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Abstract

During long-term studies of dolphins, the numbelingfividuals in the population being studied are
constantly monitored using the technique of phdamtification. This constant monitoring makes use
of different researchers over time. Therefore, memment of photographic quality and individual
distinctiveness for photo-identification analyseaswincorporated in this dissertation to provide an
additional data set for analysis. Researchers differing levels of experiences did not obtain the
same information from the same photograph and weable to reliably quantify variables of photo
quality and individual distinctiveness, but expeded researchers were found to be more adept than
inexperienced researchers in counting notches emdinsal fin of bottlenose dolphins. These results
highlight the necessity for researchers to be é@in photo-identification techniques prior to garg

out their study. This study theodolite tracked dals off Durban from June 2004 to Feb 2005 to
assess habitat utilization of bottlenose dolphifargiops aduncysin the Durban bay region.
Dolphins were seen in all months surveyed and dirout the survey area. Temporal distribution of
dolphins was skewed with 91% of dolphins seen lgefoidday and 98% of sightings observed in
water depths less than 30m. Six behavioural caegovere recorded, including: social, fast travel,
slow travel, feeding, resting and milling. The mdsiminant behaviour exhibited by dolphins was
slow travel (46%) followed by feeding (27%). Regtimas not observed at all. Of the feeding
behaviour 88% occurred in the southern end of thevihereas other behaviours occurred randomly
throughout the survey area. Additional theodolicks were conducted during experimental boat
approaches (before, during and after boat apprexthedetermine potential short-term reactions of
dolphins to dolphin watching boats. Two speedsppieach (slow ~ < 5 km/hr and fast ~ > 40 km/hr)
and two distances of approach (20m and 80 m) vested. The bottlenose dolphin groups did not
change their behaviour in response to boat appesadhring any of the periods of experimentation.
Short-term changes in group speed, group size prehd were not statistically significant. Dolphin
groups continued with their ‘normal’ behaviour asgkent the same amount of time in the bay when
compared to their distribution and behaviour in @lsence of the experimental boat. These findings
indicate that the experimental boat did not affbet behaviour of dolphins at either a slow or fast
approach and even at a close distance. This igpieted as being as a result of habituation of the
dolphins due to their residency in a busy port.sTork is crucial in developing guidelines for the
development of a sustainable dolphin watching itrghuef Durban.
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I ntroduction

All species of whales, dolphins and porpoises kgltinthe order Cetacea. Members of this order
exhibit an extensive array of distributional rangsscial structures, foraging techniques and life
history strategies (Carwadine 1999; Reewtsal. 2003). Over 30 species of dolphins (family
Delphinidae) are found world-wide, with only a frian of these species being currently studied y an
detail e.g., dusky dolphingagenorhynchus obscuru@/Nursig & Wursig 1977; Wirsig and Harris
1990; Cipriano 1992), Hawaiian spinner dolphitgtenella longirosts (Norris et al 1994),
bottlenose dolphinsTursiopssp, (Wellset al 1987; Ballance 1990; 1992; Conner al. 1992;
Smolkeret al 1992; Peddemors 1995) and killer whal@esginus or@, (Bigget al 1990; Connoet

al. 2000). As marine mammals are exclusively aquaiificdlty in access and the inability to see
these animals are the most important limiting fexcfor understanding cetacean social structure and
behaviour. Therefore, the majority of researchensehconcentrated their efforts on documenting and

observing a few of the coastal dolphin species.

Bottlenose dol phin taxonomy

The bottlenose dolphin (Tursiops spp.) are ond@fhost commonly studied cetaceans globally. This
species is cosmopolitan and found in almost alhnseexcept at very high latitudes (Corkeron 1999;
Reevest al. 2003), yet its speciation is still under scrut{iNatoli et al. 2004; Charltoret al 2006).
However, throughout the range of bottlenose dokphiesearchers have discovered two morphological
types based on inshore-offshore partitioning (Heledt al. 1998). These two types can be separated
by blood characteristics, the offshore form contajra higher percentage of myoglobin (Duffied

al. 1983). The coastal form has been the focus att stoidies, yet there is still substantial confasio
regarding this animal as there appear to be sp&qdpulations either inhabiting enclosed bays and
estuarine waters (considered as an inshore ecoityfiese discussions), or animals in coastal open
waters (considered as a nearshore eco-type in thesession). Inshore coastal bottlenose dolphins
typically inhabit an area within the 18 meter deptimtour and often enter harbours, inlets, bays,
lagoons, estuaries and rivers (Leatherwood and €2e£983), while the nearshore coastal eco-type is
typically found in waters less than 50m deep (Raisal. 1987). Several studies have illustrated that
these coastal bottlenose dolphins have restriadatetranges (Connor and Smolker 1985; Seidl.
1990; Balance 1990; 1992; Hammond and Thompson ;1P8ddemors 1995; Defran and Weller
1999; Gubbins 2002b; Zolman 2002). The offshorenfdiowever, is less constrained in its range and
movements (Leatherwood and Reeves 1983; LeatheranddRkeeves 1988; Scott and Chivers 1990;

14
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Rossbach and Herzing 1999). Owing to their distidsuand difference in external and osteological
characters, many species and subspecies wereablgilescribed, the consequence of which has been
a long period of taxonomic uncertainty. Until rethgronly a single species of bottlenose dolphin

Tursiops truncatubas been recognised in the scientific literatuk ANCITES.

During the late 1970s, Ross (1977) presented eev@éor the existence of two specids,truncatus
andT. aduncuff South Africa on the basis of size and morphalalgcharacters, but after examining
specimens from Australia Ross and Cockcroft (12@dcluded that specimens from the two countries
should be assigned to a single spedieruncatusafter latitudinal variation was found in both east
and west coast Australian bottlenose dolphins. Tdieg suggested that a subspecie$.dfuncatus
should be considered wherein adults have ventgh@itation. However, during the late 1990's
Wang and colleagues (Waseg al. 1999; Wanget al. 2000 a, b) showed tha@t aduncuss a distinct
species fronT. truncatusn Chinese waters using genetic, osteological atereal morphology data.
This was further supported by recent phylogendtidies (Hoelzekt al. 1998; LeDucet al. 1999;
Moller and Beheregaray 2001; Kemper 2004; Nasdlial. 2004). The differences betweén
truncatusandT. aduncusre briefly summarised below:

(1) External Morphology - The rostrum length ag@pprtion of the length from the tip of the snamt t
the eye (taken perpendicular to the longitudinds ax the body) is greater if. aduncs than in T.
truncatus. Ventral spotting may also be useful istimjuishing the two species. Ventral spotting
seems to be common in mokt aduncughroughout their range (Wargs al. 2000b). Additionally,
Wang et al. (2000a) showed clear osteological separation lmtwbese two species using four
characters. The numbers of vertebrae in the twoisp@re non-overlapping at least in Chinese waters
where the two species are sympatric (Wangl. 2000a).

(2) Genetic - All recent analyses of mitochondiiNA sequences (mt DNA) support the above
characters in differentiating between the two foamsseparate species (Curry and Smith 1997; Wang
et al. 1999; Moller and Beheregaray 2001; Natetial. 2004). Hoelzekt al. (1998) also using mt
DNA found genetic separation between the two foframn South Africa, except for one specimen.
Based on the cytochrome b gene, Lel@dical (1999) suggestediursiops aduncusnay not even
belong to the genugursiopsbut the authors recommended that, until a taxoaaewision of the
subfamily Delphinidae clarifies generic namé&saduncushould be accepted as a valid species.

Therefore, at present there are two species tlmatrerognisedTursiops truncatusand Tursiops
aduncus T. truncatusoccurs in all tropical and temperate waters, idiclg bays, lagoons, estuaries,

open coasts and offshore waters (Wetlal. 1987; Bearzet al. 1997; Defran and Weller 1999; Wells
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et al. 1999; Reevest al. 2003), whileT. aduncusappears to be confined to coastal environments of
the Indo-Pacific oceans (Ross and Cockcroft 199ang¢ét al. 1999; Moéller and Beheregaray 2001;
Reevest al. 2003; Natoliet al. 2004).

Photo-identification of bottlenose dolphins

From a conservation point of view, not only is écessary to know what species is being researched,
but it is also often necessary to identify any ktsitucture within the population in question. Toén
either be done through genetic techniques, orhaability to individually identify animals and &l

their movements and distribution. The study of &c#&s’ ecology, behaviour and life history
parameters also necessitates the need to idemdifyiduals within a population (Payne 1983; Sedtt

al. 1990b; Whiteheadt al. 2000). Individual identification of the animalsidted provide insights into
their population size, migratory routes, site fijelpreferred habitat, life spans and reproductive
histories. Studies of many cetaceans took a gesgh forward with the introduction of photo-
identification techniques in the 1970's. Payne @)98vas the first to document the ability to
distinguish individual southern right whalegsyubalaena australidy comparing photographs of the
callosity patterns found on their heads. At abdw@ same time researchers of killer whales and
dolphins were investigating the use of photo-idartiion to identify individuals. Bigg (1982) found
that the distinctive saddle pattern colouration anidue shapes of fins of Killer whale3cinus orca
proved useful for the identification of specificdimiduals of this species. Wursig and colleagues
(Wirsig and Wursig 1977; Wiursig and Jefferson 198@her validated the use of photo-
identification by determining that individual b@ttiose dolphins can be identified and recognised ove
long periods of time by natural variation in pigrtegion patterns, scars and notches, nicks and tears

that occur on their dorsal fins.

Since Wiursig and colleague’s pioneering use of gfantification techniques with bottlenose
dolphins, a number of independent studies arouadvitrld have incorporated this methodology as a
tool towards gaining insights into the lives of gheanimals (Whitehead 1982; Hammond 1986;
Hammond 1990; Katona and Beard 1990; Wirsig andisi8990; Balance 1990; 1992; Bragptral.
1994; Peddemors 1995; Smolker al. 1997; Defran and Weller 1999; Shirakihazt al. 2002;
Mahomed 2003; Samuels and Bejder 2004). Using pldetatification as a tool it was determined that
individual bottlenose dolphins in Galvestone Bagxds, showed strong site fidelity with seasonal
fluctuations in habitat usage patterns (Bragieal. 1994; Maze and Wirsig 1999; Irwin and Wirsig
2004). The study also concluded that the numbeesitlent animals between 1990 and 2001 ranged
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from 28-37, though transient animals were also dotm pass through the area. In Shark Bay,
Australia, photo-identification helped in understany that several foraging techniques were unique t
only a limited number of individual bottlenose duilps at particular locations. One example included
five animals that were the only ones documentedatwy sponges and use them as a tool during
feeding (Smolkeret al. 1997). Additional studies in this area using phidentification have
recognised associations between preferred maleghwdubsequently allowed investigations into
alliance strategies that contribute to their masiigcess (Krltzeet al. 2003). Bottlenose dolphins
have also been intensively studied off the coastSafasota, Florida since the 1970's. Photo-
identification has been essential in many studfeie species in this area (Scettal. 1990a; Wells
1991; Barros and Wells 1998; Nowadaahal. 2001). One of these studies (Nowaetlal 2001) found
that boat activity caused significant changes ihadveur and physiological response in identified
individuals. This supported the need for better ag@ment plans of boating activity in the areas of
importance to the animals.

Cetacean research is often challenging as animdigce only for a brief period to breathe, limiting
the time available for researchers to sight thehis fuick glimpse may not be long enough for a
researcher to recognise the individual animal,oaltin with the aid of a camera, researchers can
photographically capture many of the dorsal finsidentify and re-identify a large number of
individual animals seen at the time. The use dfinrahimarkings on animals has many advantages, but
there are associated problems with the techniquee¥ample, variation in natural markings does not
ensure that each marked individual is regularlytwagal. This can present a problem in mark-recapture
studies, since the analytical technique is not sbhad any violations underlining the assumptiaars c
result in large errors in the final analysis (Hanmohol986; Gailey 2002). Assumption of equal
catchability can be violated in a variety of wafgp of which are: 1) capture-proneness or capture-
shyness of individuals in the field and/or 2) plysephic data gathering and analysis in the lab. The
first assumption is beyond the scope of my studyhotographic database analysis, the probability o
recognizing an individual is affected by the quabif the photograph and the distinctiveness of the
animal. The aim of chapter two is to identify ifdependent researchers with differing levels of
experiences obtained the same information fronsémee photograph and the objectives are:

Objective 1. to compare multiple researcher judgements of pmapddc quality.

Objective 2: to compare multiple researcher judgements of anifiséihctiveness.

Objective 3: to compare multiple researcher judgements of nobeimts on dorsal fins.
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Objective 4: to assess the suitability of non-trained reseaschelong-term identification
studies and to derive the foundation of trainingl @xperience as a prerequisite in photo-

identification analysis.

Bottlenose dol phin ecology

The best-studied bottlenose dolphins are thoseastal areas, and certain generalizations have been
made about these populations. Residence patteamstal bottlenose dolphins range from transient,
as in migratory dolphins along parts of the eastémited States (Barcet al. 1999), the open southern
California coast (Hansen 1990; Defran and Welle991Defranet al. 1999) and along the coast of
South Africa (Peddemors 1995), to the stable residemmunities reported in Sarasota Bay (Inghe
al. 1981; Wellset al. 1987; Scotet al. 1990a; Connoet al. 2000), Shark Bay (Connor and Smolker
1985; Smolkeret al. 1997) and the Adriatic Sea (Beagtial. 1997). Social ecological studies have
shown considerable variation in average group sie, fidelity, home range and the size of local
populations in different coastal habitats. This basn related to differences in predation riskdfoo
availability and dolphin foraging strategies (Shaateal. 1986; Ballance 1992; Defran and Weller
1999). In protected habitats, such as small, siallays and estuaries, bottlenose dolphins usually
associate in small groups, show a high degreeteffigielity, feed primarily on scattered prey, and
belong to relatively small local populations (Shateal. 1986; Wellset al. 1987). In less protected
habitats, such as deep bays, open coasts, andcpelaters, individuals will aggregate in larger
groups, show reduced levels of site fidelity, amdobg to larger populations (e.g. Ballance 1992;
Peddemors 1995; Defran and Weller 1999). While tédhiinformation is available on the social
organisation of offshord. truncatuspopulations, coastal populations of bdthtruncatusand T.
aduncusappear to exhibit fission-fusion grouping patterins. they associate in groups that change
frequently in size and composition (Webs al. 1987; Smolkeret al. 1992). Habitat structure and
activity patterns are reportedly the main factorffuencing group size, while group composition is
primarily based on age, sex, reproductive condiind kinship (Shanet al. 1986; Wellset al. 1987;
Duffield and Wells 1991; Smolkeat al. 1992; Connoet al. 2000; Mélleret al.2002).

Little is known about the behaviour or ranging eats of offshore dolphin populations. They are
found in large groups, incorporating up to thousand individuals, and are believed to be less
restricted in their home ranges and movements {8aodtChivers 1990; Rossbach and Herzing 1999).
Kenney (1990) reported that the offshore populatifirthe east coast of the USA ranges primarily
between 200 and 2000 m deep but Welisal. (1999) using satellite linked transmitters on two
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rehabilitated stranded dolphins showed that onticpéar dolphin (Gulliver) moved to water depths of
more than 5000 m, i.e. 300km offshore of the nerthH@aribbean islands. “Gulliver” travelled 4200
km in 47 days while the other dolphin “Rudy” cov&r2050 km in 43 days. These records expand the
range and habitat previously reported for the aifshstock of bottlenose dolphins inhabiting the
waters off the south-eastern United States andtilites the difficulties of defining offshore steck
Additionally, Wirsig (1978) reported a 600 km rotinigp for several identifiable dolphins in
Argentina. Tanaka (1987) reported that a satelideked dolphin off Japan apparently travelled 604

km in 18 days along the Kuroshio Current.

In contrast, coastal dolphins exhibit a full spestrof movements including year-round home ranges,
seasonal migrations, periodic residency and a aoatibn of occasional long range movements and
repeated local residency (Wiursig and Wirsig 19hgn8et al. 1986; Ballance 1990; Shane 1990;
Wirsig and Harris 1990; Peddemors 1995; Bestral. 1997; Boonman 1998; Shirakihatal. 2002;
Mahomed 2003). Long term residency may be strudtagea relatively permanent home range, or as a
repeated occurrence in a specific area over maarsy€&or example, the residents of several dolphin
communities along Florida’s west coast have maiethirelatively stable home ranges during more
than 25 years of observations (Waedlsal. 1987). Similarly, Connor and Smolker (1985) repdrthat
bottlenose dolphins in Western Australia frequenkedsame coastal region for over 20 years. Inrothe
areas, residency is long term but more variabldplidos seen frequently during 1974 - 1976 in Golfo
San Jose, Argentina, showed a subsequent declinieequency of occurrence, but were still
occasionally identified in the area 8 -12 yearsrlgWirsig and Harris, 1990). Similarly, Mahomed
(2003) noticed a decline in the rate of occurresiceesidents off Durban, on the South African east
coast, where only 16 individuals were re-identiffiedm an estimated resident population of 200
animals (Boonman 1998). These individuals were dotoinhabit the Durban bay region for over
17yrs (Peddemors 1995; Boonman 1998) and wereifidgeinagain 5-8 years after previous research
(Mahomed 2003).

These identified home ranges of bottlenose dolpaiasot exclusive. Along the central west coast of
Florida, communities of resident dolphins appeankabit a variety of overlapping home ranges. For
example, the home range of the Sarasota dolphitgrasses an area of about 125 km2 occupied by
approximately 120 individuals (Scat al. 1990a, Wells 1991; Barros and Wells 1998). Mosthef
activities of the residents are concentrated witthinir home ranges, but occasional movement
between ranges occurs also. The same appliesttertuste dolphins off San Luis Pass, Texas (Maze
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and Wirsig 1999), in Jervis Bay and Port Stephanstralia (Mdlleret al. 2002), and off KwaZulu-
Natal, South Africa (Peddemors 1995). Within thenkorange, habitat use varies with season, with
shallow estuarine waters frequented during the saimand coastal waters and passes used during the
winter (Wells and Scott 1999). However, behaviowynalso vary among animals within the same

area.

