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“A quiet day: Chilean dolphins surface in fronttbé village Yaldad.”
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ABSTRACT

Information on the ecology of sympatric speciesvles important insights into
how different animals interact with their environmewith each other, and how they
differ in their susceptibility to threats to thervival. In this study habitat use and
population ecology of Chilean dolphin€egphal orhynchus eutropia) and sympatric
Peale’s dolphins Liagenorhynchus australis) were investigated in the Chiloé
Archipelago in southern Chile from 2001 to 2004stBibution data collected during
systematic boat-based sighting surveys revealedstina pattern of small-scale
habitat partitioning, probably reflecting differeascin foraging strategies and habitat
preference. Chilean dolphins were sighted congigtenthe same selected bays and
channels in southern Chiloé. Peale’s dolphins wvaéstibuted over wider areas, and
were more frequently encountered in central ChiBpatial overlap between both

dolphin species and mariculture farms (for musaats salmon) was extensive.

Predictive habitat modelling using logistic regiess in a model selection
framework proved a usefool tool to determine aitibabitat from absence-presence
data and enviromental parameters. Chilean dolptrieterred shallow waters (< 20
m) close to shore (< 500 m) with estuarine infleerféeale’s dolphins also occurred
predominantly in shallow nearshore waters, butgsretl more exposed shores with
sandy shoals and were found further from rivers angsel farms than Chilean
dolphins.

Analysis of ranging and movement patterns reveahedll-scale site fidelity and
small ranging patterns of individually identifiabl&hilean dolphins. Individuals
differed in their site preference and range oveslaggesting spatial partitioning along
environmental and social parameters within the fadmun. Individual Peale’s
dolphins were resighted less regularly, showed dintjted or low site fidelity and
seemed to range beyond the boundaries of the clstisdy areas.

Mark-recapture methods applied to photo-identifaradata produced estimates of
local population sizes of 59 Chilean dolphins (9% 54 — 64) and 78 Peale’s
dolphins (95% CI= 65 — 95) in southern Chiloé, 428 Peale’s dolphins (95% Cl=
97 - 156) in central Chiloé. An integrated preaanairy approach to management is
proposed based on scientific monitoring, envirortaleaducation in local schools,
and public outreach to promote appropriate conservastrategies and ensure the
dolphins’ continued occupancy of important coalstdiitat.
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Chapter 1 Introduction: Setting the scene

1.1.COMPARATIVE ECOLOGY OF SYMPATRIC DOLPHINS

Similar species that co-occur are thought to comgdet resources unless they
occupy different physical locations and/or useedéht strategies to exploit these
resources (Roughgarden 1976). Co-occurrence ofaiwmore species in the same
geographic area, i.e. sympatry, is common in themaanvironment where important
resources such as prey are clumped and patchilyibdied. Studies on the
distribution and habitat use of odontocetes (tabtlvbales) have revealed a range of
strategies of co-occurrence based on habitat aswlree partitioning (reviewed in
Bearzi 2005a). However, only a handful of sympapagpulations of dolphins have
been well investigated in the field (Baied al. 1992, Fordet al. 1998, Haleet al.
2000, Herzinget al. 2003, Bearzi 2005b).

Inter-specific interactions range from co-occureeme the same habitat (without
direct interactions) to the formation of multi-spesc groups with coordinated
activities. In cetaceans, direct inter-specificeraictions are usually short-lived, but
notable exceptions of inter-specific long-term assons of the same individuals
exist (Baraff and Asmutis-Silvia 1998). The natofenter-specific interactions is not

always clear but interactions can be broadly chieraed as:
a) cooperative, e.g. foraging (Norris and Dohl 198@irsiy 1986),

b) competitive, e.g. for food (Shane 1995, Herzing dmlohson 1997),

c) social-sexual, in the most extreme case resultmgnter-specific mating and
hybridization (Reyes 1996, Baial al. 1998),

d) aggressive-sexual, e.g. lethal inter-specific atgons as misdirected intra-
specific infanticide behaviour (Pattersetnal. 1998),

e) anti-predatory, e.g. safety in numbers, particylarloceanic dolphins (Norris and
Dohl 1980, Acevedo-Gutiérrez 2002),

f) predatory, e.g. killer whaleOfcinus orcg predation on other cetaceans (Jefferson
et al.1991).
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The nature of inter-specific interactions is comgpecific and depends on many
extrinsic (e.g. prey abundance) and intrinsic (egtivational state of the individuals
involved) factors. For example, behavioural intéoaxs of the same pod of killer
whales with other cetaceans ranges from directrant®ns such as predation,
harassment, feeding in the same area (e.g. eXpoitaf the same or associated prey
species), play through to non-interactive co-oamge (Jeffersoret al. 1991).
Bottlenose dolphins were said to “exclude” spindelphins Stenella sp.from their
shared daytime habitat when engaged in foragingbetr (Herzing and Johnson
1997). When not foraging, however, both specieswseen socializing together.

In general, sympatric species tend to avoid cortipetiby using behavioural,
dietary and physiological habitat specializatioBedrzi 2005a). Habitat use patterns
have been investigated by relating dolphin distidsuand activity patterns to fixed
oceanographic factors (Polacheck 1987, Selzer aamgheP 1988, Gowans and
Whitehead 1995, Bearzi 2005b), temporally variapleysical and/or chemical
properties (Reilly 1990, Ballance and Pitman 19R8illy et al. 1998, Brageeet al.
2003) and/or indications of biological productivig@mith et al. 1986, Griffin and
Griffin 2003). Correlations between cetacean distion and environmental variables
are unlikely to represent direct causal relatigmshbut most likely reflect effects of
oceanographic features on prey densities (Reill9019Griffin and Griffin 2003,
Johnstoret al. 2005).

Habitat use can vary in relation to the dolphing-history requirements and
variability in resource availability, such as sea@door diurnal changes in prey
distribution. Such temporal variability is usuafigflected in ranging and movement
patterns (Irvineet al. 1981, Wiursiget al. 1991, Defranet al. 1999, Stevicket al.
2002). Thus, investigations of sympatric ecologyuiee information on a variety of
ecological aspects at the individual species level.

Insights into sympatric ecology can highlight spsespecific differences in
exposure to human impacts, such as fisheries Hy¢atall 1998), and vulnerability
of the different populations. Combining informatifnom distribution, ranging and
habitat use patterns yields implications for comsgon and management. These data

can inform decisions about the location and sizecofiservation areas where
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restrictions are to be placed on commercial or shdll activities to protect cetaceans
from direct or indirect take (Dawson and Sloote83,9Hookeret al. 1999).

In this thesis, habitat use and population ecologfy Chilean dolphins,
Cephalorhynchus eutropiaand Peale’s dolphind,.agenorhynchus australistwo
small coastal delphinids sympatric throughout seuthChile, are investigated.
Limited data exist on any aspect of the biologytledse sympatric species. The
relevant information available for each speciesnfioublished and grey literature is
reviewed here to provide the background for theaesh detailed in the subsequent

chapters.

1.2.BIOLOGY OF CHILEAN DOLPHINS

1.2.1. Systematics

Chilean (or black) dolphins belong to the gerephalorhynchugDelphinidae,
Cetacea), which comprises four strictly coastalcE®e scattered widely in cool
temperate latitudes of the Southern Hemispherevisida’s dolphins €. heavisidi)
are found around the tip of South Africa and albimg west coast to Namibia (Best
and Abernethy 1994). Hector’'s dolphin€. (hector) are endemic to the inshore
waters of New Zealand (Baker 1978). Commersonghiiag (C. commersonjioccur
along the Argentinean coast, in Tierra del Fuegoured the Falkland Islands, and
also have an isolated population at the Kerguelantls in the Indian Ocean
(Goodall 1988). Chileadolphins (C.eutropig are endemic to the coastal waters of
Chile (Goodalkt al. 1988).

Pichler et al. (2001) suggested monophyly f@ephalorhynchusand a pattern of
radiation by colonization in a clock-wise directifmilowing the West Wind Drift
with origin in South Africa. Chilean and Commersololphins are thought to have
speciated along the coasts of South America duwimg of the many glaciations of
Tierra del Fuego (Pichleet al. 2001), and are now largely allopatric except for
limited geographical overlap in Tierra del Fuegm@@allet al. 1988).

1.2.2. Morphology

Chilean dolphins are small and chunky animals liled members of
CephalorhynchusMaximum length measurements taken for 59 ind&lslwere 165
cm (range 123 - 167 cm) for both males and fem@isodall et al. 1988), but
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females are known to grow larger than males inother species of the genus (Baker
1978, Goodall 1988, Best and Abernethy 1994). Beeight ranged from 30 to 62 kg
in females (n=15) and from 30 to 63 kg in males3@}«Oporto 1987b, Oportet al.
1990).

The colour pattern of Chilean dolphins is complépgendix ). It consists of
different shades of grey on the dorsal surface withangle of dark grey at the jaw
tip, dark grey eye patches, a dark semilunate fpahind the blowhole extending to a
dark rounded dorsal fin surrounded by a dark cape. ventral side is white except
for a black thoracic shield, a dark caudal peduacié a dark genital patch with sex-
specific pattern. When not surface-active Chilealpliins can be very hard to see as
their greyish colours blend in with the predomimamgrey, brown to almost black
(tannin-stained) waters in southern Chile (Heinrigérs. observation, Goodait al.
1988). Their rounded dorsal fins have proven siatafor photo-identification
purposes (this study), but the convex shape witlaodefined tip does not allow a
dorsal fin ratio to be calculated as is common wador delphinids with falcate fins
(see Defraret al. 1990).

1.2.3. Conservation status

Chilean dolphins are amongst the least known mesnbethe family Delphinidae
which includes 32 species worldwide (Jefferstral. 1993). To date there has been
no detailed study of their ecology or populatiomamwics. The existing data on
anatomy, population parameters and behaviour hage keviewed comprehensively
by Goodallet al. (1988) and Goodall (1994).

Abundance estimates are lacking, even over smaljrg@hic scales. Some authors
have suggested that Chilean dolphins might be lip¢abundant” (Goodallet al.
1988). Distribution could be patchy throughout éxtensive range. Despite the lack
of information on past and present population sizesnan impacts could have
severely reduced their distribution and abundamseetion 1.6). The International
Union for the Conservation of Nature (IUCN) listshifean dolphins as “data
deficient” due to the paucity of available informax (IUCN 2000). The current lack
of knowledge stems from their distribution (i.e.remote and/or difficult-to-survey
areas), their behavioural characteristics (i.e. btmusive and elusive), a lack of

gualified observers and a lack of funding for cetacresearch in Chile.
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1.2.4. Distribution and habitat

Chilean dolphins range along 2,500 km of Chileaastime from around Valparaiso
(33°S) in the North to Seno Grande (55°S) near Gépm in the South (Goodadit
al. 1988, Capellaet al. 1999) (Figure 1-1). Most sightings have been niaeteveen
Valdivia (39°S) and Isla Chiloé (41-43°S). Publighistribution records are based on
a handful of systematic ship-based surveys, oppistio sightings and beach-cast
specimens. The data available to date suggestsa clmastal distribution confined to
shallow inshore waters, as is true for congenegctét’s dolphins in New Zealand
(Dawson and Slooten 1988). However, in the absefcgystematic aerial or ship

surveys the distance to which the dolphins rangghofe remains unknown.

Within their extensive range Chilean dolphins ocitua variety of habitats. They
have been sighted along the open coast with expdsurpen ocean swells (Pérez A.
and Olavarria 2000), in rivers several kilometrpstteam, in sheltered channels and
bays, and in the elaborate fjord systems of sontk#rile (Goodallet al. 1988). In
general, Chilean dolphins seem to prefer areas stiimg currents, especially with

rapid tidal flows, and shallow waters over bank&hatentrance to fjords.

