. Delete the first cells of these columns as well as the last row of 

each survey day. 
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Appendix 5 – Primary production in the study area 

 

Maps showing the primary productivity [mg C m
-2

 day
-2

] (ppr) in the study area (black line) for June and 

July of each year (2010, 2011 and 2012) and, in the last column, for each year (average of June and). For 

details about the ppr see paragraph 5.2.2.3.   