Other populations of bottlenose dolphins have shtmamigrate seasonally or display semi-permanent
fidelity to a particular region. In addition, motkan one type of residence pattern may occur for
different groups in the same geographic area. @esardies have documented apparent site fidelity
for bottlenose dolphins in a particular region bave also documented sightings of known individuals
at significant distances from the original studgaam which they were first identified. For exame
4-month cycle of occurrence of dolphins was obskrive Golfo San Jose, Argentina (Wirsig and
Harris 1990). In the coastal waters of Cornwall,,Wood (1998) investigated a group of bottlenose
dolphins with a seasonal residency pattern, spgntlie winter in southern Cornwall and moving
further north-eastward during spring and summesid®acy was flexible with a number of individual
dolphins using the region periodically. The dolghidtcupied a coastal extent of 650 km within which
they repeatedly made long- distance journeys (WH@@B). The longest journey recorded covered
1076 km and took 20 days. Similar observations wecently also published by other authors. Wilson
et al. (1997) reported that members of a populatio ofruncatusresident in the Moray Firth off
north-eastern Scotland were seen in all monthshef ytear, but there were consistent seasonal
fluctuations in the number of individuals presésiimbers were low in winter and spring and peaked
in summer and autumn. Individuals exhibited rapidvements across the population's range. For
instance, one individual was sighted at locatio® km apart within a 5-day period. Boat-based
photo-identification surveys of bottlenose dolphinsthree separate coastal study areas within the
Southern California Bight (Santa Barbara, Orangen®g and Ensenada (Mexico)) showed that a
high proportion of dolphins photographed in Sanwrtra (88%), Orange County (92%), and
Ensenada (88%) were also photographed in San Didgfoanet al. 1999). Fifty- eight percent of this
population repeatedly moved between study areasvispono evidence of site fidelity to any
particular area. Three dolphins travelled togefr@m Esenada to Santa Barbara which lies 470km
north. Defranet al. (1999) suggested that these long range back-athl-foovements within the
Southern California Bight are presumably influenbgdhe distribution of food resources.
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By and large, the complexity of a habitat and th@olgical requirements of a species interact to
influence the size of an animal’s home range, ibistional patterns and habitat use (McNab 1963).
The abundance, distribution and availability ofoeges within the habitat determines the size of an
area which will satisfy the energy requirementamfanimal. In Chapter 3, the aim is to document the
distribution and habitat use patterns of bottlendaphins,T. aduncusoff Durban, KwaZulu-Natal,
South Africa. This coastline is an open and fubkp@sed nearshore habitat which is quite dissimilar
from regions where most long-term studies on thec&s have been conducted. Hence, the objectives
of this study are:

Objective 1: to document the activity budget of undisturbed (mal behaviour’) bottlenose

dolphins off Durban.

Objective 2. to provide the opportunity to further evaluate tinluence of habitat on

bottlenose dolphin behaviour.

Objective 3: to provide baseline data for future comparisonseodolphin-watching is

established.

Dolphin tourism

Wildlife tourism has experienced a rapid world-wiglewth in recent years with no exception to the
marine environment. Numerous commercial dolphin arddhle watching ventures are appearing
around the world, often evolving from an industfydldlife viewing in aquaria to viewing animals in
their natural environment from shore, sea or aioytH2001). The dramatic rise in popularity of
cetacean tourism has also created a market faaaiiee experiences such as dolphin feeding (Connor
and Smolker 1985; Corkerogst al 1990; Bryant 1994; Orams 1994; Wilson 1994; Sdsmaad
Bejder 2004) and dolphin swimming programmes (Duskiiet al. 1995; Samuels and Spradlin 1995;
Constantine and Baker 1997; Constantine 2001; Bejdé Dawson 2001; Samuels and Bejder 2004;
Valentineet al 2004). The economic benefits of such growth atersive. However, the impacts on
wildlife can often be disturbing causing appardmnges in behavioural and social ecology leading to

reduced fitness and higher levels of mortality (®ejand Samuels 2003).

The issue of feed-the-dolphin programs receivedsicenable attention in the USA (Texas, Florida
and South Carolina) and Australia (Monkey Mia, Bamyband Tangalooma). All these areas have a
history of human/dolphin interactions which havevdilwed uncontrolled feeding of bottlenose
dolphins (Corkeroret al 1990; Orams 1994; Bryant 1994). In the USA indiidl dolphins have
become dependent on hand-outs from humans anddvibmg for fish and often show aggressive
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behaviour towards humans if not given any food éBity1994), and on occasion, when not fed, they
would apparently not resume hunting for themsebrms suffered malnutrition (Constantine 1999). In
Australia, Oramst al (1996) observed “pushy” behaviour at people l&ydblphins when receiving
fish from tourists. Research by Maahal (2000) found the survival rate of calves of noovisioned
mothers to be higher than provisioned femaless thought that the young dolphins of provisioned
females did not learn to forage properly and thet mothers invested less time in their offspring,
including protecting them from predators. This pldhe offspring of provisioned females more at
risk than the offspring of non-provisioned dolphiBsyant (1994) concluded: “Feeding wild dolphins
alter their natural behaviour and poses risks ¢oathimals by changing their habitat use, calf negri
abilities and loss of wariness to humans.” For elamSamuels and Bejder (2004) documented
dramatic changes in behaviour and ranging pattefrss juvenile dolphin near Panama City Beach,
Florida. This individual was observed to interadgthrvhumans including swimmers during 74% of
observations, was fed by humans at least once qar, land had dangerous encounters involving
humans or vessels once per 12 minutes. Howevecputd not be determined whether these

behavioural differences were due to food provisignfrequent in-water encounters or both.

“Swim-with” tourism in which humans interact withefe-ranging whales and dolphins by entering the
water, are another popular form of cetacean-bamaristn. This activity targets at least 20 species o
cetaceans world-wide and new programmes are itian a regular basis (Hoyt 2001). In a few
locations, swim-with activities occur either astpafrcommercial dive tours (e.g. Great Barrier Reef
Australia), or swimmers try to swim with provisiahéolphins after feeding sessions (e.g. Monkey
Mia, Australia; Panama City Beach, Florida), or whemsual swimmers have easy access from the
shore (e.g. Porpoise Bay, New Zealand; KealakeBay Hawaii). In some boat-based programmes,
tourists are permitted to swim freely in proximitycetaceans (e.g. Bay of Islands and Kaikoura, New
Zealand). At other locations operators use varimaeshods to approach the animals, these include;
holding onto a motorised underwater scooter (e.gckikgham and Port Phillip Bay, Australia)
grasping onto ‘mermaid lines’ (e.g. Great BarrieseRand Port Phillip Bay, Australia), or sitting in
‘boom nets’ (e.g. Bay of Islands, New Zealand apnd Btephens Bay, Australia) that are towed by
boats.

In a bench-mark study, Constantine (2001) investijahe responses of wild, non-provisioned

bottlenose dolphins to swim attempts from commetoiar boats in the Bay of Islands. The responses
of the dolphins were influenced by the method ofinswer placement. Of the three swimmer
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placements, ‘line abreast’ was the only one to shodecrease in avoidance response and it was
suggested that this placement gives the dolphieschvice to approach and maintain their current
behaviour and that it does not force uninterest#ghins to engage in an interaction with swimmers.
The ‘around boat’ placement resulted in a significancrease in avoidance and a corresponding
decrease in interactions over time, while the ‘athp placement had the highest rate of avoidance
response because these placements only offeratblibleins two choices, stay and interact or change
behaviour to avoid swimmers. When an interacticcuoed, juveniles interacted more with swimmers
than any other age group. This was interpretedasaztivity which is important in the development
of young mammals. Impacts of swimming with cetasehave also included aggression towards
humans (Shanet al 1993), avoidance of swimmers in the short-terraj@Bret al. 1999), physical
abuse, disruption of behaviour and risk of injuBauelset al 2003; Samuels and Bejder 2004) and
even the displacement of a population from théticad habitats (Forest 1998; Allen and Read 2000;
Spradlinet al. 2001). Apart from the impacts of human interact@mn dolphins, humans are also
placed at risk to injury when entering the wateorf@or and Smolker 1985; Lockyer 1990; Santos
1995). As such, this activity has been banned imt@s including Argentina, Brazil, Mexico, Spain
and South Africa (Marsht al.2003).

The most prevalent branch of cetacean-based tousisewing cetaceans from land, aircraft or boat
platforms. Land-based cetacean watching does natecany impact on cetaceans and there are no
quantitative studies that relate the effects afraft on cetacean populations. However, severdiesu
have shown that frequent interactions with boatsulted in short-term negative responses.
Disturbance from boats may be considered from abeurof different aspects. Examples of stimuli
from boats which may be disturbing include: A buadtich is too close or in danger of striking an
animal, active pursuit or circling of animals, irieging with feeding or other activities, and vdsse
noise (Salvadeet al 1992; David 2002; Buckstaff 2004). For dolphirspense, boat disturbance
include changes in: surfacing, ventilation and diagterns (Janik and Thompson 1996; Nowaskek
al. 2001; Lusseu 2003; Lemart al 2006), swim speed, course and orientation (Begtled. 1999;
Williams et al 2002; Bejder 2005; Lemagt al. 2006), group dispersion/cohesion (Bejdeal 1999;
Nowaceket al 2001; Bejder 2005), behavioural states/activitgdets (Constantine and Baker 1997,
Samuels and Bejder 2004; Lusseu 2003; Bejder 2@0%8)ranging patterns and habitat use (Allen and
Read 2000; Samuels and Bejder 2004; Begtiat 2006).
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Land-based observations of bottlenose dolphindhénMoray Firth, Scotland showed a significant
increase in the number of surfacings by dolphineraf boat had encountered them (Janik and
Thompson 1996). In contrast, there was no signifiedfect of a research vessel on diving pattemns i
Doubtful Sound, New Zealand (Lusseu 2003). It wesumed that the dolphins were habituated given
the boat had been used for eight years in commiaricguidelines, whereby all interactions with
dolphins were terminated at any sign of avoidari@ensequently, there was a possibility that the
dolphins did not associate the presence of therelsédoat with any potential danger. Lusseu (2003)
unexpectedly identified that males and females $tamtter dive intervals during winter, possibly
reflecting the harsher environmental conditiongy.(ecolder temperatures and decrease in prey
availability). Additionally, males exhibited vertit avoidance earlier than females and females
exhibited shorter dive intervals compared to maléss contradicted results by Nowaostkal (2001)
who showed no breathing discrepancy between thesseatbeit in a warmer environment. These
results highlight how dolphin groups may react etiéhtly depending on their location, previous
experience and/or environmental conditions. Reastio boats may also be related to the dolphins’
surface behaviour at the time of the approach; mag differ between populations (Samuels and
Bejder 2004; Bejder 2005). Shane (1990a) demossittaat bottlenose dolphins in Florida exposed to
boats change their behaviour less when dolphing w&etively socializing. By contrast, Constantine
and Baker (1997) showed that bottlenose dolphinldeéw Zealand were more prone to disturbance

while socializing, but less likely during foraging.

There are concerns over impacts of this growingistry on both the animals (Beach & Weinrich
1989; Blane and Jaakson 1995; Corkeron 1995; Quirsta& Baker 1997) and tourists (Orams 1995,
Oramset al. 1996). In order to minimise these impacts, managesteategies have been developed in
several parts of the world. In South Africa, the98 Marine Living Resources Act was passed to
protect all marine mammals in South African wate8sibsequently, in 2006 the Marine Living
Resources Regulations were drafted to provide @ssef guidelines for issuing permits and for
regulating human behaviour around marine mammalgiekier, only minimum approach distances
have been stipulated without regulating the nuntdfdsoats allowed near marine mammals and the
speed of those vessels.

The understanding of the vulnerability and respsrgenarine mammals to boat disturbance is yet in

its infancy. More often than not, regulations anddglines have been based on evidence that is
anecdotal, scientific but insufficient, or entirelgcking (Bejder and Samuels 2003). Therefore,
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Chapter 4 aims at investigating short-term respp$dottienose dolphing. aduncugo controlled
boat approaches off Durban and the objectives are:
Objective 1: to asseshort-term effects of a boat on the behaviour dfiémose dolphins off
Durban.
Objective 2. to compare their behavioural responses during bpatoaches to ‘normal’
behaviour (Chapter 3).
Objective 3: to asseshort-term effects of a boat on bottlenose dolgtahitat utilisation of
the Durban bay.
Objective 4: to formulate guidelines for the boat-based dolptdtiching industry.
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Chapter 2
M easur ement of photographic quality and individual distinctiveness for photo-

identification analyses: An inter-observer test.
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I ntroduction

Identification of animals from natural markings @ important tool for the study of animal
populations and is widely applied to diverse teBeetagnolleet al. 1994; Kelly 2001). This technique
has many advantages over the capture and placeshattificial tags, brands, implants or other
objects on free-ranging animals (Wirsig and Wut€lig7; Hammonebt al. 1990). Animals no longer
need to be physically captured and the behaviothreofinimal is therefore less likely to be affedigd
the experiment (Hammond 1986). This technique dividually identifying animals is common in
studies of marine mammals, particularly cetace@wmioret al. 2000). Capture-recapture studies
using naturally marked animals are suitable fodyhyg cetaceans because they are long-lived, fast
moving animals that are encountered briefly atsindace. Extensive application of this technique to
cetaceans has considerably increased our knowlafdgepulation parameters, movement, behaviour,
abundance and social structure in many populat{gviérsig and Wursig 1977; Whitehed®82;
Hammond 1986; Hammond 1990; Katona and Beard, 1898@5sig and Harris 1990; Wiirsig and
Jefferson, 1990; Ballance 1990; 1992; Bragegeal. 1994; Peddemors 1995; Smollketral. 1997;
Defran and Weller 1999; Shirakihagtal.2002; Mahomed 2003).

For dolphins, these brief surface encounters agd tesphotographically “capture” naturally occugrin
features on dorsal fins to recognise individuala population. This photo-identification technichaes
become a primary methodology for cetacean studigha past few decades (Chapter 1). Although
information acquired from photo-identification ixteemely valuable, data processing is labour
intensive, physically fatiguing and subject to hunmerror (Katona and Beard 1990). For photo-
identification of whales many computational progra@s have been developed for their tail flukes, for
example, humpback whales (Mizroehal. 1990) and sperm whales (Whitehead 1990). Only tgcen
has a computational program nantddscan(Hillman et al. 2002) for bottlenose dolphin dorsal fins
been developed. It makes the processing time netedildntify individual dolphins more efficient.
The program distinguishes distinct identifiable kiags along the trailing edge of dorsal fin imagés
photographs collected in the field and it additibnhas the potential to give access to large detab
around the world to match individuals in variousdtions (Gailey 2001). Although one can use either
manual or computational methods to identify theiviaial animal, the quality of the photographs
used as acceptable samples and the distinctivefid¢se animals sampled can affect the accuracy of

results.
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To evaluate the accuracy of photo-identificationaddhe effects of photo quality and individual
distinctiveness must be determined. As the qualitphotographs decrease, it becomes increasingly
difficult to match new photographs of individuals previously identified animals, resulting in an
increase in the probability of known individualsirime erroneously identified as new animals. Such
errors in identification in abundance studies casitjvely bias estimates (Hammond 1986; Reghl.
1990). In addition, if dolphins vary in their disttiveness, using poor quality photographs canterea
unequal probabilities of re-identification becauke probability of matching animals from poor
quality photographs may be greater for more disitiaaddolphins. By determining an acceptable level
of photographic quality for a photo to be consideaesampling event, errors in the matching process
(due to poor quality photographs) can be reduckd.North Atlantic Humpback Whale catalogue has
developed procedures for photo quality and indigiddistinctiveness analyses (Katona and Beard
1990; Fridayet al.2000), but this is lacking for most other multi-usatalogues.

Many studies on specific cetacean populations areied out over decades (Chapter 1). Photo-
identification is consistently carried out withihelse studies, thus allowing several researchers at
different times to match animals or add to the texgs catalogue. The accuracy of identifying
individuals may be affected during this multi-upeocess, not only due to photo quality or individua
distinctiveness but also through the complexityhef human visual system.

The purpose of this study was to determine theedegrf observer reliability in processing photo-
identification data between experienced and ineé&peed researchers. Inter-observer reliabilitystest
are a vital part of judgment-based research, sachehdaviour and individual identification (Lehner
1996). To reliably identify individuals by subtlataral markings, a degree of learned experiences is
necessary (Mahomed 2003). Gailey (2001) statedatidity tests are a form of validity of one’s
research. However, validity and reliability are maerchangeable terms. Validity (i.e. accuracgite
compare results to the known truth, and reliabilite. precision) evaluates the consistence of
judgments in the absence of the truth. Judgmemtsbeaprecise without necessarily being accurate,
but cannot be accurate without being precise.”eirms of individual identification using natural
markings, the true identity of the individual isthmown. Therefore, an evaluation is needed of the
reproducibility of one’s judgments based on thegaesented. The requirement of inter-observes test
is logical to show that different people can agreehe judgments, upon which the research is based
(Carletta 1996). For example, if two experiencedenbers used the same set of data for their study
and obtained two different results, then the resaftboth studies are subjected to doubt (Bateson
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1977). A more practical example would be that tesearch studies are conducted in the same study
area at different times. Discrepancies in resudisicc be recognised as differences between the two
observers. However, if both studies demonstratettiedr judgments were reliable, then the question
of inter-observer variation can be eliminated, tharesults can be explained by other factors, asch
environmental change (Gailey 2001). In other woidgr-observer reliability tests are simply the

elimination of the possibility that research resualte affected by differences between observers.

Lorenz (1935, reviewed in Gailey 2001) recognideat the greatest source of error in behavioural
research was between observers’ perception of dhee ghing. Despite numerous suggestions that
observers’ reliability should be tested periodiggfior example, Martin and Bateson 1993; Lehner
1996; Fridayet al. 2000), relatively few studies report observer tsligy. In fact, Mann (1999)
reported that out of seventy-four cetacean studieiewed, none demonstrated the reliability of thei
judgments. This is probably due to the practicdfiadiity of having two experienced observers
recording the same behaviour at the same time (N@@®). As Bateson (1977) states, “Failure in
such a test does not necessarily detract fromaheevof a field study in which an observer claims t
have identified individual animals. However, if thbserver is successful in the test, even the most
skeptical armchair critic must surely accept thdeast part of the apparatus necessary for stieda

study is in good working condition.”