Chilean dolphins and congeneric Commerson’s dofpbirerlap in range only in a
small part of the Strait of Magellan and in Tied@ Fuego, at the southern tip of
South America. The lack of geographic co-occurrehes been attributed to
potentially competitive exclusion and species-dpebiabitat specialization (Goodall
et al. 1988). The Pacific and Atlantic coasts of soutlfeonth America differ mainly
in their physiography. Along the Chilean (Pacifamast and in south-west Tierra del
Fuego where Chilean dolphins roam the predominardgky shores have steep
profiles deepening abruptly to 30 m or more. Wai@ms clear but dark and tea-
coloured and tidal ranges are comparatively sn2all (n). The east (Atlantic) coast
where Commerson’s dolphins occur is flat with estea shallows (e.g. 30 m depth
contour more than 2 km offshore), sediment-stiieatiers and large tidal ranges (6-13
m). Goodallet al. (1988) noted an “excellent” correspondence ofrdmgges of the

two species to these differences in habitat andiplyso differences in prey species.

Chilean dolphins are fully sympatric with Peale’sighins and Burmeister's
porpoises,Phocoena spinipinnisChilean dolphins and Burmeister’'s porpoises were

captured in the same artisanal gilinet fishery @&egnd Oporto 1994) suggesting
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overlapping use of nearshore waters. Chilean aadeBedolphins have been seen in
the same general area but usually do not seemstuciate (Goodalkt al. 1988,
Olivos and Delgado 1990, Lescrauwaet 1997).

1.2.5. Movement patterns

Seasonal or migratory movements have not yet beeestigated. Year-round
observations at Yaldad (43°08'S), Isla Chiloé (@&thy and Medina 1991) and
Queule (38°23’S) (Oporto 1988) suggested that @hildolphins were more abundant
in shallow inshore waters (< 20m) during austraingp and summer (October to
March). During winter (June-August) fewer or nogtohs were recorded in the same
areas. Both studies hypothesized that Chilean dwphight move offshore in winter
following the movements of their inshore prey spscor switching to other prey
items due to a lack of inshore prey. However, die€Chilean dolphins has not been
investigated systematically. Neither the observetiby Crovetto and Medina (1991)
nor by Oporto (1988) were corrected for unequasseal and spatial sighting effort
nor did either study include offshore or alongshsueveys. Opportunistic sightings
have reported the year-round presence of Chilephiohs in various areas throughout
their known coastal range (Goodetlal. 1988).

Seasonal inshore-offshore movements, possiblyecklad prey movements, have
been suggested for other small cetaceans in souffwrth America, such as Peale's
dolphins (Goodallet al. 1997b), Burmeister's porpoises (Goodsllal. 1995) and
Commerson's dolphins (Goodall 1988). Recent phagaotification work on
Commerson’s dolphins near Rawson in Argentina mi@e seasonal along-shore
movements of at least 200 km distance for somevithgials of a seemingly resident
population (Moraet al. 2002, Coscarella 2005). Despite wide-ranging photo
identification surveys there is no evidence of laligfance along-shore movements in
the well-studied congeneric Hector's dolphins. Thest extreme distance between
two sightings of the same individual is 106 km (@&et al. 2002). Hector’s dolphins
usually have limited ranges extending for aboukB80of coastline and remain in the
same area year-round (Bragsr al. 2002, Dawson 2002). However, some groups
seem to spread further offshore in the winter duedet is a general inshore movement
of dolphins in the summer, especially into shelidvays and harbours (Dawson 1991,

Bejder and Dawson 2001). Diurnal movements haven lsegygested for Hector’s
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dolphins at Banks Peninsula which seemed to be ngowishore into the sheltered
harbour in the morning and towards the open s#aeievening (Stonet al. 1995).

1.2.6. Prey

The possible diet of Chilean dolphins has beenrdest only from a small sample
of dolphins by-caught in a coastal set-net fishedong the open coast (Oporto 1985,
Oporto et al. 1990). Stomach content analysis revealed the pcesef sardines
(Strangomera bentincki anchovetasHngraulis ringeny rébalo/Chilean rock cod
(Eleginops maclovinyscephalopodsLligo gah), crustaceandunida subrugosp
and green algaeU(va lactucg. A dolphin was maintained captive in a tank for
several days in Canal Guamblad (southern Chilod)camsumed rébalo of approx.
20cm length (Oporto 1987a). No quantitative infotiova on prey sizes and diet

composition is available.

1.2.7. Predators

Predation is unknown, but potential predators idelkiller whales Qrcinus orca)
leopard sealsHydrurga leptonyxand sharks (Goodadit al. 1988). Predatory threats
seem to be small, as neither killer whales norkshare seen regularly in the known
habitat of Chilean dolphins in the southern fjor8hark predation might be more
common along the open coast. White sha@ar¢hraodon cacharigs Pacific sleeper
sharks $omniosus pacificisand shortfin mako shark$s@rus oxyrinchusoccur in
the northern parts of the range of Chilean dolphing are known to actively predate
on other small cetaceans (Crovettoal. 1992, Long and Jones 1996). Leopard seals
are only occasional visitors to southern South Acaeand are unlikely to predate on
adult dolphins

1.2.8 Population dynamics

Group sizes are small and seem to vary most conymbetween two and 10
dolphins, with most sightings being of only threenaals (mean=11, mode=3, range
1-400; n=95; Goodakt al.,1988). The largest aggregations, with many hurglcgd
dolphins, have been reported along the open caatit of Valdivia (Oporto 1988).
For some of those sightings (e.g. from shore), hawespecies identification is
guestionable. Nevertheless it has been suggestedrbup size might vary according
to geographic location and habitat type (Goodatl. 1988). The larger aggregations
of dolphins observed at the northern limit of theainge might represent temporary
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associations of smaller groups. This merging atittiag of several small groups into
short-term aggregations has been well documenteddiegeneric Hector’s dolphins
(Slooten 1994, Slooten and Dawson 1994) and has bé&en suggested for
Heaviside’s dolphins (Best and Abernethy 1994) @odimerson’s dolphins (Goodall
1988, Coscarella 2005).

At present virtually nothing is known about thee liistory, population parameters
and population genetics of Chilean dolphins. Oppustic observations indicate
potential mating and calving seasons during thérausummer months (Goodadt
al. 1988), but the undefined terminology used (e.@lf*c “young”, “half-grown
animals”) for these sightings is inadequate to dfam conclusions. Periods of
gestation and lactation, calving intervals and aigirst reproduction are unknown. A
maximum age of 19 years was determined by courttieggrowth layer groups in
teeth from 36 stranded and by-caught specimensiriiilahd Reyes 1996).

In the absence of data for Chilean dolphins, infatiom on the biology and status of
its intensively-studied congener, the Hector’'s tolp might highlight the potential
for population impacts to the seemingly similar Bo&merican relative. The mating
system of Hector's dolphins has been described adtimale-multifemale
(promiscuous) (Slooteet al. 1993). Calves are born in the austral spring amanser
(November to February) and females produce thest ¢alf at age seven to nine with
calving intervals of two to four years (Slooten 199opulation growth models have
shown little potential for population growth undess than the most ideal conditions
(i.e. without any human impacts) (Slooten and L&B1). Genetic studies of
mitochondrial DNA control regions indicate philopatwith a low rate of female
dispersal and geographic isolation of Hector's Hwlp populations on small
geographic scales (Pichlet al. 1998). Overall population size has recently been
estimated at less than 8,000 animals, distributefbur discrete and reproductively
isolated regions (Pichleet al. 2003, Slooten 2005). Given abundance, population
dynamics and genetic information it is obvious ttie# Hector’s dolphin, the best-
known member oCephalorhynchusis vulnerable to human impacts and even local
extinction (Dawsoret al. 2001) and has a poor ability to recover from diraad
indirect threats (Martieat al. 1999).
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Figure 1-1 Distribution of the Chilean dolphifCephalorhynchus eutropiand the
Peale’s dolphinlagenorhynchus austra)isnh southern South America.
Note: Offshore distribution is unknown for both sjgs (shading indicates
maximum extent of known alongshore range, not oaotiis distribution).
Inset: Overview of Chiloé Archipelago with studyas (shaded).
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1.3.BIOLOGY OF PEALE’S DOLPHINS

1.3.1. Systematics

The genusLagenorhynchus(Delphinidae, Cetacea) to which Peale’s dolphins
belong, comprises six diverse, and probably patdaphyspecies (Wursigt al. 1997).
The taxonomic division is under revision due tadimgs from recent cytochrome-b
sequence analysis (LeDetal. 1999), but the three Southern Hemisphere sperges a
still considered closely related (new suggesgfedusSagmatias Peale’s dolphinsL(
australig have the most limited range, and are restriccedhe coastal waters of
southern South America, including the Falklandidi&(Brownellet al. 1999)(Figure
1-1). Dusky dolphinsl(. obscuru} have a discontinuous, largely coastal distributio
across the temperate Southern Ocean (includinghS&maerica, south-western Africa
and New Zealand) (Brownell and Cipriano 1999). ®heanic Hourglass dolphink.(
crucigen have a circumpolar distribution in the Southerce@n, and occur in both
Antarctic and Sub-Antarctic waters (Brownell 1999).

1.3.2. Morphology

Peale’s dolphins are stocky animals with a poiriietiinconspicuous snout. Total
length measurements ranged from 130 — 210 cm faltss (n=20) and from 138 to
218 cm for males (n=9) (Goodait al. 1997b). The heaviest animal (n=5), a sexually
mature female, weighed 115 kg (Goodaslhal. 1997b).

The general colour pattern is dark grey or blacktlmn dorsal surface, with two
areas of lighter pigmentation on the sides (Appenti The distinguishing
characteristics of Peale’s dolphins are: blackaflapatch covering snout and eyes,
simple flank patch without the dorsal and ventraink blazes found in dusky
dolphins and extension of the white abdominal field intstidictive axillary marks
(also seen irC. eutropig. The dark and falcate dorsal fin often has atligrey

trailing edge and appears well suited for photatidieation studies.

10
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1.3.3. Conservation status

Peale’s dolphins are considered the most commaacean species found around
the Falkland Islands (Hamilton 1952) and in thehare waters of southern Chile
(Oporto 1986). However, there is no informationawerall or local abundances. The
species remains relatively poorly known despitejdent sightings and dedicated
research in Tierra del Fuego and the Strait of Mage(Goodall et al. 1997a,
Lescrauwaet 1997, Viddi and Lescrauwaet 2005). 0N lists Peale’s dolphins as
“data deficient” (IUCN 2000).

1.3.4. Distribution and habitat

Peale’s dolphins inhabit the coastal waters of lseat South America, especially
the central part of the Strait of Magellan and fjbeds of southern Chile, as well as
the coastal waters around the Falkland Islands Pafeland Leatherwood 1991,
Aguayo-Loboet al. 1998)(Figure 1-1). Maximum range of sightings est® from
about 38°S on the Pacific side (Valparaiso, Chit)thward to about 59°S (south of
Cape Horn) and up the east coast of South Amesiedout 44°S (Cabo dos Bahias,
Argentina) (Crespeet al. 1997, Brownellet al. 1999), with exceptional sightings
recorded at 33°85oo0dallet al. 1997a).

Peale’s dolphins occupy two major habitats: opesstover shallow continental
shelves to the north and deep, protected bayslamhels to the south and west. They
appear limited to coastal waters less than 200 depth, but some sightings in waters
at least 300 m deep have been reported in the erargpart of their Atlantic range
(Goodall et al. 1997a). In the southern and eastern part, Ped@shins inhabit
waters very near to shore, commonly within or stvarel of Macrocystis pyrifera
kelp beds (Lescrauwaet 1997, Schiawhial. 1997). In the southern Chilean fjords,
the dolphins seem to prefer tide rips over shalbbwals at the entrance of deep bays
(Brownellet al. 1999), as has been described for Chilean dolphins.