There are extensive studies carried out in the cakdind psychological fields of inter-observer
reliability tests. For example, Karkouti and Rod®96) used inter-observer reliability tests for
predicting difficult tracheal intubation and, Jaggral. (1995) evaluated reliability of observers to
interpret radiographs of mammographs after breasserving treatment in cancer patients. There are
few such studies reported in cetacean researchsdugral years ago the accuracy of group size
estimates based on inter-observer agreements \aised (Ruglet al. 1990). This chapter evaluates
the reliability between experienced and inexpegencesearchers to identify individual bottlenose
dolphins based on photographic images, and tordeterif training in lab analyses is required for

cataloging individuals using photo-identificati@chniques.
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M ethods

Photographs from a previously analysed databasedofidual bottlenose dolphins (24 dorsal fins)
were used for this study (Mahomed 2003). These asiwere photographed off Durban using a
Nikon D50 SLR camera with 70-210 mm zoom lens. Balobtographic slide was rear projected and
enlarged. The contour of the fin was then tracad ansheet of A4 paper and each picture scored for
photographic quality and individual distinctivenebs analyzing photographic quality and individual
distinctiveness, a modified version of the methodgl proposed by Fridagt al. (2000) was used
(Table 2.1).

The evaluation of photographic quality was detesdimsing three specific variables. These are: 1)
clarity, 2) contrast, and 3) angle. Additionallyganeral overall variable of photographic qualitgsw
used to encompass all the above specific variadtes other variables that may have not been
included. Individual distinctiveness of bottlenodelphins were determined using two specific
variables: 1) Leading edge serrations and/or swarand/or pigmentation, and 2) Trailing edge
serrations. An overall distinctiveness value waso aincorporated in the analyses (Table 2.1).
Furthermore, the total number of notches on thdifgaand trailing edge were also included and the
Defran ration of each fin determined (Defetral. 1990).

To evaluate if photo quality and individual distiiveness can be measured reliably, a total of eleve
researchers were asked to classify the 24 photbgrapne researcher (R1) was considered to be
trained with experience in both the field and tngétataloguing (lab analysis) of individual fins %>

yrs experience). A second researcher (R2) was deresl to be untrained in both techniques but had
experience (> 1 year). Additionally, three othee@chers (R3 — R5) had field experience but lnite
untrained experience in tracing/cataloguing andsgarcher (R6) who was trained in lab technigues
but had no experience prior to this study. Furtleeenthe last category consisted of five reseascher
(R7 — R11) who were introduced to dolphin studastiie first time and had no training or experience
in this type of study. Due to the lack of researshie each group, researchers were later divided in
experienced and inexperienced researcher grougsifitcient replication and statistical purposes.

The level of agreement between researchers wasatgdl with a standard weight&dppastatistic

(Kw) (Friday et al. 2000). This agreement statistic is commonly usedduacational, psychological
and medical literature (Agresti 1990). TKappastatistic estimates the observed pair-wise agretsmen
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between two or more researchers corrected for ehalome Kappavalues usually range between one
and zero, but can also be negative when agreemeuntsless often than predicted by chance alone or
it may be due to the chance corrected componetiti®ftatistic. Akappavalue of one represents a
high level of agreement anckappavalue near zero indicates a low level of agreenieme. resulting
kappavalue will almost always be less than that of pera@greement due to the chance-corrected
component. Landis and Koch (1977) recognised tlsigee of kappa values and presented a
gualitative basis for evaluatingppastatistics (Table 2.2). The terminology proposed.bgdis and
Koch (1977) has been adopted here.

There is concern that some researchers may badegs in identifying certain variables due to derta
factors, for example, differences in vision capfbibetween researchers can affect their ability to
categorise different variables. To quantitativelgagnise less adept researchers, a conditionabmand
permutation (Gailey 2001) was applied using alltpboaphs. If a researcher’s actual ovekalppa
value was found to be significantly different frahmat of other researchers, then the researcher was
removed and the conditional random permutation emsputed again until all researchers were not
significantly different from each other. Each petation was reanalyzed with different random

subsets to ensure that the same researchers wesisteatly rejected as being less adept.

Results

The eleven researcher’s pair-wise analysis shovesdiderably lower levels of agreement for all
specific and overall variables than would be expadty chance alone. The level of agreement ranged
from slight to moderate agreement according to Issadd Koch (1977) (Table 2.2), with no specific

trends.

Researchers agreed on a fair level for overallgrraphic quality K overan = 0.31, 95% CI: 0.28-0.35
(Table 2.3) and photograph clariti (veras = 0.32, 95% CI: 0.28-0.35(table 2.4). Individual pair-
wise agreements for photograph clarity only shovesgarchers 3 (R3) and 4 (RKwW = 0.60, SE =
0.09, plus researchers 7 (R7) and 8 (Ri8yv(= 0.63, SE = 4.19 as agreeing substantially (Table
2.4). There was only very slight agreement betwessearchers regarding the contrast of the
photograph K overan = 0.07, 95% CI: 0.04-0.))1(table 2.5) and the angle at which it was tak€p, i

= 0.11, 95% CI: 0.06-0.0)5Table 2.6).
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Table 2.1: Photographic quality and individual distinctivengssiables of dolphin dorsal fin images.

Variable Definition Scores

Clarity Degree of separation between the 1 = excellent
boundary of the dorsal fin from an 3 = average
environmental back ground. Clarity5 = poor
may also include pixilation.

Contrast Difference in colouration between 1 = excessive
the dorsal fin and the surrounding 3 =ideal
environment. 5 = insufficient

Angle Deviation from a perpendicular 1 = perpendicular

Overall Quality

Leading edge/ scarring/

pigmentation

Trailing edge

Overall distinctiveness

camera to dorsal fin photograph 3 = moderate (~30°)
5 = oblique (~ 60°)
Broad category incorporating all 1 = good
specific aspects and other aspects 3 = average
that may not be accounted. 5 = poor
Scale of serrations or injuries on 1 = large scale
the leading edge. It also includes 2 = average
scarring and pigmentation on the 3 = non-distinctive
animal’s body.
Scale of serrations or injuries on 1 = large scale
the trailing edge. 2 = average
3 = indistinct
Broad category incorpoiatii 1 = very distinct
specific aspects and other aspects 2 = average, with distindéeatures
that may not be accounted. 3 = not distinctive, with little

information content

Table 2.2: Qualitative evaluation dfappastatistics from Landis and Koch (1977).

Kappa Qualitative Level of Agreement
0.00-0.20 Slight Agreement

0.20-0.40 Fair Agreement

0.40 - 0.60 Moderate Agreement
0.60-0.80 Substantial Agreement
0.80-1.00 Perfect Agreement
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For all aspects of individual distinctiveness, egsher’'s agreed at only a fair level, includingdieg
edge distinctivenesK (overar = 0.22, 95% CI: 0.15-0.28(Table 2.7); trailing edge distinctiveness (
overal = 0.34, 95% CI: 0.30-0.39Table 2.8) and overall distinctivene$sy(eran = 0.30, 95% CI: 0.25-
0.34 (Table 2.9). In evaluating pair-wise agreementkle within a category, some researcher’s
appear to be less reliable in identifying certaimiables compared to other researchers. For example
researcher 6’s overall distinctivendsppavalue appeared loweK (oyeran = 0.09, 95% CI: -0.5-0.23
than those of other researchers. Researcher &giesienced great difficulty in classifying the bng

of the photographi{ overa = 0.00, 95% CI: 0.00-0.0Ccompared to other researchers.

Less adept researchers were identified by evalyatieir overall kappa agreement and conducting a
random permutation test. The number of permutatfiongach variable were: OPQ = 3, clarity = 5,
angle = 6, contrast = 12, LE = 7, TE = 10 and OD2=All variables for photographic quality were
rejected by 3 or more researchers (Table 2.10)6aod more researchers for animal distinctiveness
(Table 2.11). By rejecting less adept researcheligbility increased for all variables of photoghéc
quality and individual distinctiveness (Table 2.1Rgsearcher 1 (R1) who has the most experience
and training was not rejected for any of the vdé@spwhile contrastingly, researcher 6 (R6) who had
training but no experience was rejected by allatads. Overall, the results indicate that partidula
classifying the photographic angle and the trailiedge distinctiveness were problematic for

researchers with little or no experience.

Differences in the reliability of identifying indiduals when relying exclusively on the distinctiess

of the dorsal fin, is a source of concern. To pleuvinore insight into the problems with reliabildfy
matching individuals with notch numbers and theafsthe Defran ratio (a ratio computed by dividing
the distance between the two largest notches bgigihance of the larger lower notch to the tophef t
fin.), researchers were compared using a univagateeral linear model. There was no significant
differences between researchers for notch countheneading edgen(= 264, p = 0.46) (Figure
2.1), trailing edger( = 264, p = 0.44) (Figure 2.2) and calculation of the Defran rdtio= 264, p =
0.437 (Figure 2.3)Tukey's post hoctest for the number of notches on the trailingeesigowed clear
differences between researchers, where experigesedrcheran(= 5) were significantly different to

inexperienced researchers= 6) (Table: 2.13).
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Table 2.3: Pair-wise kappa weighted agreement statisticsof@rall photographic quality (OPQ). For each
variable the standathppastatistic (Kw) for each researcher (R1 — R11) isvahalong with the standard error

(SE) and Z statistic (2).

N=24 OPQ R2 R3 R4 R5 R6 R7 RS R9 R10 R11
R1 Kw 0.53 0.24 0.47 0.19 0.18 0.18 0.16 0.39 0.39 0.36
SE (Kw) 0.11 0.12 0.09 0.15 0.08 0.12 0.12 011 100. 0.2
z 3.90 1.93 3.36 1.35 1.83 1.49 1.28 2.80 3.41 872
R2 Kw 0.26 0.49 0.39 0.10 0.29 0.16 0.44 061 404
SE (Kw) 0.10 0.11 0.13 0.10 0.14 0.12 0.13 0.10 .140
z 2.42 3.76 2.74 1.04 2.05 1.7 3.19 4.46 2.94
R3 Kw 0.59 0.22 0.15 0.17 0.27 0.33 0.18 0.19
SE (Kw) 0.13 0.10 0.07 0.09 0.14 0.13 0.11 0.10
z 437 2.23 1.79 2.06 2.07 2.60 2.03 1.99
R4 Kw 0.31 0.15 0.36 0.29 0.58 0.33 0.35
SE (Kw) 0.12 0.09 0.10 0.11 0.08 0.11 0.11
z 2.44 1.39 3.55 2.28 433 3.24 3.17
R5 Kw 0.17 0.56 0.36 0.38 0.32 0.71
SE (Kw) 0.12 0.11 0.12 0.11 0.15 0.08
z 1.52 4.00 3.14 3.09 2.32 4.93
R6 Kw 0.08 0.15 0.11 0.12 0.06
SE (Kw) 0.11 0.09 0.08 0.11 0.10
z 0.78 1.72 1.39 1.11 0.62
R7 Kw 0.41 0.35 0.41 0.54
SE (Kw) 0.13 0.11 0.19 0.14
z 3.33 2.96 2.47 3.43
RS Kw 0.23 0.10 0.27
SE (Kw) 0.14 0.42 0.13
z 1.55 0.13 2.16
R9 Kw 0.30 0.38
SE (Kw) 0.12 0.12
z 2.49 2.76
R10 Kw 0.48
SE (Kw) 0.16
z 3.12
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Table 2.4: Pair-wise kappa weighted agreement statisticpfiotograph clarity. For each variable the standard
kappastatistic (Kw) for each researcher (R1 — R11) isvah along with the standard error (SE) and Z gtatis

(2).
N=24 Clarity R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
R1 Kw 0.33 0.48 0.48 0.34 0.11 0.44 0.44 0.26 0.27 0.32
SE (Kw) 0.14 0.11 0.11 0.13 0.11 0.12 0.13 013 130. 0.3
z 2.33 3.82 3.73 2.56 0.91 3.56 3.51 1.76 221 252.
R2 Kw 0.35 0.35 0.27 0.19 0.43 0.43 0.27 045 203
SE (Kw) 0.11 0.09 0.16 0.10 0.12 0.11 0.13 0.11 .160
z 3.16 3.09 1.83 1.70 3.31 3.67 1.79 3.39 2.18
R3 Kw 0.60 0.26 0.52 0.33 0.40 0.26 0.25 0.25
SE (Kw) 0.09 0.11 0.11 0.12 0.12 0.11 0.09 0.10
z 4.26 253 4.18 3.15 3.75 2.14 2.95 2.50
R4 Kw 0.38 0.33 0.26 0.34 0.38 0.15 0.16
SE (Kw) 0.08 0.09 0.08 0.09 0.11 0.07 0.08
z 3.35 3.12 2.97 3.42 2.90 2.15 1.76
R5 Kw 0.07 0.52 0.54 0.40 0.01 0.55
SE (Kw) 0.12 0.10 0.12 0.12 0.15 0.13
z 0.63 3.73 427 2.93 0.07 3.63
R6 Kw 0.16 0.54 0.24 0.18 0.13
SE (Kw) 0.13 0.12 0.12 0.11 0.10
z 1.33 4.10 2.15 1.67 1.22
R7 Kw 0.63 0.36 0.10 0.35
SE (Kw) 0.14 0.12 0.10 0.14
z 4.19 2.74 0.62 2.41
R8 Kw 0.40 0.21 0.44
SE (Kw) 0.12 0.16 0.13
z 3.05 1.50 3.37
R9 Kw 0.05 0.03
SE (Kw) 0.11 0.14
z 0.38 0.17
R10 Kw 0.24
SE (Kw) 0.19
z 1.49
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Table 2.5: Pair-wise kappa weighted agreement statisticedotrast within the photograph. For each variable
the standarttappastatistic (Kw) for each researcher (R1 — R11) mvahalong with the standard error (SE) and

Z statistic (2).

N =24 R2 R3 R4 R5 R6 R7 RS R9 R10 R11
R1 Kw 013 -002 0.20 0.24 0.26 0.32 022 012 0.00 0.05
SE (Kw) 0.10 0.07 0.13 0.14 0.13 0.16 0.13 0.06 670 064
z 1.61 0.07 1.48 1.75 2.26 3.00 2.56 1.91 - 0.04 0.83
R2 Kw -0.17 0.07 ®0 0.8 0.01 0.05 0.02 0.02 0.16
SE (Kw) 0.12 0.08 0.11 0.12 0.08 0.13 0.11 0.08 .130
z -1.26 0.86 0.10 1.62 0.12 0.44 0.18 0.28 1.16
R3 Kw 0.18 0.02  -0.09 0.19 0.13 003 300 -0.18
SE (Kw) 0.11 0.12 0.11 0.12 0.12 0.11 0.10 0.13
z 1.93 017  -0.79 2.59 1.26 0.20 0.24 -1.40
R4 Kw 0.32 0.02 0.20 0.20 0.13 0.08 0.14
SE (Kw) 0.17 0.11 0.17 0.13 0.10 0.12 0.09
z 2.16 0.14 2.37 2.29 1.26 0.63 1.95
R5 Kw -0.15 0.36 0.32 0.21 0.10 0.13
SE (Kw) 0.11 0.17 0.14 0.08 0.10 0.10
z -0.15 412 3.36 2.19 1.00 691
R6 Kw 0.04  -0.05 001  -0.02 -0.03
SE (Kw) 0.07 0.07 0.10 0.09 0.08
z 047  -055 015  -0.17 -035
R7 Kw 0.47 0.05 0.07 0.05
SE (Kw) 0.22 0.07 0.07 0.11
z 3.81 0.63 0.87 0.59
RS Kw 0.06  -0.02 0.04
SE (Kw) 0.08 0.09 0.13
z 061  -0.17 0.34
R9 Kw 0.11 0.20
SE (Kw) 0.20 0.12
z 0.68 1.64
R10 Kw 0.19
SE (Kw) 0.11
z 1.82
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Table 2.6: Pair-wise kappa weighted agreement statisticshierangle at which the photograph was taken. For

each variable the standardppastatistic (Kw) for each researcher (R1 — R11) isvat along with the standard

error (SE) and Z statistic (2).

N=24 Angle R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
R1 Kw 0.50 0.38 041 0.31 0.09 0.00 0.09 0.07 0.06 0.32
SE (Kw) 0.13 0.15 0.22 0.14 0.05 - 0.14 021 120 0.23
z 3.39 2.32 2.48 2.22 1.49 - 0.68 0.43 0.45 622.
R2 Kw 0.35 0.37 0.33 0.07 0.00 0.15 0.19 022 702
SE (Kw) 0.15 0.16 0.18 0.07 - 0.14 0.70 22 70.1
z 2.37 2.63 2.26 1.05 - 1.02 1.18 1.75 2.39
R3 Kw 0.26 0.31 0.01 0.00 0.05 0.10 0.15 0.21
SE (Kw) 0.18 0.14 0.06 - 0.15 0.18 0.18 0.18
z 1.77 1.87 0.21 - 0.38 0.60 1.25 1.95
R4 Kw 0.18 0.04 0.00 0.18 033  -0.11 .470
SE (Kw) 0.14 0.03 - 0.13 0.21 0.06 0.27
z 1.48 1.01 - 1.66 210  -0.72 3.44
R5 Kw 0.03 0.00 0.17 0.11 0.20 0.14
SE (Kw) 0.10 - 0.16 0.18 0.13 0.12
z 0.29 - 1.02 0.68 1.89 1.41
R6 Kw 000  -005 -001 -0.02 0.02
SE (Kw) - 0.08 0.03 0.03 0.02
z - -053  -0.14 -0.68 0.73
R7 Kw 0.00 0.00 0.00 0.00
SE (Kw) . . . .
Z - R - -
RS Kw 0.29 0.19 0.13
SE (Kw) 0.14 0.12 0.12
z 1.94 1.97 1.44
R9 Kw 0.10 0.36
SE (Kw) 0.16 0.27
z 0.62 2.28
R10 Kw -0.05
SE (Kw) 0.04
z -0.29
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Table 2.7: Pair-wise kappa weighted agreement statisticddfading edge serrations, pigmentation and scars
(LE). For each variable the stand&appastatistic (Kw) for each researcher (R1 — R11) mvahalong with the

standard error (SE) and Z statistic (Z).

N=24 LE R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
R1 Kw 0.43 0.50 0.44 034  -0.09 0.22 059 0.10 0.52 -0.10
SE (Kw) 0.16 0.16 0.17 0.16 0.17 0.16 0.13 014 .160 0.17
z 2.52 2.81 2.91 2.12 -0.57 1.35 359 630. 282 -0.15
R2 Kw 0.63 0.41 0.37 0.09 0.21 0.37 0.41 0.38 .220
SE (Kw) 0.13 0.16 0.16 0.19 0.14 0.16 0.12 0.17 .160
z 3.78 3.03 2.27 0.59 1.44 2.27 2.58 2.30 1.33
R3 Kw 0.36 0.50 0.00 0.33 0.23 0.38 0.68 0.35
SE (Kw) 0.16 0.13 0.17 0.16 0.16 0.15 0.13 0.18
z 2.45 3.05 0.03 2.05 1.41 2.43 3.67 1.95
R4 Kw 0.14 0.22 0.12 0.33 0.15 0.52 0.17
SE (Kw) 0.11 0.18 0.09 0.14 0.09 0.19 0.18
z 1.16 1.80 1.21 2.70 1.10 2.89 0.98
R5 Kw 0.17 0.50 0.13 0.29 0.46 0.50
SE (Kw) 0.17 0.14 0.17 0.15 0.13 0.14
z 1.12 3.27 0.80 1.88 2.90 3.16
R6 Kw 0.05 028  -0.04 0.03 0.05
SE (Kw) 0.14 0.18 0.14 0.17 0.18
z 0.36 1.79 -0.24 0.22 0.31
R7 Kw -0.04 0.35 0.25 0.44
SE (Kw) 0.15 0.13 0.14 0.13
z -0.24 2.63 1.69 3.12
R8 Kw 0.06 028  -0.15
SE (Kw) 0.14 0.17 0.15
z 0.37 1.78  -0.92
R9 Kw 0.19 0.42
SE (Kw) 0.15 0.17
z 1.23 2.67
R10 Kw 0.33
SE (Kw) 0.20
z 1.67

38



Mahomed, M. Behaviour of bottlenose dolphinseiefice for dolphin tourism off Durban, South Afric@hapter 2

Table 2.8: Pair-wise kappa weighted agreement statisticaréoling edge serrations, pigmentation and scars
(TE). For each variable the standa&eppastatistic (Kw) for each researcher (R1 — R11) svahalong with the

standard error (SE) and Z statistic (Z).
R3 R4 R5 R6 R7 R8 R9 R10 R11

N=24 TE R2
R1 Kw 051 051 0.63 0.22 0.09 0.37 0.56 0.48 0.39 0.64
SE (Kw) 0.15 0.15 0.13 0.18 0.14 0.16 0.13 015 .150 0.12
z 3.10 3.13 4.01 1.37 0.55 2.49 3.74 3.05 2.45 004.
R2 Kw 0.47 0.48 0.31 0.26 0.08 0.48 0.35 037 205
SE (Kw) 0.17 0.15 0.18 0.16 0.16 0.15 0.18 0.16 .140
z 2.80 3.02 1.93 1.64 0.55 3.02 2.21 2.37 3.39
R3 Kw 0.49 0.13 0.15 0.34 0.49 0.48 0.26 0.41
SE (Kw) 0.14 0.19 0.12 0.12 0.14 0.13 0.14 0.13
z 3.35 0.83 1.00 2.61 3.35 3.19 1.75 2.69
R4 Kw 0.16 0.33 0.17 0.54 0.41 0.21 0.52
SE (Kw) 0.17 0.15 0.19 0.18 0.16 0.15 0.11
z 1.05 2.15 1.10 3.06 2.54 1.36 3.76
R5 Kw 0.30 0.33 0.28 0.47 0.30 0.45
SE (Kw) 0.16 0.16 0.16 0.12 0.15 0.17
z 1.89 227 1.84 3.33 1.89 2.76
R6 Kw 0.03 0.21 0.10 0.03 0.30
SE (Kw) 0.17 0.14 0.16 0.17 0.17
z 0.22 1.36 0.65 0.20 1.89
R7 Kw 0.31 0.21 0.03 0.35
SE (Kw) 0.18 0.16 0.12 0.14
z 1.98 1.36 0.22 2.47
R8 Kw 0.41 0.21 0.41
SE (Kw) 0.16 0.14 0.12
z 2.54 1.36 2.99
R9 Kw 0.44 0.49
SE (Kw) 0.16 0.14
z 2.77 3.20
R10 Kw 0.50
SE (Kw) 0.14
z 3.13
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Table 2.9: Pair-wise kappa weighted agreement statisticevyerall distinctiveness (OD). For each variable the
standarckappastatistic (Kw) for each researcher (R1 — R11) isvat along with the standard error (SE) and Z

statistic (2).

N=24 OD R2 R3 R4 R5 R6 R7 RS R9 R10 R11
R1 Kw 0.62 0.39 0.49 0.48 0.23 054 0.28 0.49 0.39 0.65
SE (Kw) 0.13 0.17 0.15 0.15 0.16 0.14 0.14 018 .160  0.12
z 3.71 2.60 2.94 3.03 1.47 3.58 2.09 2.97 249 214
R2 Kw 0.49 0.67 0.45 0.31 0.33 0.43 0.38 029 605
SE (Kw) 0.17 0.12 0.16 0.15 0.14 0.14 0.16 0.17 .160
z 3.07 3.98 2.79 2.24 2.31 3.31 2.34 1.93 3.40
R3 Kw 0.55 0.11 0.18 0.09 0.13 0.31 0.13 0.42
SE (Kw) 0.18 0.14 0.14 0.09 0.12 0.16 0.12 0.17
z 3.34 0.76 1.38 0.76 1.24 2.19 1.01 2.59
R4 Kw 0.15 0.19 0.18 0.19 0.22 0.13 0.48
SE (Kw) 0.15 0.16 0.11 0.13 0.16 0.14 0.16
z 0.94 1.31 1.30 1.50 1.42 0.88 2.91
R5 Kw -0.19 0.39 0.15 0.33 0.59 0.42
SE (Kw) 0.15 0.15 0.14 0.18 0.15 0.17
z -1.19 2.56 1.05 2.07 3.78 652
R6 Kw 0.08 0.24 0.04  -0.04 0.11
SE (Kw) 0.16 0.15 0.16 0.14 0.18
z 0.54 1.67 029  -0.26 0.72
R7 Kw 0.37 0.40 0.41 0.43
SE (Kw) 0.16 0.15 0.16 0.14
z 2.44 2.60 2.65 3.13
RS Kw 0.21 0.13 0.23
SE (Kw) 0.15 0.15 0.14
z 1.49 0.89 1.85
R9 Kw 0.00 0.36
SE (Kw) 0.19 0.17
z 0.00 2.41
R10 Kw 0.40
SE (Kw) 0.16
z 2.76
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Table 2.10: Overall kappa weighted agreement statistics idgntgifadept judges for variables of photographic

quality. For each variable the ovengdippastatistic (Kwo) for each researcher is shown aleitg the

significance probability for the conditional rand@rmutation.

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
Clarity  Kwo 0.55 0.48 0.60 0.57 0.47 0.41 0.49 0.60 0.49 0.38 .440
P 1.00 0.61 1.00 1.00 0.11 0.00 0.58 1.00 0.44 0.00 .060
Kwo 0.56 0.51 0.57 0.54 0.52 0.50 0.61 0.48 0.44
P 1.00 0.78 1.00 0.97 0.83 0.64 1.00 0.28 0.00
Kwo 0.58 0.52 0.60 0.57 0.50 0.51 0.61 0.51
P 1.00 0.43 1.00 1.00 0.18 0.39 1.00 0.43
Contrast Kw 0.16 0.08 0.01 0.25 0.28 0.05 0.18 0.22 0.12 0.15 .180
P 0.97 0.22 0.00 1.00 1.00 0.03 1.00 1.00 0.75 0.33 0.83
Kwo 0.20 0.11 0.26 0.30 0.07 0.16 0.22 0.13 0.08 0.21
P 1.00 0.07 1.00 1.00 0.00 0.71 1.00 0.46 0.00 1.00
Kwo 0.18 0.09 0.28 0.35 0.18 0.27 0.14 0.21
P 0.76 0.00 1.00 1.00 0.71 1.00 0.29 0.93
Kwo 0.18 0.28 0.37 0.19 0.27 0.17 0.19
P 0.14 1.00 1.00 0.29 0.95 0.04 0.10
Angle Kwo 0.18 0.11 0.08 0.06 0.04 0.00 0.00 0.01 0.13 0.04 030
P 0.89 0.31 0.06 0.03 0.00 0.00 0.00 0.00 0.31 0.00 .000
Kwo 0.59 0.60 0.40 0.42 0.24
P 1.00 1.00 0.40 0.80 0.00
Kwo 0.63 0.62 0.46 0.43
P 1.00 1.00 0.00 0.00
Kwo 0.69 0.69
P 1.00 1.00
OPQ Kwo 0.55 0.49 0.35 0.67 0.51 0.27 0.48 0.37 0.60 0.63 590
P 1.00 0.92 0.00 1.00 0.97 0.00 0.72 0.00 1.00 1.00 .001
Kwo 0.63 0.60 0.72 0.60 0.55 0.68 0.68 0.71
P 1.00 0.93 1.00 0.93 0.33 1.00 1.00 1.00
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Table 2.11: Overall kappa weighted agreement statistics idgntjf adept judges for variables of individual
distinctiveness. For each variable the ovekapppastatistic (Kwy) for each researcher is shown along with the

significance probability for the conditional rand@armutation.

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
LE Kwo 0.50 0.51 0.47 0.28 0.34 0.10 0.22 0.44 0.33 054 .160
P 1.00 1.00 1.00 0.28 0.86 0.00 0.00 1.00 0.75 1.00 .000
Kwo 0.57 0.56 0.53 0.32 0.31 0.51 0.36 0.57
P 1.00 1.00 1.00 0.00 0.00 1.00 0.04 0.90
Kwo 0.61 0.60 0.54 0.57 0.41 0.52
P 1.00 1.00 1.00 1.00 0.00 1.00
Kwo 0.68 0.60 0.58 0.64 0.57
P 1.00 1.00 0.83 1.00 1.00
TE Kwo 0.53 0.47 0.50 0.52 0.43 0.25 0.37 0.50 0.51 0.35 630
P 1.00 0.94 1.00 1.00 0.67 0.00 0.14 0.97 0.97 0.00 1.00
Kwo 0.57 0.48 0.54 0.54 0.43 0.40 0.53 0.53 0.64
P 1.00 0.36 1.00 0.96 0.00 0.00 0.93 0.93 1.00
Kwo 0.66 0.55 0.57 0.61 0.56 0.58 0.64
P 1.00 0.00 0.19 071 0.10 0.14 1.00
Kwo 0.67 0.58 0.61 0.56 0.59 0.65
P 1.00 0.07 0.67 0.00 0.27 1.00
Kwo 0.69 0.58 0.62 0.60 0.67
P 1.00 0.00 0.50 0.10 1.00
Kwo 0.71 0.63 0.60 0.69
P 1.00 0.00 0.00 1.00
Kwo 0.76 0.76
P 1.00 1.00
oD Kwo 0.55 0.57 0.32 0.48 0.30 0.12 0.38 0.28 0.43 0.28 580
P 1.00 1.00 0.39 1.00 0.36 0.00 0.91 0.08 1.00 0.00 .001
Kwo 0.58 0.61 0.34 0.50 0.36 0.41 0.28 0.46 0.57
P 1.00 1.00 0.04 1.00 0.07 0.29 0.00 0.75 1.00
Kwo 0.61 0.62 0.37 0.53 0.39 0.41 0.49 0.61
P 1.00 1.00 0.00 1.00 0.00 0.00 0.57 1.00
Kwo 0.66 0.68 0.66 0.51 0.65
P 1.00 1.00 1.00 0.00 1.00
Kwo 0.71 0.71 0.68 0.69
P 1.00 1.00 0.33 0.50
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Table 2.12: Overallkappaagreement statistics after less adept judges weenewved using a random

permutation test.

Variable Kwp 95% ClI Kwy 95% ClI
Clarity 0.50 0.38-0.61 0.55 0.49 - 0.63
Contrast 0.15 0.10-0.30 0.24 0.19-0.39
Angle 0.06 0.00-0.18 0.69 0.68-0.70
Overall Quality 0.50 0.37 - 0.65 0.65 0.29-0.53
LE distinctiveness 0.35 0.21-0.55 0.61 0.55-0.70
TE distinctiveness 0.46 0.29-0.53 0.76 0.75-0.77
Overall distinctiveness 0.39 0.33-0.58 0.70 0.66-0.72
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Figure 2.1: Notch counts on the leading edge of each dolphirsaldin tracing by each researcher. Each

identical symbol represents the same photografilie. s
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Figure 2.2: Notch counts on the trailing edge of each dolphimsdl fin tracing by each researcher. Each

identical symbol represents the same photografilie. s
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Figure 2.3: Defran Ratio of each dolphin dorsal fin tracingdach researcher. Each identical symbol represents

the same photographic slide.
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Table 2.13: Tukey'spost hoaesults for number of notches on the trailing edge

Experienced Researcher Inexperienced Researcher Std. Error Significance
R1 R6 0.24417 0.011
R7 0.24332 0.985
R8 0.24332 0.000
R9 0.25637 0.000
R10 0.25883 0.000
R11 0.24332 0.000
R2 R6 0.24590 0.465
R7 0.24505 0.260
R8 0.24505 <0.001
R9 0.25801 <0.001
R10 0.26046 <0.001
R11 0.24505 0.001
R3 R6 0.24679 0.995
R7 0.24595 0.007
R8 0.24595 <0.001
R9 0.25887 <0.001
R10 0.26130 0.006
R11 0.24595 0.077
R4 R6 0.24771 0.683
R7 0.24687 0.141
R8 0.24687 <0.001
R9 0.25974 <0.001
R10 0.26217 <0.001
R11 0.24687 0.003
R5 R6 0.24417 1.000
R7 0.24332 0.002
R8 0.24332 <0.001
R9 0.25637 <0.001
R10 0.25883 0.016
R11 0.24332 0.165
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Discussion

The results of this study provide multiple judgmbatsed scores of specific aspects of photographic
quality and individual distinctiveness that canused for future objective performance evaluatian fo
manual methods of photo-identification. One of thajor disadvantages in subjectively evaluating
image quality and individual distinctiveness basedmultiple subjective measurements is the time,
and therefore expense, associated with such a lragkis study, researchers were unable to agree
reliably on all aspects of photo quality and indival distinctiveness. By Contrast, Gailey (2001)
using digital images and theénscanprogram found that observers agreed reliably aioua aspects

of image quality and individual distinctiveness,t lauingle could still not be measured reliably. A
photographic reliability study on humpback whalgsHniday et al. (2000) found that judges agreed
moderately for overall quality and substantially éwverall distinctiveness. Similar results wererfdu

by Rughet al. (1998) using marginal homogeneity assumptions. Waretysing their results in more
depth, Gailey (2001) found that clarity, contrast aisibility are important parameters in explagin
the quality of an image. Both Gailey (2001) andi&yiet al. (2000) found some observers to be less
adept in identifying different variables of imageatjty and individual distinctiveness and that some
observers appeared to be affected in judging distieness independent of image quality. The
researchers used in the current study displayedasidifferences between observers. The specific
variable of angle was found to be only slightlyiably measured for small cetacean dorsal finsim th
study and that of Gailey (2001), while it appearde more readily reliably measured in large whales
(Friday et al. 2000). This suggests that there may ibtrspecific differences in how reliably
researchers can differentiate particular diffeaintg components when conducting individual

identification studies.

Notch counts between experienced researchers vimikarsto that of inexperienced researchers.
Researcher 6 although inexperienced in lab analyaddimited field experience and was trained in
dolphin tracings. Therefore, when he was compaednexperienced researchers he differed.
Furthermore, while carrying out the experiment &swnoticed that inexperienced researchers counted
splash caused by dolphins and sun glare as nofthissmost certainly is already a source of inatirre
identification in many studies and highlights thmpbrtance of training observers to take these
potential biases into consideration when tracingd/@n identifying dolphin fins. Incorrect
identification may involve falsely identifying twaightings of different individuals as the samealad
positive error) or two sightings of the same indial as different (false negative error), which can
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present a problem in mark-recapture studies singst models cannot deal with this problem. This
highlights that researchers should be trained witherience in the field and photo-identification

technigues prior to commencing any photographichiaty tasks.

One of the easiest ways to incur errors in indiglddentification may be the result of poor quality
photographs. For photo-identification mark-recaptanalysis, high quality photographs have always
been recommended to minimise violations in assumptiof equal catchability (Hammond 1986,
Wiirsig and Jefferson 1990). Therefore, the distidiouof photo quality should be in favour of higher
photo quality estimates. In this study only 58%twf photographs analysed were found to be higher
than the quality estimate of 3 (i.e. 1 = good, &verage, 5 = poor). These lower quality imagesdcoul
have affected the ability of some researchers tegosise photo quality and distinctiveness whiah, i
turn, may have led to the low levels of agreem&his hypothesis could not be statistically analysed
due to the small sample size but should be coreidathen conducting similar analyses in future

studies.