Peale’s dolphins and congeneric dusky dolphinslapesridely in their distribution
(Brownell et al. 1999), but seem to differ in their habitat usealP's dolphins are
usually coast-hugging while the similarly pigmentéalsky dolphins have a wider
offshore distribution and appear to prefer areasr mr near the continental shelf
(Goodallet al. 1997a). Peale’s dolphins and Commerson’s dolpéaesn to associate

frequently throughout their overlapping ranges (Gabet al. 1988, de Haro and

11
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IAiguez 1997). Mixed groups have been seen swimsynghronously and engaged
in cooperative feeding (de Haro and Ifiguez 1997).

1.3.5. Movement patterns

Nothing is known about the migratory movements @dlE’s dolphins, but seasonal
movements have been suggested to occur in soms &Bdallet al. 19974,
Lescrauwaet 1997). In the central Strait of MagelRBeale’s dolphins were present
year round, but were more abundant in spring amdnser when they appeared to
move inshore for calving (Lescrauwaet 1997). Asgssted for Commerson’s
dolphins (Goodall 1988), Burmeister’s porpoises ¢@all et al. 1995), and possibly
Chilean dolphins (Goodalet al. 1988), inshore (summer) — offshore (winter)
movements could be related to the migration of sofmthe dolphins’ prey species
(Goodallet al. 1997a). As discussed for Chilean dolphins, neitifethe published
studies had equal sampling effort in winter and m@mor included dolphin surveys
in adjacent coastal areas or offshore. Hence thezgidence for seasonal changes in
abundance and differing use of inshore areas,hautlirection of movements remains

unknown.

Large scale alongshore movements of up to 780 kve baen confirmed for the
congeneric dusky dolphins (Crespo et al. 1997, WWaerebeek and Wirsig 2002,
Markowitz et al. 2004). In Argentina and New Zealgoopulations of dusky dolphins
exhibit inshore-offshore movements both on a dilana on a seasonal scale (Wursig
and Wursig 1980, Wirsig et al. 1997).

1.3.6. Prey

Peale’s dolphins are known for feeding in kelp $dsewhere divers in the Strait of
Magellan have observed them take small octopuscthasiaet 1997). They also feed
on fish in open waters beyond the kelp, often usiogperative strategies such as
circular feeding formations (Lescrauwaet 1997, &ahi et al. 1997). Only a few
stomachs have been examined (n=16), and thoseoolieeted from dolphins on the
southern Atlantic coast and in north-eastern Tigleh Fuego. About 20 prey taxa
were identified, mainly consisting of demersal d@uattom fish, octopus and squid
species which are common over the continental gireti kelp beds (Ifiiguez and de
Haro 1993, Schiaviret al. 1997).

12
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1.3.7. Predators
See Chilean dolphins, section 1.2.7.

1.3.8. Population dynamics

Group sizes are usually small and very similar hosé reported for Chilean
dolphins. Peale’s dolphins are most frequently seegroups of two to 20 dolphins,
with average group sizes varying from two to foamaals (Goodallet al. 1997a,
Brownellet al. 1999). Aggregations of about 100 dolphins havenlmdeserved east of
the Falkland Islands (Goodadt al. 1997a). As discussed for Chilean dolphins, such
large groups most likely represent only short-terggregations of several smaller
groups.

There is little information on reproduction andelihistory. Calves have been
reported from austral spring through to autumn @Det to April) (Goodallet al.
1997b, Lescrauwaet 1997). The maximum age detedrinoen growth layer groups
in the teeth was 13 years for a physically matanedie (Goodall 2002).

More information exists for congeneric dusky dolghiwhich differ from Peale’s
dolphins in their schooling behaviour (group sizasy between 40 and 200 animals
with aggregations of more than 3,000 dolphins regayrand their distribution (further
offshore). Dusky dolphins show marked differencas reproductive behaviours
between geographically distinct populations (Wuetigl. 1997, Van Waerebeek and
Wiirsig 2002). In Peru and New Zealand, most duskgtdn calves are born during
the winter whereas in Argentina (where dusky analé®& dolphins overlap) summer
is the prime birth season (Van Waerebeek and W2g). Age at first reproduction
for both males and females varies between four @gtt years, depending on
geographic location and possibly density-dependeffiécts caused by heavy
exploitation and EI Nifio (Chavez-Lisambart 1998,nV@&/aerebeek and Wiirsig
2002).

1.4.CONSERVATION THREATS : PAST AND PRESENT HUMAN IMPACTS

Current understanding of the status and ecologgmodll cetaceans in Chilean
waters is minimal (Aguayo-Lobet al. 1998). Little is known of the nature and extent
of the many potential human impacts on their pamris. Direct take, incidental
bycatch in coastal gilinet fisheries, over-explda and destruction of coastal habitat

13
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seem to represent the most pressing conservatiocents (Goodall and Cameron
1980, Oporto and Brieva 1990, Reyes and Oporto,198dke-Gaete 2000).

Chilean and Peale’s dolphins, along with other nermammal and sea bird
species, were taken extensively for bait in commeéfisheries for centolla/southern
king crab (ithodes santollpand centollon/false king craPdralomis granulospin
southern Chile (Goodall and Cameron 1980, Cardehas. 1986, Lescrauwaet and
Gibbons 1994), and to a lesser extent for humasuwaption (Aguayo-Lobo 1975).
The number of dolphins killed for bait purportedigclined from a “guestimated”
4,120 dolphins taken in 1979 (Torres Navaetoal. 1979) to 600 dolphins in 1992
(Lescrauwaet and Gibbons 1994). Direct take for bhaw seems to have ceased due
to more restrictive legislation, changes in fishimgthods and target species, and

cheap alternative bait sources (Lescrauwaet ando@#1994).

Small cetaceans have officially been protectedhiieGsince 1977 (Cardenas al.
1986, Torres 1990). Under the amended “Ley de Cémnaiting law), which came
into force in 1993, all cetaceans are now consdlerémanageable resource” and
their direct take or targeted killing has been leahfior 30 years (Iriarte 1999).
However, enforcement of the existing legislatiors Haeen notoriously lacking.
Incidental take, such as entanglement in fishingr,gis not monitored and fisheries-
related mortalities of cetaceans do not have t@perted.

Chilean dolphins, Peale’s dolphins and dusky dolphas well as Burmeister's
porpoises are known to have been taken incidentallyoastal gilinet fisheries in
Chile (Reyes and Oporto 1994, Aguayo-Lobo 1999n+1988 to 1990 between 32
and 63 Chilean dolphins, as well as 1-2 Peale’phdio$ and around 64 Burmeister’s
porpoises, were caught annually in a small artisgitiaet fishery for sciaenids and
rébalo operating from one fishing port (39°-40° i8)central Chile (Oporto and
Brieva 1990, Reyes and Oporto 1994). By-caughttdofpwere often used as bait for
conger eelGenypterusspp.) fishing or consumed by fishermen. Carcasgeval or
bycatch reporting programs have not been implendeimteChile. Thus the past and
present extent of direct and indirect take caneoqumntified reliably.

Anecdotal evidence suggests that the distributimhabundance of at least Chilean
dolphins may have changed during the last decddesdolphins’ present distribution

14
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appears to be relict, at least in part of theirvknaange, as is suggested by their
disappearance from the Rio Valdivia (Hucke-Gaet@20Chilean dolphins had been
regularly and reliably sighted in this area in poers years. Causes for the observed
"disappearance" of the dolphins are unclear, bawincided with increased industrial
activity (i.e. wood chip processing), salmon farghand shipping traffic in the area.

Mariculture activities, especially the farming @fli®on, oysters and mussels, have
been increasing in Chile since the early 1990'a aate unrivalled elsewhere in the
world (Hernandez-Rodriguezt al. 2000). In 2004, Chile produced around 570,000
metric tons of farmed salmo®&Imo salaandOncorhynchusp.) and approximately
107,000 metric tons of farmed shellfish (SERNAPES2304). Over 80% of all
mariculture activities are located in the™Begién of Chile and most farms are
concentrated in the coastal waters of the eastbilnéCArchipelago (SERNAPESCA
2004).

The ecological effects of salmonid and shellfistnfs.on the adjacent ecosystem are
vast and varied and have been discussed in dédewlkere (Bushmanet al. 1996,
Naylor et al. 2000, Tovaret al. 2000, Kraufvelinet al. 2001). Potential impacts on,
and interactions with, marine mammals have onlyemdg become the focus of
discussion and are mainly deduced from anecdotadleege and incidental
observations (reviewed in Wiirsig 2001, Kempéral. 2003). Known or potential

effects on cetaceans include:
a) competition for space and displacement from impurteabitat due to structural
components of the farms (e.g. Watson-Capps anchiM8a5),

b) exclusion from important habitat due to the useacdustic harassment devices
aimed to deter pinnipeds from predating fish far@g. Morton and Symonds
2002, Olesiulet al.2002),

c) harassment from increased boat traffic due to waok maintenance of farms and

cultures,

d) changes in abundance and availability of prey gse@oth decrease and increase
in prey availability, e.g. Bearet al.2004),

e) environmental contamination (with pesticides, famps, anti-fouling paint,

antibiotics etc.) and increase in marine debris,
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f) incidental entanglement in farming gear, such @ e¢eetting, anti-predatory nets,
mooring and support lines (Kemper and Gibbs 20@&mperet al. 2003).

Thus, some evidence for interference of aquacultarsms with habitat use of
cetaceans and potentially negative effects exidgtinypacts need to be investigated on
a case-by-case basis and in more detail. Soundgall background information for
the species in question is needed in order to etalshort-term behavioural changes
and possible long-term impacts.

The Chiloé Archipelago appears to be one of th&ribigion centres of Chilean
dolphins (Oporto 1988, Goodall 1994), and possdlgo Peale’s dolphins in Chile
(Goodallet al. 1997b). The little scientific information that available suggests that
at least some of the bays represent importantdtabior the dolphins during part of
their life cycle (Oporto 1986, Crovetto and Medit291). The vast, fast and relatively
unrestricted mariculture development in this areald be affecting the occurrence
and habitat use of both species in yet unknown walss, the Chiloé Archipelago
offered an ideal combination for a comparative andservation-oriented research
project with feasible logistics, known occurrendeGhilean dolphins and Peale’s
dolphins and an urgent need for population assesste to existing conservation

concerns.

1.5.THE CHILOE ARCHIPELAGO

The Chiloé Archipelago (41.8°- 43.4°S) forms therthern boundary of the
southern Chilean fjords (Figure 1-1). It consisfsooe large island (Isla Chiloé
Grande) of approximately 180 km length and 70 krdtlviat its widest part, and a
multitude of smaller islands. To the west it is bded by a relatively straight and
exposed coastline facing the South Pacific Ocearth& east, the main island breaks
up into a multitude of islands separated from tl@le@n mainland and the Andean
mountain range by a body of open water, the Gothoc@vado, of up to 50 km width.
To the south, the Golfo Corcovado opens into thettsd’acific. To the north, a
narrow channel of approximately 3 km width (Canabk€ao) separates Chiloé from
mainland Chile.

The climate is cool temperate with annual predijpta exceeding 2,200 mm
(Comisién Nacional del Medio Ambiente, Parque Naalode Chiloé, unpubl. data).
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“In winter, the climate is detestable, and in sumniteis only a little better” (quote
from Charles Darwin 1860, Chapter on Chiloé, p.. 98)us, the coastal waters are
subject to often intense freshwater input (riven-off and direct precipitation)
(Davila et al. 2002). On the sheltered eastern side of Chiloénd@&raa brackish
freshwater layer of one metre or more often forttha sea surface, particularly after
heavy rainfall. Sea surface temperature ranges &romean maximum of around 15°C
in January (austral summer) to a mean minimum @r@pmately 10°C in July
(austral winter) (Navarro and Jaramillo 1994). Deparely exceeds 120 m in the
waters surrounding the islands, and shallow bagsimlets of less than 20 m depth
are common. Tides are semidiurnal with amplitudeyes of 3 to 5 m (SHOA 2001),

and strong tidal currents frequently develop imroarchannels between the islands.