The importance of photographic resolution requii@dindividual identification has previously been
recognised by researchers. Wirsig and Jeffersd@0jIr@commend chemical emulsion film to have
small grain size and maximal resolution to identtig small and subtle notches on a dorsal fin that
may only be represented on a fraction of the filime resolution of film is significantly dependemt o
the amount of light present, since the light-sévesisalt crystals in the chemical emulsion of filvill
fixate more, resulting in finer grain size, thanpioorer lighting conditions. Therefore, the resiolut

will vary throughout the photograph. With the receadvent and widespread use of digital
photography in photo-identification studies, thessolution difficulties are reduced as digitally
capturing photographs results in a linear resahtiohich may decrease contrast differences between

lighting areas (Gailey 2001).

The advent of the digital era and concomitant syyevith computers and the use of computer based
identification software have many advantages whempared to manual techniques. Data
management and analysis can be achieved at a Hiimient rate. Moreover, such a system could
increase the efficiency of collecting data usingitdi photography, eliminating the necessity to
develop film. Data can be managed and processecediately after returning from the field survey,
even in remote locations where processing of phafigc material would not be possible. Although
computer based systems are highly efficient theeecancerns about the reproducibility of research
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results compared to traditional photographic idetiion. Experienced researchers were found to be
more reliable in identifying individuals with phafmphs than either experienced or inexperienced
researchers with digital images (Gailey 2001). Weetraditional manual methods or a computer-
assisted approach is used, to reliably identifjviddals using natural markings, learned experigace

necessary.
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Chapter 3
Effects of habitat on the distribution, movement patter nsand behaviour of bottlenose
dolphins
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I ntroduction

Animals generally use space disproportionately iwitthe boundaries of their home range
(Samuelet al. 1985). Areas receiving concentrated use by residaimals can be termed
preferred habitats. Studying cetacean habitat eteccan be extremely difficult. These
environments are challenging due to the divingitgbilf cetaceans and the lack of knowledge of
what they do beneath the surface. However, theisgatsamust return to the surface to breathe;
hence habitat use can be interpreted from thdirlaligion at the surface (Hasti al. 2003b) and
their distribution can be closely linked to habifaettures (Ros®t al. 1987; Gowans and
Whitehead 1995; Wilsoet al 1997; Daviset al, 1998; Karczmarsket al. 2000; Hastieet al.
2004). However, the primary function of the prederhabitats often remains vague. Only when
behavioural observations are made can a complptesentation of the ecological function of

those areas be revealed (Hasti@al. 2004).

The density and distribution of groups and sub-gsois a function of the size and area of any
wild population’s home range (Karczmarskial. 2000). An adequate identification of habitat use
within a population’s home range and core areasravii®ological and social behaviours

concentrate is a fundamental part of understantlireg species ecology and crucial for the

conservation and management of any wild populdt@mczmarskiet al. 2000).

Bottlenose dolphins have been the most researatadean species (Shagteal. 1986; Rosst

al. 1987; Ballance 1990; Acevedo 1991; Cockcrefftal. 1991; 1992; Smolkeet al. 1992;
Peddemors 1995; Bearet al 1997; Wilsonet al. 1997; Defraret al. 1999; Shirakiharat al.
2002; Hastieet al. 2004) due to their schooling behaviour, coastaithaand display in aquaria.
Distribution patterns of cetaceans have often loeerelated with underwater topography, such as
abiotic features (Watts and Gaskin 1986; Reisa. 1987; Gowans and Whitehead 1995; Datis
al. 1998; Karczmarsket al. 2000; Hastieet al. 2003) and seabed gradient (Watts and Gaskin
1986; Gowans and Whitehead 1995; Daafisal. 1998; Karczmarsket al. 2000; Hastieet al.
2003b). These patterns have been studied over fqgal scales. However, relatively little is
known about habitat utilization at fine scales arff open coastline, i.e. tens of kilometers (Allen
and Rea000).

Numerous aerial and boat based surveys have bewucted in an attempt to estimate the
bottlenose dolphin population for KwaZulu-Natal §01982; Cockcrofet al. 1991; 1992;
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Peddemors 1993; Rosd al. 1997) and Durban (Booman 1998). The populatioimese for
bottlenose dolphins stands at 520 for the nortlsto@@ockcroftet al. 1992) and 350 for the south
coast (Cockcrofet al. 1991). Subsequently, photo-identification and bé&haal studies have
suggested less discreteness of these groups taeioysly reported (Peddemors 1995; Booman
1998). One area of substantial over-lap of homgeamnd subsequent mixing of dolphin groups
is Durban (29° 50'S; 31° 2'E) (Figure 1.1). Boonn{d898) estimated the number of bottlenose
dolphins using Durban bay at approximately 200 \iallials. A proportion of these enter the
harbour apparently primarily to feed (Dix 1998)aftpears that the dolphins off Durban spend
most of their time feeding and travelling (Peddesn@®95; Dix 1998), however no detailed
behavioural study of the bottlenose dolphins usliregDurban environs has been conducted.

This study therefore investigates the movemengepatand distribution of bottlenose dolphins
occurring in the open and fully exposed nearshabitht of Durban to determine habitat
utilization within this area. This coastline is fgudissimilar from regions where most other long-
term studies on this species have been conducteap(€ 1) and provides the opportunity to
further evaluate the influence of habitat on batikee dolphin behaviour. Such data are important

to understand potential impacts, including tourgstivities.

Human disturbance may result in short-term charigesanging patterns and habitat use
(Constantine and Baker 1997; Barr & Slooten 19%8n&els and Bejder 2004; Allen and Read
2000; Constantine 2001) or long-term displaceménetaceans from preferred areas (Norris and
Dohl 1980; Bryantl984). These factors underline the importance décting pre-tourism data.
Consequently, this work is crucial in allowing ftetcomparisons with dolphin use of these areas
following the anticipated introduction of permittedim-with-the-dolphins eco-tourism and the

booming boat-based whale and dolphin watching imgus

M ethods

This study was conducted in the bay of the citydaumw; primarily as this is the region most likely
to be heavily impacted by any future tourism atitgi The bay consists of an open stretch of
coastline bordered in the north by the Umgeni Riard in the south by a sandstone bluff
demarcating the harbour entrance (Figure 1.1). §thdy area extended over 10kmith an

average water depth of 25 m.
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Preliminary observations were conducted betweenil Ard June 2004 to determine the
feasibility of the study. Theodolite data were @adgently collected from June through to
December 2004. Observations of dolphin group mowsnthrough the study area were made
from an elevated land-based observation site (29°3%"S and 31° 02’ 23"E) situated on the
south beach of Durban bay (Figure 1.1). Observatioere initiated at dawn with two observers
scanning the study area for dolphins using binosutand naked eye. A Sokkisha ® DT5 30X

telescope was used in this study which was locapedoximately 65,6m above sea level.

Once a group of dolphins was sighted, the groupthess tracked for as long as possible within
the study area using focal group sampling methdoin@n 1975, Hanson and Defran 1993; Barco
et al. 1999; Acevedo and Parker 2000). A group was defasedny school of dolphins observed
in apparent association, moving in the same doeciind often but not always, engaged in the
same behaviour. The tracking team consisted ofadtblite operator and a scribe. The theodolite
operator located the position of dolphins duringheaurfacing, while the scribe recorded the
time, group size, position, and behaviour of thépkia group. Environmental conditions were

also recorded on an hourly basis.

To standardise and allow comparison with publisheskarch (Norris and Dohl 1980; Bryant
1984; Shanet al. 1986; Ballance 1990; Acevedo 1991; Smol&erl. 1992; Peddemors 1995;
Bearziet al. 1997; Constantine and Baker 1997; Wilssinal. 1997; Barcoet al. 1999; Defran
and Weller 1999; Samuels and Bejder 2004), behavivere categorised when more that 50%
of the group were engaged in the same activitythe.dominant behaviour in the group. The
behavioural categories recorded follow those ddfing Shaneet al. (1986) and are defined as
follows:

(1) Fast Travel: School moves in a constant dioactswimming with short, relatively constant

dive intervals.
(2) Slow travel: Very slow movement or drifting @me direction and by a slower respiratory roll
through the air / water interface, while maintagnimn fixed course of direction. The dolphins are

engaged in slow movements generally lacking commtsnaf other types of described behaviour.

(3) Resting: Dolphins do not move or swim, but floa the surface for extended periods while
breathing more shallow and frequently. Respiratemesusually synchronous between individuals
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within a group. Movement in various directions imeolocation, but showing no surface
behaviours and no apparent physical contact betweginiduals, usually staying close to the

surface.

(4) Milling/Undetermined: Dolphins do not move inygparticular direction, individuals within a
group continuously change their direction, schdtdrochanges direction, dive intervals variable

but short; group spacings vary.

(5) Socializing: Some or all group members in alomstant physical contact with one another,
oriented towards one another, and often displaysugface behaviour, socially directed
swimming, coughing and tail slapping. Includes pésiwhen the majority of the school appear to
be in play behaviour, incorporating leaping, taipectoral fin slapping, chasing spy-hopping and
bow-riding of boats, plus mating behaviour.

(6) Feeding/foraging:

() Repeated diving in varying directions in onedtion and often making tail-stock dives or

flukes-up dive.

(i) Swimming at high burst speeds along erratigrses, often including hair-pin turns.

Following the methods used by Karczmarskial. (2000), the stretch of coastline was divided
into 6 sectors, each approximately 1km in lengtltogfficient of Area Use (AU), which ranges
from O to 1, was calculated. This represents the &ngaged by dolphins in a particular sector as
a proportion of the total observation time in tday. This was expressed as AU = D/T, where D
is the time spent by dolphins in a particular secod T, the total observation time in any one
day. Dolphin behavioural activity associated wititle fixed point was expressed as a frequency.
Results were then analysed for significant varetiwithin and between sectors, as well as within
and between behaviours using Kruskal-Wallis ANOVAd aest for correlations by Pearson

correlation tests.
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Results

Three hundred and forty one hours were spent simyeie study area for bottlenose dolphin
groups between April and November 2004. Of thig bandred and forty hours were conducted
during the preliminary study between April and J@@04. These initial data indicated that
bottlenose dolphins primarily used the Durban bagwleen sunrise and midday. Subsequently,
this was the focal period of search effort, leadimgnly data from June to November 2004 being

presented in this chapter to ensure comparablengataused.

Searches were conducted over 201 hours on 43 daygydhe six month period (17, 33, 34,
64.5, 57.5 and 5 hours in June, July, August, Sdpte, October and November, respectively).
Bottlenose dolphins were encountered on 72% cfumileys and dolphins were only absent on 12
occasions on days that weather conditions alloneskver effort. A total of 37 groups were
encountered and in most cases only one group wgedi per survey. Dolphin groups were
successfully tracked for 26.8 hrs. Each group reethin the bay for an average of 43.5 minutes.

A total of 3196 theodolite readings were made wiideking dolphins.
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Figure 3.1: Average distribution of bottlenose dolphin sighgsnin the Durban bay region over the day.

Error bars indicate 95% CI of the mean.
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Figure 3.2: Average distribution of bottlenose dolphin siglysrelative to water depth within the Durban

bay region. Error bars indicate 95% CI of the mean.
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Figure 3.3: Mean monthly bottlenose dolphin group sightingé @firban between June and December

2004. Error bars indicate 95% CI of the mean.
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Dolphins were seen in all months surveyed and tilvout the survey area Temporal distribution
of sightings was skewed with 91% of dolphins seefofe midday (Figure 3.1) and 98% of

sightings were observed in water depths less tBam Figure 3.2). Land-based tracks revealed
peak bottlenose dolphin abundance during Octobii, @ctober also corresponding to a higher
searching effort (Jun: n =2, Jul: n = 6, Aug: @,Sept: n = 12, Oct: n = 17, Nov: n = 13) (Figure
3.3).

The mean group size of bottlenose dolphins off RarBay is approximately 40 individuals (SD
+ 28.32). There was no variation in group sizetiedato the time of day they were seen
(Pearson’s correlatiom,= 0.118 , n =35, p = 0.25 (Figure 3.4), but monthly variations showed
that group sizes increased during spring towardeser, i.e. September — November(0.364 ,

n = 35, p = 0.03} (Figure 3.5). Group size was also significantiyrelated to depth, with larger
group sizes found further from shone= 0.063, n =3100, p < 0.00} (Figure 3.6), but not
correlated with tidal data € 0.014, p = 0.48.
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Figure 3.4: Variation in bottlenose dolphin group sizes off Dam relative to the time of day

56



Mahomed, M. Behaviour of bottlenose dolphinseiefice for dolphin tourism off Durban, South Afric@hapter3

150 o

120

90+

Group Size

1
Jun Jul Aug Sep Oct Nov
Month

Figure 3.5: Monthly variation in bottlenose dolphin group safé Durban.
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Figure 3.6: Variation in bottlenose dolphin group size accogdio depth.
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Figure 3.7: Observed bottlenose dolphin behavioural frequeradesrding to water depth. Error bars

indicate 95% CI of the mean.

When dolphins were seen venturing in water deptbatgr than 30m (i.e. > 1.5 — 2 km offshore)
the behavioural state was always travelling (Figdu8. Of the six behavioural categories only
one, resting, was not observed at all within thelgtarea. The most dominant behaviour overall
exhibited by dolphins was slow travel (44%) follahey feeding (27%) (Figure 3.8).

Dolphin activity was not evenly distributed oveetkix sectors in the Durban bay region. When
the study area was divided into northern (Secte8l and southern (sector 4 - 6) regions there
were highly significant variations in area use (Aw$tween these areas, with dolphin use of the
southern region of Durban Bay being significantigher ¢ = 8.133 , n = 250, p = < 0.00)
(Figure 3.9).

There was a very high significant correlation betwé&ehaviour and depth£ 1.51, n = 3123,

p < 0.00) (Figure 3.7). The frequency of fast travel ina&s with the increase in depth (p <
0.001) and slow travel decreased with a decreaskefth p < 0.00). There were significant
differences between behaviours displayed by thphiles for both their frequency £ 2.772, n =
250, p = 0.050 (Figure 3.8) and duratioikK(V = 47.91, n = 121, p < 0.000XFigure 3.10). The
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average group speed for each of the behavioursnatairly constant (Figure 3.11). Milling
(ANOVA, n =116, p = 0.001 and socializingr{ = 235, p = 0.00Y are substantially slower than
fast travel. As expected there was a significaffedince between slow travel and fast travel
(ANOVA, n = 1491, p = 0.01Bbut speed of movement between fast travel ardirigavere not
significantly different i = 1491, p = 0.07%
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Figure 3.8: Observed Behavioural frequency of occurrence asreeptage of the total activity repertoire

of bottlenose dolphins. Error bars indicate 95%f{the mean.
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Figure 3.9: Mean coefficient of area use displayed by bottlendslphins over the Durban bay study site.

Error bars indicate 95% CI of the mean.
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Figure 3.10: Average time spent by bottlenose dolphins in edaberved behavioural category, as the

percent duration of the total time spent obserdalphins. Error bars indicate 95% CI of the mean.
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Figure 3.11: Average group speed of bottlenose dolphin movendening each observed behavioural

category. Error bars indicate 95% CI of the mean.
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Figure 3.12: Frequency of behaviours within the daily activitydget of bottlenose dolphins within the

study area.
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Figure 3.13: Monthly variation in the occurrence of all formstodvel behaviour exhibited by bottlenose

dolphins. Error bars indicate 95% CI of the mean.
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Figure 3.14: Monthly variation in the occurrence of the remagnthree behaviours (feeding, milling and

socialising) exhibited by bottlenose dolphins. Etvars indicate 95% CI of the mean.

Travelling (Fast/Slow):

Almost 62% of all observed behaviours consistettafelling (46% slow and 16% fast) (Figure
3.8). Travelling occupied 59% of the time that dhitys were followed (Figure 3.10). There was
no consistent overall direction observed in thegkahowever, 73% of the surveys observed
dolphins groups moving from north to south. Thesmes a sharp increase in travel behaviour
during mid winter (July and August) to early spri(gept) that sharply decreased thereafter
(Figure 3.13). This is inversely correlated to fegd(Pearson’s correlatiom, = 37, p = 0.00}
(Figure 3.14). Although travelling behaviour ocaatithroughout the study area (Figures 3.16 &
3.17), more time was spent slow travelling in sexfy 3 and 6 (Figure 3.15a), whereas fast travel
was greatest in sector 4 (Figure 3.15b). Travel thasonly behavioural category recorded in
deeper water further from shore. The greater péage of offshore movements consisted of fast
travel and it appears that slow travel tends tarioee inshore and perpendicular to the coast
(Figure 3.16). The movement of dolphin groups tasashore were ‘fast’ (Figure 3.17) whilst

movement offshore was at variable speeds.
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Feeding:

Feeding was the second most dominant behavioubiéatiiby bottlenose dolphins in Durban
Bay, comprising 27% of both the frequency of ocence and the time (Figures 3.10 and 3.12).
There appeared to be a diurnal pattern to feedgdour, with increased activity concentrated
in the early morning (48%) (Figure 3.12). Althoutite percent frequency of feeding averaged
around 16% of all behaviours throughout the stuslyoul, feeding behaviour exhibited a decrease
in occurrence from July to October (i.e. Mid-winter early spring) (Figure 3.14). Feeding
occurred throughout the study region (Figure 3.h8yever the time spent feeding was greatest
within sector 4 and 5 (Figure 3.15 b). These seatoincide with reef bottoms (Vetchy's Pier and

Limestone Reef) (Figure 1.1).

Milling:

Dolphins milled occasionally, mostly during or imdigtely after feeding and around mid

morning (Figure 3.12). Milling behaviour was faidpnstant throughout the study period varying
between 5 and 8% (Figure 3.14). This behaviour weduthroughout the study area (Figures
3.15d and 3.19) but was the least displayed bebewb the five recorded for dolphins off

Durban (Figure 3.8).