1.6.THESIS STRUCTURE

This thesis presents the first comprehensive antpacative study of the ecology of
sympatric Chilean dolphins and Peale’s dolphinse Bkerall aims are to provide
information on their distribution (Chapter 2), Habiuse (Chapter 3), movement
patterns (Chapter 4) and population sizes (Chdptand to compare species-specific
ecological requirements. Knowledge of the factdrat tinfluence distribution and
habitat use is important in ecological as well msapplied contexts, such as the
evaluation of existing impacts on populations ar tdesign of appropriate

monitoring and management strategies.

Chapters two to four are based on data collected fowr field seasons spanning
the austral summers and autumns of 2001 to 200audda 2001 to April 2004).
These chapters are presented as stand-alone gatests addressing specific
research questions and using different methodadbgamd analytical techniques.
Chapters two and three take a population-level agpr using sighting data from
dolphin groups collected during systematic boaelasurveys to establish species-
specific distribution and habitat use patterns. giés four and five use sighting
histories of naturally marked and individually idiéable dolphins collected during
dedicated photo-identification surveys to determeging and site fidelity patterns
and population sizes. Chapter six (final discugsiprovides a synthesis of the
findings, places them into a wider ecological cantend lays out a framework for

conservation, management and future research asenue
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Chapter 2 Distribution patterns of small cetaceansnd their overlap with

mariculture activities in the Chiloé Archipelago

2.1.ABSTRACT

Investigations into the distribution of cetaceamspace and time provide important
information on how these animals interact with thegivironment, with each other and
what threats to their survival they might be facimfe study presented here examines
the distribution patterns of small cetaceans in toastal waters of the Chiloé
Archipelago (42-43°S) in southern Chile and outlirmeeas of concern due to spatial
overlap with mariculture and other human activitiBeat-based sighting surveys were
conducted on 212 days in central and southern €hdoring consecutive austral
summers and autumns from January 2001 to April 20C4hilean dolphins,
Cephalorhynchus eutropia, were sighted consistently in the same selectgd bad
channels in southern Chilo€, but were only occadiprencountered in central Chiloé.
Additional monthly surveys during 2004 confirmee tyear-round presence of Chilean
dolphins in some areas of high use during summdrsalggested seasonal shifts of
importance for others. Peale’s dolphihsgenorhynchus australis, were distributed
over a wider area in each study area and were ts frequently encountered species
in central Chiloé. Burmeister's porpoisé¥jocoena spinipinnis, were only sighted in
two selected areas with deeper waters in centrdb€Habitat partitioning based on
depth and behavioural differences could explaindbserved patterns of distribution
and spatial segregation. Spatial overlap betweendtiphins and mariculture farms
(for mussels and salmon) was extensive in bothystudas. Potential threats to the
continued occupancy of important inshore habitattliy three cetacean species are

discussed.
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2.2.INTRODUCTION

Knowledge of the distribution of animals in spacwl dime is fundamental to the
understanding of their role in the environment, atidws insights into a species’
evolutionary development and behavioural ecologyormation on temporal and
spatial patterns of distribution is also cruciathe assessment of threats to the survival
of a population and the mitigation of potential agcertained adverse anthropogenic

effects.

The distribution of animals in a population is angdex product of many, often
interacting factors. These include the distributamd behaviour of prey (Wirsig 1986,
Croll et al. 2005), predators (Heithaus 2001, Acevedo-Gutié2@2?a, Heithaus and
Dill 2002), suitable habitats (Carrodt al. 1999, Martin and da Silva 2004) and
competitors (Ebensperger and Botto-Mahan 1997, lReash al. 1997, Bearzi 2005a).
Current patterns of distribution may also reflestdric legacies left by, now absent,
competition or predation (Connel 1980), includingrtan-induced habitat destruction
or past reduction in abundance (Whitehetadl. 1997, Hill 1999, Bearzet al. 20044,
Gilg and Born 2005).

The distribution of a population may, in turn, inspanany aspects of the lives of its
members. Limited or clustered distribution of vitakources, such as prey, can attract
many competitors. Inter- and intraspecific compmtican lead to specialisation in prey
selection (Haleet al. 2000, Saulitiset al. 2000), spatial or temporal segregation of
members from the same breeding population (Weilgadl. 1996, Le Boeufet al.
2000) and can affect the patterns of social interas (Emlen and Oring 1977, Wels
al. 1980). Members of similar species that co-occuh& same geographical area are
thought to compete for resources, unless they gcdifferent physical locations and/or
feed on different prey (Roughgarden 1976). In dpanitats in particular, mixed groups
or temporary inter-specific associations might folon protection against predators
(Norris and Dohl 1980, Stenslaetal. 2003). Studies on distribution patterns and co-
occurrence of small cetaceans, the group of dofphimd porpoises, have revealed a
range of strategies of co-occurrence based on dtabihd resource partitioning

(reviewed in Bearzi 2005b).
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Obtaining detailed information on distribution @atts of cetaceans poses many
problems, even for those species in more accessibl®re habitats. Cetaceans can
travel quickly over large areas thus requiring egpgurveys to ascertain the temporal
duration of their occurrence and to identify tremuslistribution. Most species inhabit
environments which pose, at least for a large ptapo of the time, logistic (and
financial) challenges for the researcher, partityla areas with inclement or unstable
weather conditions (i.e. most areas). For surveyslected from ships, weather and
resulting environmental conditions, such as sete sdéad swell, are crucial factors
affecting the probability of detecting cetaceanar(®w et al. 2001, Teilmann 2003).
Detectability of animals also varies with body sigeoup size and behaviour (Barlow
et al. 2001). Consequently, for many species informatoaneven basic distribution
patterns is, at best, patchy (Jeffersbal. 1993).

The endemic Chilean dolphi&ephalorhynchus eutropia, is one of eight species of
small cetaceans known to inhabit the inshore watkeseuthern Chile (Aguayo-Lobe
al. 1998). Its distributional range encompasses twin rhabitat types, the open coast
and river mouths from 33° to 41°S, and the shaltér@ys and channels of the Chiloé
Archipelago and the fjords south to 56°S (Gooatlal. 1988a). The larger Peale’s
dolphin, Lagenorhynchus australis, is fully sympatric throughout this range. Its
distribution, however, extends into the southerrutBoAtlantic where the Peale’s
dolphin inhabits the exposed coast north to 38°8 eeaches across the shallow
continental shelf to the Falkland Islands (Goodidl. 1997a).

Information on the distribution of Chilean dolphiiss based entirely on anecdotal
sightings, strandings and fossil finds (compiled Goodall et al. 1988a). Most
published information on Peale’s dolphins stemsftocalized studies in the Strait of
Magellan and Tierra del Fuego at the southern tifauth America (Ifiiguez and de
Haro 1993, de Haro and Iiiguez 1997, Goodhlal. 1997b, Lescrauwaet 1997,
Schiaviniet al. 1997, Viddi and Lescrauwaet 2005). The distributad both species
outside the Strait of Magellan (where Chilean dolphare only seen infrequently
(Goodall et al. 1988a) and the nature of their sympatric co-eritehas not been
subject to dedicated study. Anecdotal evidence ftionited boat- and shore-based
observations (Oporto and Gavilan 1990, Crovetto Etetlina 1991, Goodalét al.
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1997a) suggests that both species co-occur inhibléesed waters of the eastern Chiloé

Archipelago in the 10 Region of Chile.

The 10" Region of Chile has experienced a rate of devedsytnin mariculture
activities (e.g. the marine farming of salmonids ahellfish) unrivalled anywhere else
in South America (Hernandez-Rodrigugtzal. 2000), and contributes over 80% of the
national production in Chile (SERNAPESCA 2004).2004, this region housed 273
registered salmon farms which produced 477,168 obrish (~ 84% of total Chilean
production) and 305 shellfish farms which produ&dd741 tons (~ 77% of national
production) (SERNAPESCA 2004). These intense arndnsiwe farming activities in
shallow nearshore waters undoubtedly have beerctaige the local environment
(Alvial 1991, Bushmanret al. 1996, Claude and Oporto 2000, Satoal. 2001,
Miranda and Zemelman 2002, Sepulvetial. 2004), possibly including the cetacean
species inhabiting these waters (Hucke-Gaete 208@peret al. 2003).

In this chapter, the occurrence and distributiottepas of Chilean dolphins and
Peale’s dolphins in the southern and central Chlaghipelago and their overlap with
existing and proposed mariculture activities asedssed.
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2.3.METHODS

2.3.1. The study areas

This study was conducted in the coastal waterhefdastern Archipiélago de Isla
Chiloé (41-43°S, 73-74°W) in southern Chile 1&egion). Most of the 130,000
inhabitants earn their living from peasant agriadf artisanal fishing, tourism and in

the rapidly expanding mariculture industry.

The southern study area was centred around tregeilbf Yaldad (district Quellon)
and encompassed the islands from San Pedro to Cimgliao (approx. 275 kn
Water depth throughout this area rarely exceeds §thean depth approx. 26 m). The
central study area, located approximately 65 knth& north, was based around the
ports of Castro and Dalcahue and spanned the staters from Canal de Yal to Paso
Tenaun (approx. 258 Kin Water depth reaches up to 130 m (mean approm)50

2.3.2. Data collection

The main fieldwork took place over consecutive mlssummer and autumn seasons
from January 2001 to April 2004 in southern Chilagg from December 2001 to April
2004 in central Chiloé. Off-season surveys wereiagrout from June to December

2004 to provide information on the winter distrilout of Chilean dolphins.

Two or three observers conducted systematic baaebaighting surveys in near-
shore waters<{ 2.5 km from shore) from a 3.8 m outboard power2d ¢r 25 hp)
inflatable boat travelling at a constant speed dB~km/h. Locally built wooden boats
of 5-7 m length were used for off-season work. Syswvere restricted to calm seas of
Beaufort sea state 3, periods of no or little precipitation and geair good visibility.

Observers continually scanned the area ahead dioidteand out to 90° each side.

In 2001 and during the off-season surveys in 2@a4a were collected along pre-
determined transects paralleling the coast at appedely 400 m from shore. Surveys
from December 2001 to April 2004 followed randondizeansect lines in a regularly
spaced zig-zag pattern with different starting poiilor each survey (part of a detailed
investigation into habitat use, see Chapter thr&small bays and channels were
covered completely either during the in- or outlsbsairvey leg. Large bays, such as
Bahia Quellon or Bahia Yaldad, were divided intgogite shores where one side to

the centre was surveyed during the outbound lghaemmorning, and the other during
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the inbound leg. The order in which adjacent bayshwmrelines were surveyed was
alternated between survey days (e.g. clockwiseoonter-clockwise) to account for
potential diurnal patterns in the distribution bétdolphins. A minimum of five to six
survey days was required to cover each study arka.southern study area was
surveyed completely at least once per month, aadccémtral study area at least three

times during a field season.

Locations with extensive coverage by shellfish fatimited access and visibility due
to surface structures and floats. Shellfish farnesenentered wherever possible and
searched between suspended lines to ensure thdtiowere not missed inside the

maze of floats.

Effort was logged throughout the survey by recaydime position (GPS position and
landmarks) at fixed 15-minute intervals, and fro@®2 onwards additionally by using
the automatic tracking function of the GPS. Sigitaonditions were recorded at the

start of each survey and thereafter whenever ttieseged.

When a sighting was made, the following data wer®rded: start and end time of
sighting, GPS location, landmarks, sighting cowdisi, species identity, group size
(maximum, minimum, best estimates), presence ofesabnd neonates, a suite of
environmental variables (e.g. depth, sea surfacgdeature), distance to the nearest
mariculture structures (determined by laser rangelef, < 1000 m) and initial

behaviour.

A group was defined as an aggregation of dolphihgkvwere within a radius of
100m of each other, spaced less than 10 body Ieragihrt. A calf was defined as a
dolphin of about 1/8 of the adult size and without foetal fold marksnéonate was
less than 1/8 of the adult size, showed clear foetal fold markd was seen in constant

affiliation with an adult.

Behavioural states of dolphins in the group wersessed via scan sampling all
individuals at first sighting (sensivlann 2000), and before the dolphins were
approached closely. Assessing individual, rathantgroup behaviour helped avoid
biases introduced by more conspicuous surfaceeabhaviours of a few individuals
in the group (Mann 2000). To investigate a posgiblationship between behaviour and

group size, overall group behaviour was later deiteed as the behaviour exhibited by

32



Chapter 2 - Distribution

> 50% of the group members (as determined fronstla@s of individuals). Behaviour

was classified into one of six mutually exclusivatss:

% Feed = Direct pursuit or taking of prey, either foragimdividually (asynchronous
swimming) or cooperatively (synchronous swimminggluding long dives; The
presence of potential prey was verified either lbgesving fish scattering away
from the dolphins, the dolphins taking prey or firesence of seabirds “plunge

diving” or consuming prey in the same location.

« Plough = Rapid directional surface swimming where dolphmmeduced splashes
and “rooster tails”. Individuals surfaced synchrosly and moved rapidly in one or
several offset lines, usually parallel to the shémeChilean dolphins this behaviour
was most likely related to foraging as it appearshelp aggregate prey (see
Crovetto and Medina 1991lough differed fromfeeding because the presence of
prey could not be inferred with certainty. In Pé&aldolphins, howeverplough
could not be related to foraging behaviour unamigly. The same “rooster
tailing” was also observed during social interacsiowhen the subject of the
apparent “pursuit” was not prey. Other studies haterpreted similar behaviour as
feeding (Viddi and Lescrauwaet 2005) or travellj@podallet al. 1997a).

X/

% Travel = Moving in one direction and at constant speettt wagular surfacings. No

splashes or abrupt movements and no prolonged.dives

« Mill = Frequent changes in heading with no net dispiace; Regular dives of
varying duration. Most likely related to localizéoraging, but presence of prey

could not be confirmed.

« Socialize = Interactions between tightly aggregated individu&haracterized by
high levels of surface activity (e.g. leaps). Séxarad aggressive behaviours were

included in this category.

X/

% Rest = Stationary or very slow movement, often seentiihgaat the surface,

interspersed with slow rolling surfacings.
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2.3.3. Data analysis

The study areas were divided into sectors repregestibareas within which effort
was uniform (i.e. a subarea was covered compleligiyng a survey day). These sectors
provided the basic geographic unit over which gfiigtiand temporally comparable
indices for intensity of use, both in terms of atence and relative density of dolphins,
were calculated. The choice of sector boundaries w#ded entirely by practical
considerations. Sectors were based on natural geligal units determined by physio-
geographical differences (e.g. sheltered bays seegposed shores) and reflected the
survey layout designed to maximise area coveratfeoul repeating routes during one
survey day. A measure of occurrence in each seasercalculated as the proportion of
positive observations (i.e. presence of dolphinvgr dhe number of full surveys of that
sector. Relative density in each sector was detednas the cumulative number of
dolphins sighted in a particular sector dividedHsy distance searched on effort (in km)

in this sector.

The spatial and temporal consistency of the obskepagterns in occurrence was
investigated using multiple logistic regression misdouilt in the software package R,
vers. 2.1. (R-DevelopmentCoreTeam 2004). The binesponse variable (absence or
presence of dolphins) had a binomial error strecamd was modelled via a logit link
function as a function of spatial (Sector) and terap(Year) factors. The probability of
sighting cetaceans is known to deteriorate withuBaa sea state (Bft). Mean Bft for
each sector (visited during a particular survey) wacluded as a co-variate and
interaction term with Sector to investigate potainbiiases due to outer sectors being

more exposed (i.e. potentially higher mean Bfthtbheltered bays.

Starting from a model with single terms of Sec¥ear, mean Bft and two interaction
terms (Sector: mean Bft, Sector:Year), the mostipamious model was selected using
a backward stepwise selection procedure based amk&Ek Information Criteria
(Akaike 1973) corrected for small sample size, A(Burnham and Anderson 2002).
The model with the lowest AlGralue, or if two models had similar Al@alues then
the most parsimonious one, was chosen for paranatenpretation (Burnham and
Anderson 2002) and to calculate predicted sightiadpabilities.

Approximately 20 measurements of sea surface teatyer (SST) were collected at
fixed stations each month during the year-roundtsig surveys in 2004 using a digital
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conductivity-temperature meter. Months in which thean (SST) exceeded the yearly
average of 11.8°C (SE= 0.36) were termed “summieg’ December to April), and
those with lower temperatures “winter” (i.e. Jurme November). The highest mean
monthly SST in 2004 was recorded in February (mg&ai°C, SE= 0.15) and the
lowest in July (mean 9.9°C, SE= 0.04). Temporatgpas of distribution within 2004
were investigated using logistic regression mofete above), but with “Season” (i.e.
summer-winter) instead of “Year” as the temporakda and with an extra interaction

term “Season: mean Bft".

Potential annual (or summer-winter) differenceselative density were investigated
using the Friedman test. This test is a non-pananequivalent of a two-way ANOVA
based on the consistency of ranks for particukattments (i.e. sectors) across different
blocks (i.e. years). The null-hypothesis that theas no consistent pattern in the ranks
of sectors across years was rejected at the caomahé = 0.05 level. Friedman tests
and all other statistical analyses were perfornmed/initab vers.12.23 (Minitab Inc,
1999). Data on species distribution and maricultocations were plotted with ArcGIS
vers.9 (ESRI Inc. 2004).
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2.4.RESULTS

Boat-based sighting surveys were conducted on 2¢2 during summer and autumn
spanning a four year period (154 days in southdrito€, 58 days in central Chiloé).
Survey effort was consistent among years in batidystareas (Kruskal Wallis test:
southern, W= 5.02, df= 3, p= 0.171; central, W=03.df= 2, p= 0.212), but differed
significantly between sectors (Kruskal Wallis tést= 61.26 , df= 20, p< 0.001) (Table
2-1). Analyses of distribution patterns took intzaunt spatial distribution of effort.

2.4.1. Chilean dolphins

2.4.1.1. Patterns of distribution

Chilean dolphins in southern Chiloé showed a slhatrastricted distribution with
preference for a few selected bays and channeajsig2-1). The model that fitted best
the occurrence data (based on lowest A#Dd residual deviance) contained the
variables Sector, Year and mean Bft, and the iotera terms of “Sector: mean Bft”
(Table 2-2). Fitted probabilities were calculatedn the best model using the year
2004 and a mean Bft of 1.4 as standards (Figurg ZRilean dolphins showed a
distinct preference for northern Canal Coldita (N@8d Canales San Pedro/Guamblad
(SPE) where the probability of sighting a dolphuridg the surveys was predicted at
80% and 95%, respectively. In contrast, Chilearpliols were never or only rarely
seen at western Isla Laitec (WLA), eastern Islad@al(ECO), Bahia Quellon (BQU)
and Canal Chiguao (CCH). Wide confidence intervals the fitted sighting
probabilities reflected the variability in the sigly data. Beaufort sea state could have
affected the detection of dolphins in some aredB leiver rates of occurrences (PQU,
SCC and BHU), but did not result in a spatial biagletection of dolphins between
sheltered bays and exposed shores. Annual varigtioocurrence of dolphins was also

low, with only the year 2002 having overall lowgglging probabilities.
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Table 2-1. Summary of survey effort and sightings of Chilekphins and Peale’s
dolphins in different sectors in southern (a) amshtal (b) Chiloé during austral

summers and autumns of 2001-2004. For sizes abrseste Table 2-8.

a) southern Chiloé (2001-2004)

Sector o Number Distance Grom_Jps of Num_ber of Groups of Number of
code Sector description of surveyed Chllegn Chllegn Pealt_a’s Pealt_a’s
surveys  (km) dolphins  dolphins dolphins dolphins
EYA East Yaldad Bay 138 1,266 90 547 0 0
WYA West Yaldad Bay 103 952 72 445 0 0
NCC northern Canal Coldita 62 496 82 546 0 0
PQU P. Queupué /Isla Linagua 65 290 14 121 4 6
SCC southern Canal Coldita 42 584 31 178 4 13
ECO East Isla Coldita 41 376 2 3 10 27
RNE Rio Negro/P. Yatac 23 229 2 3 0 0
SPE C. San Pedro/Guamblad 24 829 47 303 0 0
WLA West Isla Laitec 29 442 0 0 15 69
BQU Bahia Quellon 104 1,300 2 12 41 135
ELA East Isla Laitec 41 520 1 3 16 70
WCA West Isla Cailin 28 194 1 1 7 14
SCA South Isla Cailin 18 255 7 32 16 67
BHU Bahia Huellenquon 18 159 5 15 0 0
CCH Canal Chiguao 33 452 2 5 11 40
Total 769 8,346 350 2,072 124 441
b) central Chiloé (2002-2004)
Sector o Number Distance Grogps of Number of Groups of Number of
code Sector description of surveyed Chllegn Chllegn Pealg’s Pealg’s
surveys  (km) dolphins dolphins dolphins dolphins
CYA Canal de Yal 7 483 0 0 0 0
CAS Estero Castro 27 1,217 4 14 31 165
CHU Canal Hudson 19 479 3 12 16 69
CLE Canal Lemuy 16 460 1 6 4 15
CDA Canal Dalcahue 28 769 14 58 62 316
PTE Paso Tenaun 7 483 6 32 2 6
Total 104 3,891 28 122 115 571
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Table 2-2 Summary results of the final logistic regressimodel for Chilean dolphins

in southern Chiloé. Sector and Year were considasddctors.

* significant at p= 0.05, ** significant at p= 0.00¢ no sightings

Variable Level coefficient SE z-value Pr(>|z|)
Sector EYA 0.540 0.3684 1.465 0.143
WAY 0.457 0.4490 1.017 0.309
NCC 2.047 0.7070 2.896 0.004 *
PQU 0.822 0.6269 1.311 0.190
SCC 1.874 0.7648 2.451 0.014 *
ECO -2.217 1.2539 -1.768 0.077
RNE -0.215 1.6528 0.130 0.897
SPE 6.412 4.0574 1.580 0.014 *
WLA -17.260 2397.3 -0.007 0.994 o
BHU -0.493 0.8665 -0.569 0.569
ELA -0.572 2.1462 -0.266 0.790
WCA -4.362 2.9334 -1.487 0.137
SCA 0.096 1.3070 0.073 0.942
BHU 1.089 1.4855 0.733 0.464
CCH -6.668 3.4428 -1.937 0.053
Year 2002 -0.823 0.2842 -2.895 0.004 *
2003 -0.312 0.2954 -1.055 0.292
2004 -0.009 0.3454 -0.027 0.978
Bft 0.162 0.2552 0.636 0.525
Interaction  WAY : Bft -0.035 0.3669 -0.096 0.924
NCC : Bft -0.446 0.4911 -0.908 0.364
PQU : Bft -1.600 0.5855 -2.733 0.006 *
SCC : Bft -0.980 0.4804 -2.041 0.041 *
ECO : Bft -1.256 1.3747 -0.914 0.361
RNE : Bft -1.660 1.2964 -1.281 0.200
SPE : Bft -2.673 2.3575 -1.134 0.257
WLA : Bft -0.145 1427.1 0.000 1.000 o
BHU : Bft -2.913 1.2886 -2.260 0.024 *
ELA : Bft -1.980 1.8118 -1.093 0.274
WCA : Bft 0.792 1.4161 0.559 0.576
SCA : Bft -0.471 0.8536 -0.552 0.581
BHU : Bft -1.251 0.9564 -1.308 0.191
CCH : Bft 1.951 1.4242 1.370 0.171

Null deviance: 838.71 on 605 degrees of freedom
Residual deviance: 512.68 on 572 degrees of draed
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Figure 2-2 Fitted probabilities of sighting Chilean dolphified triangles) and Peale’s
dolphins (yellow circles) in different sectors ioushern Chiloé based on the
predictions from the best logistic regression med&lrror bars denote 95%
confidence intervals.
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Figure 2-3 Relative density of Chilean dolphins (red barsy &eale’s dolphins
(yellow bars) in sectors surveyed in southern (20004) and central (2002-
2003) Chiloé.
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The relative density of dolphins showed the sanieepaas occurrence with relative
density being highest in northern Canal Coldita Q(Y@nd surrounding sectors as well

as in Canales San Pedro/Guamblad (SPE) (Figur& akde 2-1). This pattern was also
consistent between years (Friedman tgst= 50.6, df= 14, p< 0.001).