Socialising:

Within the daily activity budget, social activitigseaked at 7 am, but generally decreased in
frequency during the day (Figure 3.12). Socialistogurred fairly constantly during the study
period (Figure 3.14) but was inversely proportiommafeeding. Social behaviour was not evenly
distributed throughout the study area, with a sigamnt decreasen(= 34, p < 0.00] recorded in
the northern half of Durban Bay (Figures 3.15e au2f)).
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Figure 3.16: Visual representation of the distribution of slomavielling bottlenose dolphin groups off

Durban throughout the study period.
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Figure 3.17: Visual representation of the distribution of fasivelling bottlenose dolphin groups off

Durban throughout the study period.
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Figure 3.18: Visual representation of the distribution of feeglibottlenose dolphin groups off Durban

throughout the study period.
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Figure 3.19: Visual representation of the distribution of nmitli bottlenose dolphin groups off Durban

throughout the study period.
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Figure 3.20 Visual representation of the distribution of stisiag bottlenose dolphin groups off Durban

throughout the study period.

Discussion

Bottlenose dolphins were observed throughout theo@ bay with the animals primarily using
water depths of less than 30 m (within 1km of shoidl offshore occurrences were of travelling
dolphin groups. Similarly, aerial surveys off thewv#&Zulu-Natal coast have indicated that
bottlenose dolphins preferentially stay within 8@ m isobath (Rosst al 1987), but that they
may be seen in deeper water en route to offshafe (€ockcroftet al 1991). Elsewhere in the
world the coastal form of bottlenose dolphin alppears to favour waters less than 30m in depth,
e.g. off Argentina (Wursig and Wiirsig 1979) and &din Diego (Defran and Weller 1999).

Group sizes for bottlenose dolphins reportedly eafigm 1 to over 100 individuals (Corkeron
1999; Connokt al. 2000) but Shanet@l. (1986), dos Santos and Lacerda (1987), Smakat.
(1992) and Allen (2005) reported most commonly $enagroups of 2-15, 1-20, 2-5 and 2-7
dolphins respectively in enclosed waters. The ngganp size for bottlenose dolphins off Durban
was larger than for most other inshore bottlenadphin populations. Coastal nearshore dolphins
off San Jose, Argentina (Wlrsig and Wirsig 197Bg Gulf of California (Ballance 1990),
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Esenada De La Paz, Mexico (Acevedo 1991), San Diegtifornia (Defran and Weller 1999)
and Amakusa, Japan (Shirakihaet al 2002) assemble in schools similar in size to those
observed in Durban and off the east coast of Sédtlta (Peddemors 1995). In contrast,
considerably smaller mean group sizes have beamtegpfor study areas in Texas (Shane 1980;
Fertl 1994), the northern Adriatic Sea (Beagtial. 1997), Florida (Irvineet al. 1981; Wells
1986; Wellset al. 1987; Shane 1990; Ester and Wells 2001;), Shark Bagtralia (Smolkeet

al. 1992; Mannet al. 1999) and New South Wales, Australia (Allen andddart 2001, Allen
2005). Ecological factors such as habitat structtaes and types of predation, quality and ease
of food being located are prime influences of dduédnaviour, and in general, group sizes tend to
increase with increased water depth and openndhe tfabitat (Shanet al. 1986).

Careful consideration of reported group sizes &edhabitat in which the study was conducted
suggests that the inshore bottlenose dolphin graumsheltered coastal waterways tend to be
smaller than those for animals residing in operstadavaters. This variation may be explained as
follows. For example, river dolphins live in stwall, structural complex habitats that offer escape
routes or hiding places from predators, with lowayent rates of predation, and with prey more
or less evenly dispersed. These dolphins are golitaeither found in small groups (Corkeron

1999; Weiet al. 2002). Inshore dolphins, which live in protectedstal waterways, are normally

found in groups of tens. Their habitat is slighttgre open, prey patches are slightly larger and
more clustered, and predation pressure is potgngetater. The larger group sizes for coastal
bottlenose dolphins, such as those found off Durbauld be due to the habitat being more open
and fully exposed than the latter coastal areagssd&tgroups of dolphins could be termed as
coastal nearshore populations rather than insti@hnagter 1). By contrast, pelagic dolphins are
usually found in much larger groups, up to thousasfdindividuals, in very open habitats where

huge prey patches are distributed in clumps, daéehay vast stretch of ocean, and predation

pressures are assumed to be more extensive (Corkge®).

Although dolphins were never absent from the Durbagy region, the number of dolphins
increased markedly in the summer. Comparable sabsofluxes have been reported from
several other studies (Ballance 1990; Acevedo 19dlsonet al. 1997; Barccet al. 1999). Such
changes have been attributed to spatial variatiotecal conditions and topography, resulting in
certain areas being more suitable for predatordavmie (Ross 1979), the rearing of offspring
(Scottet al. 1990; Barccet al. 1999), mating (Manmt al. 1999) and foraging (Alleet al2001;
Hastieet al 2003).
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Durban Bay's coastal zone is characterised by a-skeitered sandy shoreline. Travel was the
dominant behaviour exhibited by observed dolphingth relatively low levels of feeding
observations; this implies that the Durban bay &y used as a thoroughfare for the dolphins as
they move to adjacent areas potentially more sigitéedr foraging. This corroborates previous
assertions that travelling is primarily a functiohlocating food and conspecifics (Shane 1990b;
Hanson and Defran 1993; Bearzi 2005). The propustiaf time spent travelling and feeding in
this study off Durban are similar to those recoréézbwhere for coastal nearshore bottlenose
dolphins. Hanson and Defran (1993) found that tramd feeding accounted for 69% and 19% of
the total dolphin activity off San Diego, while dffanta Monica Bay bottlenose dolphins spent
63% of time travelling and 16% feeding (Bearzi 200%anson and Defran (1993) assumed that
these consistent proportions of behavioural statesss months and seasons were likely to have
been related to a year round occurrence of presar® (2005) postulated that the large amount
of time spent travelling off Santa Monica may hdeen related to food searching or feeding
activities. This study off Durban suggests thatypadundance and distribution may, indeed,

affect the proportion of time spent travelling.

The average speed of travel for bottlenose dolpinirBurban Bay (13.5 km/hr) is higher than
that recorded for this species elsewhere in thédw@ff Santa Monica bottlenose dolphins travel
at an average of 4.3 km/hr (Bearzi 2005) whiletb& Northern Adriatic Sea they travelled at
7.15 km/hr (Bearzet al, 1999). Average travel speeds of 5.5 km/hr wecended for dolphins
off Sanibel Island, Florida (Shane 1990a) whileptols off Argentina averaged 6.1 km/hr
(Wursig and Wirsig 1979). It may be argued thatléadse dolphins in the study area travelled
at higher speed because of their familiarity of gtedy area, which is open in nature with
apparently few foraging opportunities. Peter (200udjther elucidated the familiarity of
bottlenose dolphins off Durban with the study asgahowing that dolphins move well within 10
meters of any of the shark nets permanently $ddurban Bay to protect bathers (Peddemors
1995). He also showed that bottlenose dolphingeama to take a preferred route through the
Durban shark net installation. A similar concept péferred routes followed by bottlenose
dolphins when travelling between foraging areas raésed by Peddemors (1995) following the
tracking animal movements off the Durban BIuff.

Although dolphins spent less time in the study a®#he day passed, most travelling bouts were

recorded before midday. The frequency of travellimgeased from winter (Jun) towards summer

(Nov). Similar spring and summer increases in tiengehave previously been recorded for the
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KwaZulu-Natal coast (Peddemors 1995) and at ottuglyssites such as San Diego (Hanson and
Defran 1993) and Florida (Shane 1990b). In Flotida was assumed to be due to the spreading
of prey resources in the warmer waters, consequiertieasing the travelling time between bouts
(Shane 1990b). In Durban a similar inter-dependdretyveen travel and feeding appears to be
prevalent. Even though Durban appears to be pihynased as a thoroughfare for bottlenose
dolphins, it is also used as a feeding area dutiegearly mornings and, to a limited degree, in
the late afternoons. Temporal variations in feedintjvities have also been reported elsewhere.
Off Sanibel Island, Florida, bottlenose dolphingr#p40% of their feeding during morning and
midday periods, with a drop in feeding only ocaogriduring the afternoon and evening (Shane
1990b). Clement and Morris (1998) also observed tbmporal utilization of habitats was
significantly dependent on time of day. In San Dieglanson and Defran (1993) found that
feeding peaks occurred in the early morning anel dditernoon, with both peaks being similar in
the time spent in this activity. The early mornangd late afternoon peaks recorded in this study
off Durban are similar to the feeding times foundSaayman and Taylor (1973) in the Eastern
Cape of South Africa, where it was suggested toelmted to the availability of food. Indeed,
these times for increased foraging activity coutddue to the susceptibility of capture of both
diurnal and nocturnal fishes at dawn and dusk kmxaf low light levels (Shane 1990b).
Peddemors (1995) observed that feeding was alrheays initiated at reefs and popular shore-
angling sites in KwaZulu-Natal, which indicated tthgarticular bottom topographies were
required for increased prey. Although bottlenoskpliias are considered catholic in their diet and
are likely opportunistic feeders, in KwaZulu-Nathley primarily feed on benthic reef fish
(Cockcroft and Ross 1990) suggesting they do appeasrimarily feed at particular sites.
Comparable feeding activities were found in SangbDigvhere dolphins fed more in reefs and
estuary areas and less in sand areas (Hanson drah D993). It was proposed that the sandy
shoreline offers fewer prey resources and movermgnbastal dolphins may be related to food
resource availability. In this study, the time dpfeeding was greatest near reefs, which are also
close to the harbour mouth, a large natural estuary

During this study the tracking of 4 groups of datghceased when dolphins were last seen at the
harbour entrance. This may well suggest that thighilts entered the harbour. Bottlenose
dolphins have been reported in the Durban harbdichwthey appear to use as an alternative
foraging area (Dix 1998). Dix (1998) observed tigse animals spent a greater amount of time
in travelling and feeding than in social activiti@allance (1992) also observed that 61% of all

behaviour observed near estuaries was feedingaiiesuare sites of large concentrations of
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nutrients which support great numbers of filterdiag zooplankton and fish (Whitfield 2005).
Presumably it is these large concentrations of miateprey which attract dolphins to these
habitats. The seasonal variation in feeding obskedeging this study may be linked to variations
in prey availability. During the months of Junedaihgh August there is an increased abundance of
fish in association with the annual sardine migratiBeckley and van der Lingen 1999). As the
sardines rarely enter Durban Bay, this abundancer®f elsewhere in the home range of the
bottlenose dolphins may lead to a reduced requineme potentially marginal feeding habitat.
This hypothesis would explain the decreased feedictivity seen during what is generally
considered a period of prey abundance. Similarasehchanges in observed feeding have been
recorded and linked to prey availability in othtrdies (Hastieet al. 2004).

Milling behaviour was predominantly recorded eittduring or immediately after feeding.
Despite the function of milling still not being aldy understood; milling was scored most during
the early morning. This variation within the dayos#ly resembles that found for feeding;
suggesting that, in many cases, milling may pogdill a feeding associated behaviour. Similar
observations have been made elsewhere. In whateserided as milling, in Sarasota Bay
Nowacek (2002) divided the behavioural activity dadned as ‘pinwheel’ and ‘side swim'. He
found that both these behaviours displayed higésraf occurrences during feeding or a probable
feed. Likewise, Acevedo and Parker (2000) obsetbed milling; in conjunction with other
defined feeding categories were related to spatfahgement and location of prey. In an earlier
study off KwaZulu-Natal, Peddemors (1995) also ssted that milling could be a
predominantly feeding related behaviour. These rvhsens suggest that future studies may
legitimately combine milling with feeding behavidar analysis.

Although socialising probably occurs continuously dolphin schools, less than 10% of
observations in this study included social activipcial interactions between dolphins almost
certainly occur throughout the day, but usually @wobserved in short term-studies. Only
extensive, long term-studies such as those in SBayk Australia (Connor and Smolker 1985;
Smolkeret al. 1992) and Sarasota, Florida (Shaeal. 1986; Wells 1991) can elucidate such
associations between individuals.

Dolphins socialise for reproductive purposes, ai asfor protection, efficient food-gathering,

learning and possibly for other undiscovered resg@vells 1991). An increase in social activity
during late winter was the only pronounced seaseffatt in Durban. Other coastal bottlenose
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dolphin populations display spring, summer and &rimhcreases in calving or social activity. In
Aransas Pass, Texas, the mating activity of dokppbeaked during the spring and summer (Shane
1990b). Off the west coast of Florida bottlenoskphios showed increased calving during spring
through early autumn (Sco#t al. 1990). In contrast to these spring through autisodial
activity and calving peaks, dolphins off Sanibdatgl socialised more during the autumn and
winter (Shane 1990b). Both Shane (1990a) and Saagmal. (1973) suggested that seasonal
variation in dolphin behaviour might be linked #asonal changes in water temperature and prey

abundance.

Socialising occurred in particular areas with neigloactivity observed towards the northern
boundary (sector 1) of the study site. The low nendf dolphin group sightings in the northern-
most sector of the study area may be linked tanareased water turbidity in that region due to
the outflow of the Mgeni River. Ross (1977) and Kwoft (1992) documented that bottlenose
dolphins avoid turbid water off the coast of KwaZaNatal. This behaviour has been interpreted
as predator avoidance behaviour (Cockcroft 1992) Has also been attributed to potential
reduced prey abundance and reduced prey detectipabilities in turbid water (Peddemors

1995). This study supports the hypothesis thatldrmaite dolphins off KwaZulu-Natal tend to

avoid turbid waters, leading to skewed distribwsiamd habitat use along the coast.

The population of bottlenose dolphins off Durbapegrs to use the bay year-round (Peddemors
1995; Boonman 1998). Although residency patterns ifividual animals require further
research, preliminary investigations have suggestaat least 200 dolphins use the Durban bay
(Peddemors 1995; Boonman 1998). Since boat andrsifiiic continues to increase off the coast
of Durban, the potential for impacts on these wsisl also grows. As a pre-requisite for
determining “disturbed” behaviour, a comprehensivelerstanding of “normal” behaviour is
essential, information that is inevitably lackiray hearly all species of cetaceans (Bejder 2005).
This study provides such base-line data and inelictttat different sectors of the bay are used
differentially. The occurrence of preferred argaesticularly for feeding and resting, could have
important implications on dolphin responses to potgntial injury from boats.

Dolphins are probably disturbed most during feediribey are actively engaged in fish tracking,

during which time they apparently use transmissibaonar and there is a lack of processing of
peripheral sensory information (Goodsetral. 1994). Disturbance of feeding activity could have
potential long-term impact on the health of dolghisuggesting that boat traffic should be
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minimised in regions of known foraging hot-spothisTlis corroborated by Allen and Read (2000)
who showed that dolphins decrease their use ofgpyifforaging habitats during periods of high

boat density near Clearwater, Florida. The presemty suggests that the area immediately north
of the harbour entrance constitutes the primarglifeparea for bottlenose dolphins using Durban
bay. These data should therefore be taken intsideration in any management plans for the

development of new small craft harbours and/or ldalpvatching industry in the Durban bay.
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Chapter 4
Short-Term Responses by Bottlenose Dol phins to Experimental Boat Approaches
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I ntroduction

Human fixation on cetaceans is recorded in hisforythousands of years in folklore, Greek and
Roman mythology and legends (Morris and Gill 1998pmpson 1999). Recently, cetaceans have
become extremely popular with the general publit @ sought after by humans for interaction at an
increasing rate. This can be seen in the incregsipglarity of marine parks and the escalating @hal
watching industry (the term ‘whale watching’ reféosany species of dolphin or whale) (IFAW 1999;
Hoyt 2001; 2004; Carlson 2004). These types ofisaumprovide members of the public worldwide
with many types of opportunities to learn abouserle, swim with (Bejdeet al 1999; IFAW 1999;
Samuelset al 2000; Constantine 2001; Dudzinski 2001; Kyngeboml2003; Valentineet al. 2004),

or feed (Connor and Smolker 1985; Samuels and Bgjd@4; Troneet al. 2005) marine mammals.
Moreover, it generates income for local communitiesere these activities occur (Duffus and
Dearden 1993; Hoyt 2001).

World wide commercial cetacean-watching has dewslogt what seems to be an exponential rate in
the last 4 decades (IFAW 1999). This trend showsign of declining. Hoyt (2001) estimated that
commercial whale-watching tours are available ideast 87 countries and territories, and that the
industry is worth at least US$ 1 billion. In thedaof this increasing popularity little is knownoaib
short or long-term effects of tourism on cetaceadviour for most populations and species.
Although single encounters with boats seldom camsgor complications for cetaceans, repeated
encounters have the potential for detrimental &fe@ne of the major challenges of marine tourism i

protecting and conserving the environment whilstveihg tourist satisfaction (Samueds al 2003).

In some places the numbers of recreational vesggisoaching dolphins is a cause for serious
concern, particularly if the growth of this indystrontinues at a pace similar to that recordedhitiex
years. Internationally, the number of whale watshacreased from 25 000 in 1994 to 510 000 in
1998. Over these four years direct expenditurestatadl expenditures (USD) increased from $29 000
to $311 000 and $512 000 to $ 69 186 000 respéeiiflAW 1999). Quantifying impacts of tourism
is especially important in South Africa because agarage, 77% of the whale watch boat tourists in

1999 came from outside the country.

Although there are over 30 species of cetacean®toar in South African waters, commercial whale
watching focuses on mainly 4 of these species. dlmslude the Indo-Pacific bottlenose dolphin
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Tursiop aduncuslong-beaked common dolphiDelphinus capensishumpback whaleMegaptera
novaeangliaeand the southern right whakibalena australisThese species are easily targeted by the
industry because their movements and distributiersamewhat expected and predictable. Thus, they
can regularly and reliably be sighted either yeand where resident populations occur, as in tee ca
of bottlenose dolphins, or seasonally during anmuigkrations, as in the case for common dolphins,
humpback and southern right whales. A variety dfeotspecies (e.g. Indo-Pacific hump-backed
dolphin Sousa chinensis,dusky dolphin Lagenorhynchus obscurusHeaviside's dolphin
Cephalorhynchus heavisidikiller whale Orcinus orca blue whaleBalaenoptera musculubrydes
whale Balaenoptera ederind dwarf minke whal@alaenoptera acutorostrataare sighted during
tours, though are less predictable and are onlyaitget species for commercial operations at lichite

places along the South African coast.