When comparing year-round sighting data from 2@0d,same distributional pattern
persisted (Table 2-3). The relative density of Holp was highest in northern Canal
Coldita (NCC) throughout the year (Figure 2-4)|daled by the sectors to the north-

east (PQU and EYA). This pattern was consistenhdwsummer and winter (Friedman

test y°=17.49, df= 6, p= 0.008).

Table 2-3. Summary of effort and number of Chilean dolphimghted during the
monthly surveys of selected sectors in southerfo€hiuring 2004.

Number of surveys per season Number of

SCeOcdtgr Sector description (km surveyed) Chilean dolphins
Summer Winter SummerWinter
EYA East Yaldad Bay 35 (264) 11 (157) 140 31
WYA West Yaldad Bay 20 (136) 9 (120) 88 20
NCC northern Canal Coldita 19 (115) 10 (101) 145 87
PQU  P.Queupué -Isla Linagua 24 (59) 9 (33) 26 17
SCC southern Canal Coldita 4 (56) 4 (62) 20 8
ECO East Isla Coldita 8 (96) 4 (46) 3 1
BQU* Bahia Quellon* 24  (259) 4 (39) 0 0
Total 134 (985) 51  (558) 422 164

*Only the western most section was covered eachtim@pprox. 1/% of BQU).

The model that fitted best the seasonal occurrdataecontained the variables Sector,
Season and Bft (Table 2-4). The variable Season retsned in the final model
(selected based on the lowest ANalue) despite not being significant. The limited
survey effort in winter could have masked significaeasonal effects. There was
evidence that mean Bft influenced presence, or riikedy the observer’s ability to
detect dolphins, but this effect did not differ weén sectors or seasons (i.e. the non-
significant interaction terms “Sector. mean Bft’dal'Season: mean Bft” were not

retained in the final model).
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Figure 2-4. Seasonal pattern of relative density of Chilealplins in selected sectors
in southern Chiloé surveyed at least once durinty 8amonth period.
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Figure 2-5. Fitted probabilities of sighting Chilean dolphiirs different sectors in
southern Chiloé throughout the year 2004 based®empredictions from
the best logistic regression model, with winter amean Bft= 1.6 set as
standards. Error bars denote 95% confidence ingerva
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Fitted probabilities were calculated from the finadel using winter and a mean Bft
of 1.6 as standards (Figure 2-5). Sighting prolit#sl and the pattern of occurrence
were similar to those derived from the annual sunsméumn data. Again, northern
Canal Coldita (NCC) had by far the highest prohbgbibf dolphin occurrence
throughout the year. Chilean dolphins were morellegty encountered in Yaldad Bay
(EYA, WYA) in the summer than during the winter whiwas reflected in the large
variability in the fitted values. The large variltyi in the fitted values for SCC most

likely stems from the low effort in this sector @la 2-3).

Table 2-4 Summary results of the final logistic regressioadel for the year-round
occurrence of Chilean dolphins in selected sedtoseuthern Chiloé during
2004. Sector and Season were considered as factors.
* significant at p= 0.05, ** significant at p= 0.00

Variable Level coefficient SE z-value Pr(>|z|)
Sector EYA 1.597 0.5763 2.771 0.006 *
WAY 1.635 0.6526 2.505 0.012 *
NCC 3.965 0.935 4,241 0.000 o
PQU -0.570 0.9052 -0.63 0.529
SCC 2.086 1.0035 2.079 0.038 *
ECO 0.545 0.9998 0.545 0.586
BHU -1.344 1.1091 -1.212 0.226
Season Winter -0.763 0.4758 -1.604 0.109
Bft -0.782 0.2604 -3.005 0.003 *

Null deviance: 188.54 on 136 degrees of freedom
Residual deviance: 128.53 on 127 degrees of dreed

Only 28 groups of Chilean dolphins were sightedcentral Chiloé (Table 2.1b,
Figure 2-1). The model that best fitted the ocawreedata contained only the variable
Sector (Table 2-5). Chilean dolphins were abseminhfiCanal de Yal (CYA). Canal
Dalcahue (CDA) had by far the largest number ofhtengs (Table 2-1b), and
consequently had relatively high, but variable,dpted probabilities of occurrence
(Table 2-5, Figure 2-6). Estero Castro (CAS), Cathadison (CHU) and Canal Lemuy
(CLE) had relatively low predicted probabilities @fcurrence (Figure 2-6). Although
Chilean dolphins used these sectors, they werdesigless than would be expected
given the level of survey effort (Table 2-5). Tharde variability in the predicted
probability of occurrence at Paso Tenaun (PTE) rhiksly resulted from low survey
effort in this area (Table 2-1b, Figure 2-6).
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Table 2-5 Summary results of the final logistic regressioodel for Chilean dolphins
in central Chiloé. Sector was considered as affacto

* significant at p= 0.05, ** significant at p= 0.00¢ no sightings

Variable Level coefficient SE z-value Pr(>|z])
Sector CYA -17.566  1615.104  -0.011 0.991 ¢
CAS -1.179 0.5718 -2.061 0.039 *
CHU -1.792 0.7638 -2.346 0.019 *
CLE -2.197 1.0541 -2.084 0.037 *
CDA 1.099 0.6667 1.648 0.099
PTE 0.288 0.7638 0.377 0.706

Null deviance: 148.33 on 107 degrees of freedom
Residual deviance: 90.06 on 101 degrees of éreed
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Figure 2-6. Fitted probabilities of sighting Chilean dolphified triangles) and Peale’s
dolphins (yellow circles) in different sectors ientral Chiloé based on the
predictions from the best logistic regression med&rror bars denote
95% confidence intervals.
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2.4.1.2. Group sizes and offspring

Sighting rates were four-fold larger in the southénan in the central study area
(Figure 2-7a). Mean group size was also largeoirttgern than in central Chiloé (t =
-2.85, p= 0.007) (Figure 2-7b), but estimates far ¢entral area were based on a small
sample size (Table 2-1b). Group size varied sigaifily with behaviour (ANOVA
Fs336= 13.34, p< 0.001), with the largest groups obskrfeeding (mean= 8.6 + 0.84
SE) and the smallest travelling (mean= 3.8 + 0.EY (&igure 2-8a).

a) sighting rates b) group sizes

0.30- 7
E “ %
< @ 6-
a3 025 £ (§
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2 1 &s
S o020 A 8 ;
2 5 4 %
o 0151 =
5 i @) é 31
0

0.10 5 5.

0.05 é ; L 1]

0.00 ‘ ‘ ‘ ‘ 0

southern central southern central

Figure 2-7. Mean sighting rates (a) and mean group sizesf(Bhilean dolphins (red
triangles) and Peale’s dolphins (yellow circles)swuthern (2001-2004)
and central (2002-2003) Chiloé. Error bars dendB6 9confidence
intervals.

Neonates were sighted from late spring (Novembo) the autumn (April), but not
during winter. In February, up to four neonates #mée calves were observed in the
same group. Calves were sighted year round, bug¢ megularly so in March and April.
By April (early autumn), 75% of all groups (n= 6&)ntained at least one calf and/or
neonate. In contrast, from September to Novembmin@), only 25% of all groups
contained at least one calf. Neonates and calvee wighted in all sectors used

regularly by adult Chilean dolphins with no obviqureference for a particular location.
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a) Chilean dolphins

b) Peale’s dolphins
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Figure 2-8 Variation in mean group size in relation to babaxal state for Chilean
dolphins (a) and Peale’s dolphins (b). The numidegroups observed is
given in brackets. Error bars denote 95% confidemtegvals, dots represent

Frequency of occurrence

range.
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Chilean dolphins

Peale's dolphins

Figure 2-9. Behaviour of Chilean dolphins and Peale’s dolphicalculated as the
proportion of dolphins observed in each of thelsmkavioural states during
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2.4.1.3. Behavioural patterns

The behaviour of Chilean dolphins at initial sigigtiwas markedly non-uniform
(Pearson'gyy®= 1290.9, df= 5, p-value < 0.001) with milling bgitthe predominant
behavioural state (42% of 2,028 dolphins), folloviigdplough (21%), travelling (17%)

and feeding (14%) (Figure 2-9). This pattern indyebur was consistent across sectors

in southern Chiloé (Friedman tesy’= 30.6, df= 5, p < 0.001). In central Chiloé,

behaviours differed between sectors (Friedman pest 9.75, df= 5, p = 0.083) with

milling being the predominant behavioural stateCianal Dalcahue (CDA, 40%), in
contrast to travelling in Paso Tenaun (PTE, 42%) @anal Hudson (CHU, 38%).

2.4.2. Peale’s dolphins

2.4.2.1. Patterns of distribution

Peale’s dolphins were encountered in southern awdral Chiloé, but did not
distribute uniformly in either area (Table 2-1agute 2-10). The final model that best
fitted the occurrence data for Peale’s dolphinsanthern Chiloé contained only the
variable Sector (Table 2-6). Peale’s dolphins werarkedly absent from areas of
known high use by Chilean dolphin, i.e. Yaldad B&YA, WYA), northern Canal
Coldita (NCC), Canal San Pedro/Guamblad (CSP) aakiaBHuellenquon (BHU).
Instead, they seemed to frequent the open shoreasbfsla Coldita (ECO), Isla Laitec
(WLA, ELA), Bahia Quellon (BQU) and the shoals oughern Cailin (SCA) (Figure 2-
10). However, none of these areas were used signify more often than would be
expected from an equal chance of presence or abskeming the given level of survey
effort (Table 2-6, Figure 2-2).

In central Chiloé, Peale’s dolphins were mainlynsgethree sectors: Estero Castro
(CAS), Canal Hudson (CHU) and Canal Dalcahue (C2&) were absent from Canal
de Yal (CYA) (Table 2-1b, Figure 2-10). The bestdmloto fit the occurrence data
contained the variables Sector and Year (Table. Z2@ple’s dolphins had a high
predicted probability of occurrence in Canal Daleah(CDA) (Figure 2-6), but
estimates were quite variable and overall obsenamirrence in this sector was not
significantly different from chance (Table 2-6). dRes dolphins were frequently
sighted in the Estero Castro (CAS) and Canal Hu@8stU), but occurrence again was
variable and with a tendency to be lower than wdaddexpected given the amount of

survey effort in this area (Table 2-6, Figure 2-Bhere was also evidence for intra-
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annual variability with the year 2003 showing angfigantly higher occurrence of

dolphins compared to 2002.

Although occurrence did not show a clear patterpreference by dolphins for any
sector in both study areas, relative densities waasistently highest in Canal
Dalcahue (CDA) in the central, and off southera IShilin (SCA) in the southern study

area (Figure 2-3). The ranking of sectors basedetative densities was consistent

between years in both study areas (Friedman testghern, y>= 44.21, df= 14, p<
0.001; central y*= 8.38, df=3, p= 0.039)

2.4.2.2. Group sizes and offspring

For Peale’s dolphins, group sizes were signifigasthaller in southern compared to
central Chiloé (t= 5.1, p< 0.001) (Figue7b). Group size varied significantly with
behavioural state (ANOVA §2o+~ 12.77, p< 0.001) with the largest groups observed
socializing (mean= 6.8 + 0.60 SE) and the smatlestelling (mean= 2.9 + 0.23 SE)
(Figure 2-8b).