Boat-based whale watching poses the potential tingdental consequences for targeted animals, in
particular, for resident animals with small, cohdtame ranges. These communities are often
repeatedly sought out for extended, close-up eneasinHowever, in most cases, the biological
importance of behavioural change in response teateg disturbance has yet to be determined, nor is
it recognised whether and in what ways, short-teesponses elucidate into long-term effects on
physical condition, reproduction, distribution ahebitat utilization, and how those changes may

affect survival and population size (Bejder 2005).

Bottlenose dolphinsTursiopsspp are the species of small cetaceans most likelyet@xposed to
tourism (Samuelset al. 2003; Constantineet al 2004). Despite their global distribution, they
frequently live primarily in nearly-closed, residgropulations with well defined home ranges (Shane
et al 1986; Wellset al 1987). For example, the Sarasota population anidd has resided within a
125knfarea during 30 years of research with only a 2-3#ual immigration- or emigration rate.
Elsewhere, however, populations have been descabextasonally migratory extending over ranges
of approximately 400 km (Mead and Potter 1990;deetbrs 1995), while other populations are
without defined home ranges exhibiting an appatack of boundaries (Ballance 1992). Although
there appears to be some variation in the populaticture of bottlenose dolphins around the world
they are long-lived mammals so populations thauite individuals with limited home ranges could

be negatively impacted through regular exposuteudgsm.
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Research on cetaceans exposed to tourism has ghatvthey may become habituated to moderate
human presence (Martinez 2004; Tragteal. 2005). Such habituation can includedecrease in a
behavioural response which occurs when a stimsluegeated frequently with no apparent reward or
punishment, or tolerance to the stimulus (Constan001). If animals perceive a situation as
threatening, however, then they are more likelpeoome sensitised to human presence (Iretrel
1981; Nowaceket al. 2001; Constantine 1999; 2001). Killer whales esqub to experimental
approaches by a research boat have been obselngdawsidance tactics similar to those observed
when prey are escaping a predator (Williaehsal 2002). Similar results were found with harbour
porpoises, which tended to swim away from approachiessels (Polacheck and Thorpe 1990).
Harbour porpoises also show differential respobssgd on the size and behaviour of the approaching
vessel (Evangt al 1993). Bottlenose dolphins have also exhibitedrage of responses to human
approaches, one of which is an increase in divatibur for mother-calf pairs in the presence of boat
and thereby suggesting some form of avoidance alvafNowacek 2001). Other responses include:
changes in surfacing patterns (Janik and Thomp8&6)land foraging habitat selection (Allen and
Read 2000). In Sarasota Bay, Florida, short-teriftssh local habitat use by bottlenose dolphingeha
been observed during periods of heavy boat tréfflells and Scott 1997).

As tourists desire more frequent and more intimerteounters with wild cetaceans, there is an
imperative need for research that will assess fieete of such activities on the animals. Only w fe

countries have formulated legislative regulations nhianage their whale- and dolphin-watching
industry (e.g. Australia, New Zealand and the USAjle others have set-up voluntary "Codes of
conduct" to minimise potential impacts. Generallggulations and guidelines are based on little
scientific research, if any, and do not distinguisfiween gender, age, habitat utilisation and kocia
composition of target animals nor the habitat withhich the activities occur. Yet these factors are

known to influence responsiveness of cetaceanedsels and boating activity.

Recording dolphin responses to boats and/or otherah induced pressures is notoriously difficult.
Theodolite tracking has proven to be a powerful t@ith which to document cetacean responses to
various anthropogenic stimuli (Kruse 1991; Bejdeal 1999). In anticipation of a burgeoning boat-
based whale and dolphin watching industry off theamn South African cities, this study therefore
used theodolite tracking to investigate short-teasponses of bottlenose dolphins to experimental
boat approaches in the Durban bay region.
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M ethods

As this project used a theodolite to investigatersterm responses of bottlenose dolphins to
controlled boat approaches, it incorporated a ®déstwbance technique that allows accurate
measurements of both the boat speed and directidrofithe cetacean group speed, direction and
dispersion. Distances between the study animads barats could then be calculated. Theodolite
observations were collected during "no impact" aitins, i.e. no boats present, and during
experimental and opportunistic boat approacheshéo study animals. These techniques allowed
measurement of group avoidance reactions to boatsrimus distances and enabled comparisons of
behaviour before-, during and after a potentialdotpsituation. One draw-back of using theodolite-
based studies is that they often lack detail,the.technique does not allow for detailed behadbur

observations on an individual level or for indivadidentification of animals.

This study therefore incorporated the continual meoimg of the behaviours of the entire focal group
of dolphins, as described in Chapter 3, beforeinduand after (BDA) controlled boat approaches
during the summer (Oct-Feb) of 2004. The experialerdgssel used was a 4.3m mono-hull semi-rigid
inflatable with a 40hp Yamaha outboard engine. Apphes were always carried out side-on (i.e.
from the left or right side of the dolphin grouping 4 different approach types or variables. These

approach types include:

(2). Slow approach (< 10km/hr) to the dolphin greungl maintain a 20m distance;
(2). Slow approach (< 10km/hr) to the dolphin greungl maintain an 80m distance;
(3). Fast approach (> 40km/hr) to the dolphin graog maintain a 20m distance;
(4). Fast approach (> 40km/hr) to the dolphin grang maintain an 80m distance.

These distances were used based on the 50m ddppimoach limit according to recommended
international legislation (IFAW 2001; Bejder 200%xperiments were therefore carried out 30m
within the advised 50m boundary (i.e. 20m distabesveen the boat and dolphin group) and 30m
outside the boundary (i.e. 80m distance betweerbtta¢ and dolphin group) to determine dolphin
response. At present, South African legislaturputgites a distance of 300m between boats and
whales, but there is no such legislation or recomiad distance limit between dolphin groups and

boats.
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Although the project anticipated using a rangedintb accurately determine boat distances to the
dolphins, it was found to be extremely difficult ase on dolphins. A series of trials were therefore
conducted prior to the experiment, where all pamsbrinvolved in the experiment assessed their
capability of estimating a distance to an objetiafk net buoy) out at sea. These estimates were
immediately compared to range-finder readings efdistance to enable the researchers to improve
their distance estimates and maintain the pre-ddcidistances from dolphin groups during the

experimental boat approaches.

Once a dolphin group was sighted, its position reasrded and tracked using an electronic theodolite
(refer to Chapter 2). This was referred to as tlebBoat’, ‘control’ or ‘before’ observations. After
minimum of 10 minutes or 20 theodolite fixes ofdbeon-interference observations the experimental
boat operator was contacted via radio and askegbpooach the focal animal group using a specific
type of approach. The boat would then approachidhghin group at the requested speed of approach
to the predetermined distance, thereafter turrongatvel parallel to the dolphins at their speeadtém
minutes or 20 theodolite fixes before breakingasftl leaving the animals. Thereafter, positions and
behaviours were recorded for an extra 10 minutesvkras the 'after’ phase. The entire experimental
period lasted for 30 minutes depending on dolphimug surfacings and/or number of vertical and
horizontal angle co-ordinates.

Theodolite fixes were taken at the center of tHpldo group at 30 sec intervals. For the periothef
'during’ phase, theodolite fixes were taken of thatphin closest to the boat. The position of thatbo
was fixed immediately after the dolphin position. fiField observations were restricted to Beaufort

scale sea state of 3 or less.

Although BDA experimental procedure was carried, dghavioural data from Chapter 3 depicts
‘normal’ behaviour exhibited by bottlenose dolphthas serving as a control. Thirty minutes of each
track of the control was randomly pooled out anlit #ito before, during and after phases (10 min
each phase) for comparison. This was used to deteramy change in behavioural use of the Durban
bay following boat approaches during each of the &xperiments and experimental phases.
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Results

Between October 2004 and February 2005, 124 hoers spent in the field of which 29 hours 13 min
were spent observing bottlenose dolphins duringo8al follows. On all days but two, only a single
experiment was conducted per dolphin school. Gndecasions two schools were followed, leading
to a single experiment being conducted on eachngutiat one day. On another two instances the
length of time that the dolphins were tracked tlgtothe research area allowed two experimental boat
approaches to be carried out on that dolphin grdins led to a final total of 32 boat approach

experiments used for analysis.

A total of 2922 theodolite fixes were collected idgrthese experiments. The average focal dolphin
group follow lasted 56.03 min (SE = 3.89 min, Rarg80.25 — 126 min), of which an average of
22.14 minutes were conducted in the ‘before’ experital phase, 24.11 minutes in the ‘during’ phase,

and 9.78 minutes in the ‘post’ phase.

Prior to carrying out the boat experiments, theabdity of distances maintained between the boat a
dolphin group were analysed. There was no sigmifie@riation between researchers and the range
finder during both the 20m (Figure 4.1 a) and 8®Gigyre 4.1 b) trial (ANOVAN = 60, p = 0.0738
and n = 60, p = 0.7904espectively).
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Figure 4.1: Variation in researcher-estimated and range fiditances where figure a represents a close

distance of 20m and figure b a far distance of 80m.
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Figure 4.2: Overallmeanfrequency of behavioural events during each boptegzh type. Error bars indicate
95% CI of the mean.

The bottlenose dolphin groups off Durban did noarae their behaviour in response to boat
approaches during all periods of experimentatioN@VA, slow travel:n = 1354, p = 0.181fast
travel:n = 24, p = 0.783feeding:n = 664, p = 0.584milling: n = 94, p = 0.868socializing:n = 18,

p = 0.829 (Figure 4.2). Fast travel and socialising wereelyaobserved and this is also seen
throughout the study area when the experimentat b@s present compared to the controlled
experiments (Figure 4.9). During the slow approgc20 m the frequency of slow travel increased
when the boat approached the dolphin group (frof 56 77%) and decreased after the boat left
(47%), but this change was not significant (ANOWAs= 533, p = 0.192 (Figure 4.3). Neither was
there a significant difference in feeding when Huat approached (22%) and after the boat left the
dolphin group (48%n = 233, p = 0.58% During slow approaches to 80m, slow travel insez from
34% to 85% but again no statistical difference detectedrf = 156, p = 0.058 whilst feeding and
milling significantly decreased after the boat I group (from 39% to 2%, = 36, p = 0.022and
from 8% to 1%n = 9, p = 0.013 respectively). Similar to these results for thmvsapproach to 80m,
feeding and milling decreased significantly fostfapproach to 20m (from 22% to 4%= 13, p =
0.013 and from 5% to 0.7%n = 13, p = 0.012 However, within the fast approach to 80m
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experiments no statistical difference was obserfad each behavioural category displayed by
dolphins between each phase<356, p > 0.0%. While the boat was with the dolphin group (‘dwi
phase’), there was no difference in dolphin behavietween experiments (slow travel= 438, p =
0.159 fast travel:n = 12, p = 0.13]1 feeding:n = 224, p = 0.064 milling: n = 36, p = 0.294
socializing:n = 6, p = 0.222.
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Figure 4.3: Frequency of behavioural events during each boatoagh type. Error bars indicate 95% CI of the

mean.
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Since Dolphins were behaving 'normally' on dayd #periments were conducted and there was
limited 'bias' due to extraneous factors (e.g. 8igps moving into the harbour/other boat traffiatth
may have influenced the experiment/environmentalditins [abiotic or biotic]), all data were
'‘pooled' to compare to the data collected in ChiaptEontrol) for a comparison (Figure 4.3). When
each phase of each experiment was compared totitiekexperiments there was significantly higher
slow travel activity (ANOVA,n = 2782, p = 0.008and correspondingly lower feeding activity £
1503, p = 0.02b before the boat approached the dolphin grouphferfast 20 experiments. When the
boat approached the dolphin group during this tgpeapproach feeding increased but did not
statistically differ to the controk & -1.068, df = 3, p = 0.36/ After the boat left the dolphin group
there was no significant difference for each betiavbetween the control and each experiment.

The average group speed recorded between each thfrtle phases under different approach types are
shown in Figure 4.4. There was a significant défere in speed within slow 20 (Kruskall — Wallis
ANOVA, n = 32, p = 0.038 and fast 20 approach & 30, p = 0.004 but no significant difference in
dolphin group travel speed for the slow 80526, p = 0.663 and fast 84n = 48, p = 0.138 boat
approaches. Tukey typmsthoc for the 3 phases within the slow 20 approach skowee significant
difference before and during approaches=(32, p = 0.164 while during fast 20 approaches there
was a significant increase between the before-aftese f = 30, p = 0.00% as well as the during-
after phasern(= 30, p = 0.02). There is an insignificant increase in group slpsih increasing group
size up to groups of 60 individuals (linear regi@ss- f = 1.37, f = 0.047, p = 0.25) (Figure 4.5 a)
but this relationship breaks down once groups becdsaper-pods’ i.e. 150 individuals (linear
regression-f = 0.057, f = 0.002, p = 0.81B(Figure 4.5b).

None of the focal follows ended with a change iougr size, i.e. group split or join. Dolphin groups
were more likely to form tighter formations durifalows in which the experimental boat approached
the group at more than 40km/hr and at a very ctisence (ANOVA,n = 32, p = 0.027 (Figure
4.6).

The overall average time spent by dolphins in theysarea during boat experiments was 46.88 min
(SE = 8.9 min, Range = 33.6 — 50.0 min) (Figure).4There was no difference in time spent by
dolphins in the area within and between each empati as well as between each experimental phase
(Figure 4.8).
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Analysis of changes in how dolphins utilised diffier sectors of the bay following boat approaches
indicate that time spent in slow travel increasethbst sectors of the study area in the presentteeof
boat with the most significant differences foundéttor 4 and 6 (paired samples t testd.357, df =

4, p =0.022; t = 3.059, df = 5, p = 0.003@spectively) (Figure 4.9). Fast travel and sdgiia was
barely observed in the study area during boat poesewith significant differences found in sectérs
and 5 for both behavioural categories (fast travel5.121, df = 7, p < 0.0012; t = 3.614, df =5, p =
0.0031 socialisingt = 3.476, df = 6, p = 0.0034; t = 5.116, df = 6,90.0001respectively).
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type. Error bars indicate 95% CI of the mean.
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Discussion

Estimating distance at sea from a small boat h&terigally been considered a problem (Congioal.
2000). One way to overcome this is by means ofsarlaange finder. In this study researchers
inevitably improved their ability to calculate distces of an object (buoy) from the experimentat boa
when compared to the distance measured using a Hasge finder. This insignificant difference
between observer-estimated distance and that detminvia a laser range finder, allowed the

experimental boat approaches to dolphin group& tcomducted with acceptable precision.

During all experiments the experimental boat wasahly boat that accompanied the dolphins. Hence,
this research has focused specifically on undedstgrthe effect of a boat on dolphin behaviour gsin
before-during-after (BDA) technique of experimeistat As the original behavioural state was
undisturbed, this offered a suitable control fa& &xperiments.

It has been suggested that changes in behaviouatale to risking animal well-being (Duffus and
Dearden 1990). Morton and Griffiths (1985) suggesteat compromised well-being is more likely
when more than one aspect of the behavioural @peris altered, irrespective of whether the
consequences are short or long-term (Morton anffit@si 1985). This research showed no significant
changes in the behaviour of bottlenose dolphinsDaffoan, with no apparent effect from either the
type of boat approach or the distance betweendhéednd focal group. Although feeding and milling
was observed to decrease following two approackstyglow 80 and fast 20) with a concomitant
increase in travelling it appeared that this wastue to the boat having a negative response htttth
could have been due to prey availability. Furtheamevhen overall frequency of occurrence of each
behavioural category was compared to the “con{i©Hapter 3), slow travel and feeding increased by
16% and 3% respectively, again suggesting thaethegerimental boat approaches produced minimal
harmful affect on the dolphins. If the boat negaljnimpacted the dolphins we would expect feeding
to decrease and fast travel to increase, but thssiwt so. An increase in feeding is unlikely taHoe
result of boat presence and could be linked to gbsiuin prey distribution and movements within the
research area between the control and experimpet&ds. As bottlenose dolphins are primarily
opportunistic feeders (Chapter 3; Cockcroft and sRG@990), changes in prey abundance and
distribution would affect time spent feeding inanea.
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The results from this study do not concur with thesported for similar studies investigating datphi
responses to boat traffic. In New Zealand, the Bfaltsound population of dolphins increased the
time spent travelling while socializing halved arebting decreased from 11% to 1% following
disturbance (Constantiret al. 2004). Similarly, Lusseau (2003) and Allen (20053h observed an
increase in travelling but a complete absence sting behaviour for bottlenose dolphins following
experimental boat approaches off New Zealand andtralin, respectively. As resting was not
observed at all within the Durban bay study aredemtial changes in this important behaviour could
not be assessed in the current study. Considdratddurban Harbour is the busiest port in Afri¢as i
understandable why dolphins would not rest in tharshore waters of the Durban bay and use the

area primarily as a thoroughfare (Chapter 3).

In this study, behavioural change was based onhdolgonsistency in movement and group
cohesion/dispersion responses. With respect to ment consistency, focal groups maintained their
speeds and course change did not significantly. voyphins inevitably slowly travelled through the
area suggesting that these animals are ‘comfoitalitle the presence of a boat. The intensity of the
reaction may, however, be influenced by the typbaztt. Richardsoet al. (1995) and Tyack (1998)
found that engine size and consequent underwatse ntay be a source of disturbance given cetacean
reliance on acoustics for communication, orientatiad predator/prey detection. Furthermore, Bejder
et al. (2006) suggested that vessel size could also ppdsiba source of disturbance, and larger tour
vessels are likely to be more intrusive than redearessels with smaller quieter engines. This
difference in response to vessel type was higteigtiy Mattsoret al. (2005) who found that dolphin-
watching boats, motor boats, shrimp boats andkjstvariously affected the group size and behaviour
of dolphin groups. Contrastingly, Rogast al. (2000) found that the Shanon Estuary dolphins
themselves would initiate interactions with shipsl gachts, but no judgment could be made on the

disturbance level.