Neonates were seen throughout the summer and aufDeoember — April). In
March, 42 % of all groups (n= 33) contained at lease calf and/or neonate. Surveys
during winter 2004 included few sectors of knowgular use by Peale’s dolphins. Six
groups, including one calf, were recorded off na#istern Coldita (Sectors PQU,
BQU) during early spring (September). Calves wegated in all sectors where adult
Peale’s dolphins were seen. Very small neonatesrtiost likely only a few days old)
were sighted mainly at four distinct locations outhern Chiloé (n= 9) consisting of
small embayments or rocky outcrops with some k&flacfocystes pyrifera): Punta
White in sector West Laitec (WLA), Trincao to QuellViejo in sector Bahia Quellon
(BQU), off Punta Queupué (PQU) and along the shofesastern Isla Coldita (ECO).
All mother-neonate pairs were wary and remainediwi60 m of the shore and in

water less than 3 m deep.
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Table 2-6 Summary results of the final logistic regressimodels for Peale’s
dolphins in southern (a) and central (b) Chiloé.
Sector and Year were considered as factors.

* significant at p= 0.05, ** significant at p= 0.00¢ no sightings

a) southern Chiloé

Variable Level coefficient SE z-value Pr(>|z|)

Sector EYA -20.566 1472.4271 -0.014 0.989 o
WAY -20.566  1682.8922 -0.012 0.990 +
NCC -20.566  2182.4577 -0.009 0.992 «
PQU -3.526 0.7174 -4.915 0.000 *x
SCC -2.277 0.5250 -4.338 0.000 o
ECO -1.253 0.3586 -3.494 0.000 *x
RNE -20.566  3780.1276 -0.005 0.996
SPE -20.566  4179.0883 -0.005 0.996 ¢
WLA -0.799 0.4014 -1.989 0.047 *
BHU -0.693 0.2165 -3.202 0.001 *
ELA -0.981 0.3385 -2.898 0.004 *
WCA -1.609 0.4899 -3.285 0.001 *
SCA 0.1335 0.5175 0.258 0.493
BHU -20.566  4179.0883 -0.005 0.996
CCH -1.520 0.4173 -3.642 0.000 i

Null deviance: 852.57 on 615 degrees of freedom
Residual deviance: 333.99 on 600 degrees of dreed

b) central Chiloé

Variable Level coefficient SE z-value Pr(>|z])
Sector CYA -18.952 1468.02 -0.013 0.990 ¢
CAS -0.095 0.5559 -0.172 0.864
CHU -0.250 0.7878 -0.318 0.751
CLE -2.533 1.0447 -2.424 0.015 *
CDA 1.870 1.1201 1.670 0.095
PTE -2.330 1.0790 -2.160 0.031 *
Year 2003 2.161 0.7727 2.796 0.005 *
2004 1.093 0.9663 1.132 0.258

Null deviance: 108.13 on 78 degrees of freedom
Residual deviance: 63.48 on 70 degrees of tnrmed
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2.4.2.3. Behavioural patterns

Behaviour states differed significantly in the fueqcy with which they were
observed (in southern Chilog?= 190.95, df = 5, p < 0.001; in central Chilog?=

183.91, df= 5, p < 0.001). Peale’s dolphins exbibithe same behaviour patterns in
both study areas (Mann Whitney test, W= 35.0, 809) and data were pooled for
comparison with Chilean dolphins (Figure 2-9). Talimg was always the predominant
behaviour (37%), followed by milling (21%) and sading (17%) (Figure 2-9).

2.4.3. Comparing Chilean dolphins and Peale’s doips
There was very little spatial overlap between Ginlelolphins and Peale’s dolphins
(Figures 2-2, 2-3, 2-11, Table 2-1). Both speciéiered markedly in their preference

for sectors (Friedman tests; southgrfv= 4.96, df= 14, p= 0.986; centrakg’= 7.75,

df= 5, p= 0.170). Overall, sighting rates were #igantly higher for Chilean dolphins
compared to Peale’s dolphins in southern, but notentral Chiloé (Mann Whitney
tests: W= 4103.5, p= 0.010 and W= 227.0, p= 0.iéshectively) (Figure 2-7a). Group
sizes also differed significantly between specras$ showed a reversed trend in the two

study areas (Figure 2-7b).

Occurrence of behavioural states differed signifigabetween speciesy(= 1209.9,

df= 5, p< 0.001), with Chilean dolphins seen momeqfiently engaged in

feed/plough/mill (i.e. most likely foraging relajetiehaviours than Peale’s dolphins
(Figure 2-9). Only nine incidences of temporal catarence of both species were
observed. The nature of the interactions rangea froxed groups to neutral passes to
potentially aggressive encounters (Table 2-7). difiserved interactions, even the
formation of mixed groups, did not last longer tH&hminutes before the two species

appeared spatially separated again or engageffenedit behaviours.
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Table 2-7.Summary of all incidences of temporal co-occuresatChilean dolphin
and Peale’s dolphin groups observed during thidystu

Date Sector Chilean dolphirC.g.) Peale's dolphind.(a.)  Type of interaction

19 Feb 2001 SCC 5 + 1 calf: milling 6: travelling none, within 100 m

23 Mar 2001 BQU 2: travelling 1: travelling nomethin 500 m

15 Apr 2002 SCC 3 + 1 calf: travelling 3 + 1 catavelling none, within 300 m

08 Jan 2003 CDA 4: milling 5: travelling none, it 100 m

04 Jan 2003 CAS 2: foraging 6: foraging mixed grou

12 Jan 2004 ECO 2+ 1 neonate: travelling 2 + hatmo travelling  mixed for 10 min.

i . . . C.e. joinedL.a., foraging as

19 Mar 2004 CDA 2: socializing, then foraging  4rdging mixed group for 5 min.

21 Mar 2002 CHU 5+ 1 calf: milling 6 + 2 calvesavelling aggressive®.e. left area at
great speed
aggressive€.e. passed by

09 Feb 2004 PTE 7 +1 calf: travelling (slow)  4stheg L.a; one L.a. actively pursued

C.e.; C.e started splashy fast
travel (continued for > 4 km)

2.4.4. Sightings of other cetaceans and spatialrseg@tion

One other cetacean species was encountered dinmsgstudy: the Burmeister's

porpoise,Phocoena spinipinnis (see photos Appendix 1). A total of 18 sightingerev

made over four years, all of which were restridiedwo small areas in central Chiloé
(sectors Canal Hudson CHU, Canal Dalcahue CDA, Fasaun PTE) (Figure 2-11).

Group sizes ranged from one to five individuals dne 3 + 0.5 SE), with four calves

and one neonate seen in separate groups from FFelbouapril.

There was evidence for small-scale segregation detwdolphins and porpoises

(Figure 2-11). Burmeister's porpoises were conststfound in much deeper waters
than the dolphins (Figure 2-12). Pairwise-compaussof median water depth suggest
spatial partitioning based on water depth with Beister's porpoises using
significantly deeper waters than Chilean dolphiMarin-Whitney test, W = 5650, p<
0.001). Chilean dolphins in turn seemed to prefetider range in shallow waters than
Peale’s dolphins (Mann-Whitney test, W= 101,6690@301).
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Figure 2-12 Differences in depth range for small cetacearieenChiloé Archipelago.
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2.4.5. Overlap with mariculture

Mariculture activities were abundant throughout ttedy areas (Figure 2-13),
covering approx. 2 to 5% of coastal waters (Tabl).2The distribution of Chilean
dolphins overlapped extensively with areas usedshwgilfish farms (sectors EYA,
WYA, BHU, CDA) and salmon farms (sectors SPE, SCDA) (Figure 2-14). Other
human activities in their range included small-scalrtisanal gillnetting (mainly
targeting escaped farmed salmonids) with nets glpeependicular to the shore across
the intertidal zone (sectors EYA, NCC, SCC).

The distribution of Peale’s dolphins also overlappeth shellfish farms and salmon
farms, mostly in central Chiloé (Figure 2-14). Qtlmiman activities in their range
include shipping traffic and extraction of marineartebrates from shallow shoals of
Islas Laitec (ELA, WLA) and Cailin (SCA) in soutime€hiloé (Table 2-8).

Direct interactions with shellfish and salmon farmere not observed for either
species, during 140 and 77 hours spent in diresemiation of Chilean dolphins and
Peale’s dolphins, respectively. Only five groupegdeale’s d., four Chilean d.) were
seen within 100 m of salmon farm structures, ah@gpeared to be travelling. Four
groups of Peale’s dolphins were seen travellindiwittO0 m of shellfish farms, and
one group foraged between the shore and the anesr ¢f a large shellfish farm. Most
observations (80%, n= 37 groups) of Chilean dolphihat were within 100 m of
shellfish farms were logged in Yaldad Bay, the angth proportionally the largest
coverage by shellfish farms (Figure 2-15, Table).2Ghilean dolphins were frequently
observed feeding on small schooling fish on therehiard side outside the shellfish
farms (46%, n= 37 groups). Nine groups were obsketvepen spaces between densely
placed sets of growth lines, and in seven instadogshins appeared to cross under
suspended lines and floats. It is not known whethese lines carried vertically
suspended growth lines or consisted only of th@exnusion line held at the surface by

polystyrene or make-shift floats (Figure 2-15).
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Table 2-8. Extent of mariculture activities in southern (ajdacentral (b) Chiloé.
Information on number and size of concessionechifay areas was adapted
from a list compiled by the Chilean SubsecretagaR@sca (Anon. 2001)
updated until October 2001. The list of other applogenic activities is based

on field observations.

SG = shorebased gillnetsSCh = shipping channel (e.g. for ferrie®)i- = artisanal fishing;

EMI = extraction of marine invertebrates (e.g. boateladiving for sea urchins and shellfish
on natural banks)

a) southern Chiloé

Sector o Sgctor Number of Area _for Area fpr % of sector Other
code Sector description S|z§z CONCessions shelllesh salmogldae Ilcer_lsed for anthr(_)pog.
(km) (kn) (km?) mariculture  activities
EYA East Yaldad Bay 6.56 13 0.77 - 12 SG
WYA  West Yaldad Bay 9.58 7 0.27 0.07 4 -
NCC northern Canal Coldita ~ 3.76 - - - 0 SG
PQU  P.Queupué -l Linagua 4.38 1 - 0.04 1 -
SCC southern Canal Coldita 11.09 2 - 0.30 3 SG?
ECO East Isla Coldita 13.85 - - - 0 SCh
RNE R. Negro/P.Yatac 15.65 1 - 0.05 0.3 -
SPE C.S.Pedro+ Guamblad 32.67 8 0.31 0.33 2 -
WLA West Isla Laitec 29.09 2 - 0.29 1 SCh, EMI
BQU Bahia Quellon 37.54 11 0.80 0.10 2 SCh
ELA East Isla Laitec 36.18 1 - 0.12 0.3 EMI
WCA West Isla Cailin 8.86 2 0.02 0.15 2 -
SCA South Isla Cailin 25.83 - - - 0 EMI
BHU  Bahia Huellenquon 9.60 10 0.61 0.22 9 -
CCH Canal Chiguao 29.40 13 0.15 0.15 12 SCh
Total 274.04 63 2.92 1.82 2
b) central Chiloé
Sector o Size  Number of Area _for Area f_or % of sector Other
code Sector description (kn?)  concessions sheIIf2|sh salmorzndae Ilcensed for kn_oy\{n
(km?) (km?) mariculture  activities
CYA Canal de Yal 47.98 42 2.37 2.67 11 -
CAS Estero Castro 37.15 17 0.12 0.89 3 SCh
CHU Canal Hudson 35.57 12 0.67 1.99 7 SCh
CLE Canal Lemuy 58.24 16 0.62 1.09 3 SCh
CDA Canal Dalcahue 16.62 13 0.12 0.89 6 (SCh)
PTE Paso Tenaun 62.06 22 0.66 1.08 3 AF
Total 257.62 122 4.56 8.60 5

L Anon. 2001. Listado de Concesiones de AcuiculturhsEcretaria de Pesca, Gobierno de Chile.
Available from http://www.sernapesca.cl.