Although vessel size may influence how dolphinstel appears that vessel speed also influences
dolphin responses. Liret (2001 — as cited in D&0@2) found that adult bottlenose dolphins were
attracted to boats that were travelling at speedatgr than 5 knots, and the duration and distahce
the interaction increased if the boat tried to apph the animals. It appeared that slow passintsboa
or small boats did not stimulate a positive reactionong the dolphins because they do not have a
sufficiently sizeable wave or wake. The sub-adalts the first and among the most often in the
interaction, while females accompanied by new-bdeep their distance. This means that different
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individuals (determined by age and gender) mayaredmlifferently to boat approaches. Although our
experiment showed that a small boat travelling atenthan 40 km/hr did not cause a disruption in
behaviour, the age and gender of the dolphins exptisthis experiment are unknown. However, it is
to be expected that females with calves would bstmensitive to any form of disturbance and would
avoid the boat immediately or after few minutesapproach, whereas, sub-adults and adults would
continue their original behaviour until the boasispected as a threat and then move away from the

boat or area to be less exposed.

If animals perceive a situation to be threatenihgy are likely to adopt avoidance strategies simad
those observed when escaping a predator (Lima #dhd@d990). Cetaceans can respond by displaying
vertical or horizontal avoidance. As we could netard the underwater behaviour of bottlenose
dolphins during these experiments, our data focoselorizontally exhibited behaviour. Bottlenose
dolphins in the current study did not alter thethlviours when approached by the boat nor did they
increase travel behaviour or group speed. Althotlidh dolphins did not exhibit any dramatic
movement away from the boat, the group dynamicsgdé when the boat approached with a
decreased dispersion leading to an increase inokclemsity. Additionally their overall time spent
(46.9 min) in the Durban bay was not significardliferent to the time spent by the dolphins during
the control period (43.5 min). The above resultidate that these animals became aware of the boat
but did not identify it as a threat.

Short-term behavioural responses of delphinidsomtdhave been illustrated in previous studies, for
example, influences on breathing synchrony (Haettial. 2003) including changes in inter breathing
intervals (Janik and Thompson 1996) and dive ti(hgsand Leung 2003; Lusseau 2003a; Janick and
Thompson 1996), changes in swimming direction (Ad BRerryman 1982; Nowacek al. 2001) and
increase in swimming speeds (Kruse 1998, Nowatak 2001) and vocalisation rates (Scarpeical.
2000; Lemoret al. 2006). As the data from the present study off Rartid not indicate any of these
recognised short-term avoidance responses, thegoticsupport the notion that the dolphins off
Durban avoid boats. This could be because thisdh 8 heavily used area. There are approximately
800 small vessels registered at Durban Underwdtdr énd Durban Skiboat Club and an additional
4000 boats registered with the National Ports Adtyh¢personal comms. NSRI 2007). This excludes
the ship traffic from the harbour. It is therefdrgpothesised that this bottlenose dolphin populiatio
could be ‘habituated’ to boats, particularly comsidg that Durban has the busiest port in Africa.
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Unfortunately there are no long-term data to ingicevhether there has been a change in total
population size using the Durban bay, or whetherethas been a change in habitat utilization by the
Durban dolphins following recent increased vess#fit. The estimated population of approximately
200 bottlenose dolphins using the Durban bay wat@omonman 1998) may be close to what the
habitat can support, particularly as there is kuiteef structure within the Durban bay, which wioul
limit their ability to target the reef-associaterey that they appear to prefer (Cockcroft and Ross
1990; Peddemors 1995).

The plasticity of bottlenose dolphins to variousrtam-induced disturbances has been indicated by the
variation in their response. Gerrodette and Giltmg1990) found that animals may abandon the area
that was once preferred as long as disturbancéstserSimilarly, long-term sighting records in Shar
Bay shows shifts in habitat use away from the areehich dolphin watch boats operate (Bejdeal.
2004). Habitat shift is a form of avoidance andptiols may remain in an area of vessel disturbance
while responding behaviourally to minimise impa(@&jderet al. 1999). Bottlenose dolphins near
Clearwater, Florida, decrease their use of prinfagding grounds during periods of heavy vessel
activity but re-inhabit the same area when trafficeduced (Allen and Read 2000). In Fiordland, New
Zealand, tour boat presence also only displacettehose dolphins for a short term (Lusseau 2004).

As anthropogenic activity has been shown to digptialphins from their areas of residency, preferred
habitat or areas either used temporarily or permnet was important to define critical areas the
bottlenose dolphin population off Durban (Chapteb&fore a boom in the dolphin-watching industry
in this area occurdolphins fed throughout the study area but spergtrabthe time feeding near
reefs, which are located near the harbour entralReeding is an important behaviour in the
activity budget that, most likely, would be affattey boat traffic and/or changes to the harbour
entrance. These data suggest that government cesmanagers should consider excluding this
area from future boat-based dolphin watching liesnsrhis is supported by Allen and Read
(2000) who observed a decrease in use of prima&girig habitats during high vessel activity.
New Zealand, determining critical habitat allowes) Kocations that needed to be safe guarded under
the Marine Mammal Protection Regulations (Lussead ldigham 2003) to be identified and thus
permitted the management of dolphins under only pieee of legislation (Lusseau and Higham
2004). Such an approach was successful in redudawjor's dolphin Cephalorhynchus hectojri
bycatch in gill nets (Slooteet al. 2000) and in Canada this helped to minimise bdatactions with
killer whale Qrcinus orcd in an ecological reserve (Kruse 1991; Williaetsl. 2001).
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Whilst Durban is used as a thoroughfareTfoaduncusit also serves as a small-scale feeding ground
(Chapter 3). Future persistent disturbance haspttential to displace these animals which will
potentially have significant consequences on thlityabf the resident dolphins to obtain sufficient
nutrients to survive. Displacement could reduce dtze of their home range, cause individuals to
move to less favourable areas which in turn coadehsignificant impacts on their energy budgets,
survival and reproductive success (Bejder 2005hcé&ibottlenose dolphins are social animals
(Smolkeret al. 1992; Connotet al. 1992; 2000), disruption of social bonds througtpltisement of
individuals as well as their offspring which continto use their natal ranges as adults (Coehat.
2000) may have far reaching problems in the lomgrtéusseau and Newman (2004) showed that the
disappearance of a key member in Doubtful Soundded division of two sub-communities which

were affiliated by a few common individuals.

This study off Durban suggests that boats do ne¢ lsanegative impact on the dolphins using this bay
and that a regulated increase in dolphin—-viewingraiors may not be detrimental to this population.
However, it is not known how short-term respondasiéate into long-term impacts. To prevent far
reaching future negative repercussions, precautjomeasures should be taken into account. It is
therefore proposed that the closest distance tbat-msed dolphin watching vessels should be
allowed to any dolphin group be 50 m. In this wdigrts would be satisfied, thereby ensuring a
dolphin watching industry could sustain itself, ighminimizing impacts on dolphin behaviour and
society. However, it is proposed that a detailedistshould be carried out to assess the degree of
habituation of this population to different vessatsimber of vessels near a group and length of

interactions.

Another consideration to regulating dolphin viewimgrmits off Durban is the time that dolphins are
sighted — i.e. from dawn to approximately 11:00 @@mapter 3). Irrespective of the number of
operators, clients appear to have a 4 to 5 hourdwiv period” in which to view these animals. Owing
to this, most operators will depart in the earlyrniogs trying to maximise their time and effort in
searching and viewing. This may lead to almosbpéirators in close proximity to one dolphin group
at the same time. Along the coast of llan Countgiwan, Chouet al. (2004) reported eight boats
around one group of dolphins and a preliminary wtticere showed that the critical distance for
behavioural change of dolphins was 50-100 m. In mfias, a population of 12 dolphins are
surrounded by approximately 30 commercial dolphataling boats throughout the day (personal
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comms. Sauzier 2007). This indicates the importapsicéncluding maximum boat numbers and

distance of approach in any future dolphin watchigmulations in South Africa.

Without long-term data for Durban, it remains uacles to whether or not short-term responses or
increased vessel traffic (no data available) wquiove detrimental over time. Intrusive, persistent

and unregulated vessel traffic that focuses on alsimhile they are resting, feeding, nursing their

young or socializing can disrupt those activitiagl @ossibly cause future long-term problems. Bejder
(2005) linked short-term changes in sociality andvements to long-term impacts on bottlenose
dolphin habitat use and reproductive success. ladfdhat there was a decline of 14.9% in the
number of dolphins using the impact site when thenlper of tour operators increased to two

(excluding the research vessel). These data highlige importance of our study in obtaining base-
line data prior to the initiation of any major bdstsed dolphin watching industry off Durban.

The boat-based dolphin-watching tourism in Durbarpiiesently very small (two operators) when
compared to other established areas where resiémials are located. This study could therefore
serve as baseline for scientific research. Giverptiolonged period of time required to detect tsesimd
population size and habitat use, and a potentiaéase in commercial dolphin-viewing operatorss it
imperative that guidelines for dolphin viewing slibbe formulated, implemented and regulated as
soon as possible. It is suggested that Durban dmulgsed for a long-term study on this populatien a
such research is important not only because cetacaé@ long-lived but also as these animals are
resident to the “greater” Durban area, with sontividuals being sighted for over 20 years (Chapter
1). Additionally, long-term results always shed mar-depth light on the interpretation of shortter
results. In conclusion, Bejdest al. (2004) stated, “An absence of a long-term perspectiill
undermine management efforts when moderated shiont-behavioural responses to anthropogenic
stimuli are erroneously interpreted as positivecontes for targeted animals.” But the oppositeds al

true — a short-term behavioural change is not ey an indicator of a negative impact!

Finally, it should be noted that this study hasrbeeique in that, unlike bottlenose dolphins in Bagy

of Islands (Constantinet al. 2004), Fiordland (Lusseau 2004), Shark Bay (BeR#5) and Port
Stephens (Allen 2005), dolphins off Durban do nepresent a tourism-exposed population of
cetaceans. In conclusion, it is believed that #wilts from this study indicate potential for congd
sustainable boat-based tourism on the ‘local’ botike dolphins, but that this should be regulated a

monitored prior to the establishment of a largeustdy.
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The dolphins occurring off Durban are amongst thestthreatened in the province of KwaZulu-
Natal. Contributing factors to their decline areig0ing incidental captures in shark nets (Cockabft
al. 1991; 1992; Peddemors 1995; Peter 2007), high oddarine levels e.g. DDT and PCB's
(Cockcroftet al. 1989), siltation of near-shore reefs (Martin 198l over-fishing of their prey (van
der Elst and De Freitas 1988). Furthermore, themi@t increase in boat-based dolphin watching
tourism and its impacts could add to these cortirigifactors (at present, there are only two omesat

in the Durban region). International studies onaceans have documented that boat disturbance
include changes in: surfacing, ventilation and diagterns (Janik and Thompson 1996; Nowaskek
al. 2001; Lusseu 2003; Lemart al 2006), swim speed, course and orientation (Begtled. 1999;
Williams et al 2002; Bejder 2005; Lemagt al. 2006), group dispersion/cohesion (Bejdeal 1999;
Nowaceket al 2001; Bejder 2005), behavioural states/activitgdets(Constantine and Baker 1997;
Lusseu 2003; Samuels and Bejder 2004; Bejder 2@0m®) ranging patterns and habitat use (Allen
and Read 2000; Samuels and Bejder 2004; Bajtlal 2006). As baseline data for many studied
populations are anecdotal, lacking or insuffici®amuels and Bejder 2004; Bejder 2005), this work
is one of the first studies in dolphin-boat int¢i@t research prior to an increase in the boatdase
whale and dolphin watching industry. This studgrigcial in allowing future comparisons of dolphin
use of the Durban bay region following the antitgoboom in the boat-based cetacean watching

industry.

Land-based theodolite tracking was undertaken énDhbrban bay to define the natural distribution,
habitat utilization and behavioural patterns oftleobse dolphins in the area (Chapter 3). Thesa dat
were subsequently incorporated in experiments terghigne dolphin reactions to boat approaches to
obtain an estimate of the impact of boat interastion the population (Chapter 4). Unfortunately,
since this research was primarily land-based, tlstmital tool in dolphin research, i.e. reliable

recognition of individuals, could not be employedthis study. The incorporation of such data would
have allowed more stringent analysis of whether ghmups tracked comprised ‘new’ or ‘naive’

dolphins. As determination of the ‘natural’ behawriavas paramount in this study, it was deemed
inappropriate to approach the dolphins by boat Ibtaio photographs of individuals as these
approaches may influence the data collected. Homvete importance of photo-identification

techniques is recognised and its role in allowinggtterm studies of individuals and groups of

dolphins is critical to further elucidating thediw of these animals.
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During long-term studies, the number of individuatsa population being studied are regularly
monitored using this technique of photo-identificat (e.g. Sarasota, Monkey Mia). This constant
monitoring makes use of different researchers dwee. Therefore, measurement of photographic
guality and individual distinctiveness for photeitdification analyses (Chapter 2) was incorporated
this thesis to provide an additional data set foalygsis and development of my skills. Chapter 2
therefore looked at the reliability between reskears, with differing levels of experience in photo-
identification techniques, in scoring photographigality and identifying individual dolphins (i.e.
scoring the degree of serrations and pigmentatioaither edge of the dorsal fin, including, cougtin

the number of notches and calculating the Defréo)ra

Since photo-identification is valuable to the stuafywild populations, it was necessary to assess if
researchers obtain the same information from timeesphotograph. Surprisingly, researchers were
unable to reliably quantify variables of photo diyahnd individual distinctiveness, but experienced
researchers were found to be more adept than irierped researchers in counting notches on the
dorsal fin of bottlenose dolphins. These notchesiraportant in assisting to identify individualsan
population and if an error occurs, the animal Ww#l incorrectly catalogued. This in turn will affect
abundance estimates as well as studies on sodititymakes use of this technique. These results
therefore highlight the necessity for researchetsettrained in photo-identification techniqgueoptd
carrying out their study. Recently, a computersissi programKinscar) was developed to analyse
digital images of dolphin dorsal fins. For the effee use ofFinscan training and experience in

photo-identification has also been found to be ssa@ey (Gailey 2001).

In an effort to determine the effects of boats olpkin behaviour, the activity budget of undistudbe
dolphins had to be ascertained. In Chapter 3, theilmition, movement patterns and behaviour of
bottlenose dolphins were monitored from land usingheodolite within DurbanDolphins were
observed throughout the bay with most groups bsighted before midday and in water depths
less than 30m. Five major behavioural categorieee vabserved; slow travel being the most
dominant followed by feeding. These data imply thitiphins mainly use the bay as a
thoroughfare. However, inter-dependency betweewvekrand feeding seems to be prevalent.
Feeding activities comprised 27% of the activitydget and occurred mainly during the early
morning and late afternoon. Although dolphins fadotighout the study area, the time spent
feeding was greatest near reefs, which are logated the harbour entrance. The importance of

feeding within the activity budget, the decreassd of primary feeding habitats during high
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vessel activity (Allen and Read 2000) and the hnglidence of feeding near the harbour, indicate
that feeding is an important behaviour that, mi&y, would be affected by boat traffic and/or
changes to the harbour entrance. These data sugégiovernment resource managers should

consider excluding this area from future boat-bak®ghin watching licenses.

There has been dispute over whether or not thedtapaf boat-based cetacean tourism on target
animals are small enough to justify its continueglvelopment and promotion as sustainable
ecotourism (Orams 1999; Samuels and Bejder 200#ho#gh whale and dolphin watching off
Durban is very small (currently only including twperators), Durban is the busiest port in Africa. |
Chapter 4, land based surveys were carried oubserge the effects of an experimental boat on
bottlenose dolphins off Durban. Short-term charigdsehaviour, group speed, group size and spread
were not significant during slow and fast approachied for approaches to a close distance. Dolphin
groups continued with their ‘normal’ behaviour asmkent the same amount of time in the bay when
compared to their distribution and behaviour in #bsence of the experimental boat (Chapter 3).
These results are in contrast to those documemtedbdttienose dolphins in other locations (e.qg.
Lusseau 2003b; Constantiee al. 2004; Bejder 2005). Constantine (1995) found teaponses vary
between species and tourism location to dolphirckiay activity. Most previous studies were carried
out in enclosed bays with high incidences of wreaie dolphin watching, whereas Durban has an
open, fully exposed coastline and dolphin watchsginimal. This could suggest that the dolphins
have not learned to avoid boats following histdricarassment. However, Durban has a very high
incidence of boat traffic, suggesting any learnedative response would have been present in the
local dolphins. Alternatively, these results comigbly that exposure to high levels of boat traffince
birth could desensitise dolphins. In order to sigfitly test these hypotheses, future researchidhou

be conducted in an area where dolphins are nctmilyrexposed to high levels of boat traffic.

Albeit that boat-induced impact was not found, #swuncertain if resident or transient animals were
tracked and exposed to the experimental approa¢hasre dolphin tourism impact studies should
attempt to incorporate photo-identification studiesdentify which animals use the area and which
individuals are experimented on. Furthermore, lhaated research using different types of boats with
different engine sizes should be conducted to oeter any potential optimum combinations to allow
development of a sustainable boat-based cetace@hing industry. Additionally, future research
should include periods where dolphins are followed as long as possible to analyze the time
required until a negative response in dolphin bihanvs recognised. This will help in regulatingeth
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industry by permitting certain types of boats toused, as well as the time limit dolphin operators
may spend with a dolphin group. Such a study cbeldiifficult as suitable land-based sites allowing

long-distance tracking of dolphins and/or boatsdiffecult to find.

Finally, although this study suggested that thetldrdse dolphins using the Durban bay were
potentially extremely habituated to boat approachessibly as a consequence of the busy port and
high vessel traffic, caution should still be takeimen designing future industry-related regulatidre.
avoid potential future detrimental impacts on thdséphin groups, the boat-based dolphin viewing
industry should be permitted and the Marine LivRgsources Act should include a 50m minimum
distance between dolphin viewing operators and lphito group. Future research would help in
formulating additional guidelines as stated abdvshould be remembered that the overall goal of
management strategies designed to control interabitween tourists and the natural environment is
twofold: first, to protect the environment from detental impacts and, second, to provide for and

promote enjoyable tourist experiences (Orams 1995).
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