56



LS

Figure 2-13.Distribution of shellfish farms (> 10 longlinesiey box with lines) and salmonid farms (grey squaité cross) in the Chiloé
Archipelago. Note: Symbols do not represent indigidconcessions and are not to scale. Sectorshavensin dark blue with
corresponding three letter labels. See Table @-8itther details
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Figure 2-14. Spatial overlap between small cetaceans and nfiameuactivities in the Chiloé Archipelago (42-43; 74°W). Chilean
dolphins = red triangles; Peale’s dolphins = yellowicles; Burmeister's porpoises = green crossedn@id farm = grey
squares with cross; Shellfish farm (> 10 growtledin= grey boxes with lines. Note: Symbols for salid and shellfish farms
do not represent individual concessions and aretmatale. Sectors are shown in dark blue withesponding three letter
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a)
Yaldad Bay

43°06' S

43°10" S 1

Figure 2-15 Shellfish Mytilus chilensis) farms in Yaldad Bay, southern Chile.

a) Overview of location and extent of farms (darkdis) in April 2001 as
determined by theodolite readings (adapted witmgs=ion from Ribeircet al.
2005);

b) Chilean dolphins in front of capture longlinesgph S. Heinrich);

¢) Underwater view of mussel capture lines suspeifrd@a horizontal longlines
(photo: D. Schories);

d) Chilean dolphin travelling between empty longlimédsere horizontal capture lines
have recently been harvested (photo: S. Heinrich).
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2.5.DISCUSSION

This study presents the first systematic assessmokrihe distribution and co-
occurrence of Chilean dolphins and Peale’s dolpamavhere in their sympatric range.
Sightings of both species were not distributed Bventhin study areas and differed
markedly between central and southern Chiloé. EBxtensighting surveys conducted
from a small boat provided an efficient and co$tafve way to cover repeatedly an

area of more than 500 Km

2.5.1. Potential methodological biases

Survey effort varied between and within study aréespite all attempts to achieve
equal coverage. Logistic restrictions and the rdgpichanging, and often adverse,
weather conditions favoured surveys in southerdo€hand in more sheltered inshore
bays. These areas coincided with the apparent ecesftrdistribution of Chilean
dolphins, whereas Peale’s dolphins were mainly entayed in less frequently visited
areas. The use of sectors weighted by survey effartild have accounted for spatial
biases introduced by unequal survey coverage. Sdetmeation was purely based on
allocation of survey effort and survey practicakti Sectors were not designed to reflect
biologically meaningful divisions as perceived the tdolphins and were considered

spatial units independent of the occurrence of Bp#ties.

Data from a sector were only included in the analifsthe sector had been covered
completely. In most years, complete coverage ctetsisf surveying the entire area in a
randomized zig-zag pattern. In 2001 and during \lter surveys in 2004, effort
concentrated exclusively in a strip of approxima@Db0-1000 m from the shore. Thus
animals further offshore in the larger sectors ddwdve been missed. Over 98% of all
sightings of Chilean dolphins and 90% of all sight of Peale’s dolphins occurred
within 800 m from the shore, based on data frontesyatic surveys during the summer
covering the entire study area (Chapter 3). Hepsalts from alongshore surveys can
be compared to surveys with effort extending furtbat from shore. The winter
surveys, all of which were crewed by at least orpedenced observer from the
summer surveys, aimed to document the continueskpoe of Chilean dolphins in the
identified summer habitat, and did not attempt twestigate seasonal offshore

movements. The effects of low effort across sectorsvinter could not be fully
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compensated by pooling data into larger temporékuand winter results should be

considered as minimum estimates.

The probability of sighting dolphins in the diffestesectors did not seem to be biased
by differences in Beaufort sea states given the-gigmificance of this term in most
logistic regression models. In fact for safety cems outer and more exposed areas,
such as the southern shoals of Cailin (SCA) or Pemmaun (PTE), were surveyed
predominantly in good and calm conditions (Bft 0-2he use of predicted values of
occurrence derived from logistic regression modatduding all significant terms
should have accounted for the remaining potentifécts of Bft on sighting

probabilities.

The observed pattern should reflect accuratelypghitehy distribution and spatial
segregation of the small cetaceans in the Chilaghipelago and did not arise as an

artefact of the survey design or analytical techeg]

2.5.2. Chilean dolphins — distribution and behaviou

Sightings of Chilean dolphins were concentratedhree main areas in southern
Chiloé where probabilities of occurrence were higetween 60 and 90%. The
environmental features that make these selectess asach apparently “attractive”
habitat are unknown (but see Chapter 3 for an g@tténdetermine influential abiotic
variables). All areas with high intensity of use Bpilean dolphins are relatively
sheltered inshore bays and narrow channels.

The main ecological forces that drive distributipatterns in most mammals,
including cetaceans, are protection from predatawajlability of prey, suitability for
reproduction and competitive interactions (Norrsd é&Dohl 1980, Macdonald 1983,
Lima and Dill 1990). Predation on Chilean dolphives not been observed anywhere
throughout their range (Goodall 1994). The mosellikpotential predators include
killer whales Qrcinus orca) and sharks, such as Pacific sleeper shas&si{osus
pacificus) or shortfin mako sharksldurus oxyrinchus). None of these potential
predators have been reported from the inshore svatdr the eastern Chiloé
Archipelago. None of the Chilean dolphins obsenvetthis study showed scars or signs

of predatory attacks (Heinrich, pers. observatioRjey availability and non-predatory
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interactions with other species appear more likalitors underpinning the observed

distribution pattern.

When encountered, Chilean dolphins were frequeatiyaged in foraging-related
behaviours, such as feeding (i.e. presence of wesy confirmed), possibly searching
for prey in localized patches (i.e. “milling”) orooperatively pursuing and herding
potential prey (i.e. “plough”). A systematic behawial study conducted from a land-
based station overlooking Yaldad Bay in southeriio@hsupports the limited boat-
based observations from this study. Ribeiro (20@%)orted that Chilean dolphins
spend more than 50% of their time foraging andifegeth Yaldad bay during summer.
The frequency of observed feeding in dolphins hesnbused as an indicator of prey
availability and abundance in particular areas (\iand Wursig 1980, Williamet al.
1996, Markowitzet al. 2004). Congeneric Commerson’s dolphi& ¢ommersonii)
and similarly sized harbour porpoiseBh@coena phocoena) carry relatively limited
energy reserves and usually meet their energetigirements by regular food intake
(Gewalt 1990, McLellaret al. 2002). High quality and abundant prey is partidyla
important for females during the nursing period whigey have to meet the additional
energetic costs of lactation (Borjesson and ReaBR0Newborn Chilean dolphin
calves were observed from November to April and Ioers peaked in February (austral
summer). Calves and neonates were seen in allrsestth frequent use by Chilean
dolphins. Thus, areas with high intensity of userduthe summer might reflect high
quality habitat where prey is sufficiently abundémimeet elevated energetic demands

of adults and which offers suitably protected ratifior neonates and calves.

A proper assessment of the relationship betweeagiog activity and distribution
requires quantitative information on diet. The omhformation on potential prey
species stems from basic stomach content analyses small sample of Chilean
dolphins by-caught along the open coast north afo€hwhich identified sardines
(Strangomera benticki), anchoviesEngraulis ringens), robalo Eleginops maclovinus),
cephalopodsL{oligo gahi), crustaceansMunida subrugosa) and algae (Oportet al.
1990). Anecdotal observations at Chiloé suggestGhdean dolphins could be feeding
on robalo, pejerreyddontesthes sp.) and small schooling fish such sardines duttieg

summer (Heinrich, pers. observation, Oporto 198dy€tto and Medina 1991).
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Prey availability and prey type affect foragingastgies in dolphins which in turn
influence group size (Wursig 1986, Acevedo-Gutizr2€02b). The largest groups of
up to 25 Chilean dolphins were observed in sout@ritoé during foraging behaviour
where the dolphins appeared to be corralling fighng the shallow shores (also
observed by Crovetto and Medina 1991). Cooperd#igding in large groups has been
linked to abundance of schooling prey and has lieseribed for a variety of other
delphinids, such as Commerson’s dolphins (Gooeall. 1988b, Coscarella 2005),
Hector’s dolphins,C. hectori (Brager 1998), Peale’s dolphins (de Haro and Eigu
1997, Schiavinet al. 1997 this study) and more pelagic species suclusisy dolphins,
L. obscurus (Wirsig 1986). When prey is patchily distributed accurs in low
abundance dolphins tend to forage individually éduce intra-specific competition
(Irvine et al. 1981, Wiirsig 1986, Coscarella 2005).

Group sizes and encounter rates were significasrtigller in central compared to
southern Chiloé€, possibly reflecting differenceshabitat quality for Chilean dolphins.
Although occurrence was predicted to be relativalyh in Canal Dalcahue and the
outer part of Paso Tenaun, sighting probabilitiesewery variable due to low survey

effort and irregular sighting frequency.

Average group sizes observed during this study wiendar to those from incidental
sightings, ranging from two to 10 animals with aggations of several hundred animals
reported from the open coast (summarized in Goatlall. 1988a). Variation in group
size within the same species is commonly relatedifferences in habitat type and
habitat quality (Wellst al. 1980). Variation in group size not only occursatarger
physiographical scale (e.g. open coast versuseshdlbays) but also appears to reflect
much subtler small-scale differences in habitatlityuge.g. central versus southern

Chiloé, all sheltered channels).

The confirmed year-round presence of Chilean dakphin Coldita Channel in
southern Chiloé (e.g. Canal Coldita) highlights ithportance of this area and suggests
that resources were available throughout the yBalphins were seen in adjacent
Yaldad Bay in all months of the year with the gesatintensity of use from spring to
autumn. Anecdotal accounts by local mussel farmaars others suggest that Chilean
dolphins re-appear in Yaldad Bay in noticeable nersbn September after a winter
low and are then regularly seen until May (G. Buwrgand H. Chiguay, pers.
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communication, Crovetto and Medina 1991). This geral pattern of occurrence
corresponds well to the seasonal fluctuations iimary production observed in parts of
Yaldad Bay (Navarro and Jaramillo 1994). Primarydorction peaks during the
summer most likely with cascading effects acrospltic levels potentially leading to a

higher abundance of prey for the dolphins.

Anecdotal observations of Chilean dolphins fromeotiparts of their range also
indicate year-round presence in the nearshore svélisted in Goodalkt al. 1988a,
Pérez-Alvarez and Aguayo-Lobo 2002). Seasonal mesbfishore movements,
possibly related to migration patterns of prey, éhdeen suggested for other small
cetaceans in southern South America, at least its md their range (Wursig and
Wirsig 1980, Bastidat al. 1988, Goodalét al. 1995b, Goodalét al. 1997a). Offshore
distribution, however, has not been investigatestesyatically in any of these species
at any time of the year. No or low observation efia winter coupled with usually
poor sighting conditions hamper conclusions abadssnal inshore presence and
offshore movements. Rather than leaving the inshaters Chilean dolphins could
disperse alongshore if prey abundance in the surhat@tat does not sustain the same
number of individuals during the winter. Seasorlahgshore displacement of several
hundred kilometres has recently been recorded fmmr@erson’s dolphins off the
Patagonian Atlantic coast (Moehal. 2002, Coscarella 2005).

2.5.3. Peale’s dolphins — contrasting distributi@md behaviour

Peale’s dolphins were spread widely across bottystuweas. The only noticeable
exception was their complete absence from aredsgbf intensity of use by Chilean
dolphins in southern Chiloé and from Canal de Yiateéntral Chiloé. Predicted sighting
probabilities identified the coastline of Isla lestand the southern shoals of Isla Cailin
in southern Chiloé as important areas but occueremas generally low and variable.
Canal Dalcahue in central Chiloé had the highestlipted probability of occurrence.
The large variation in predicted occurrence migditect temporal variation in usage
intensities (e.g. over days or weeks) which wascoasidered in the analysis.

Despite the inherent limitations of quantifying belour during surveys (Mann 2000)
behavioural observations made during this studyigeosome clues for understanding
the observed distribution pattern. Peale’s dolphiese mainly encountered when
“travelling”, and to a lesser extend “milling” arfdocializing”. Feeding behaviour on
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small schooling fish, possibly the same type preypdn by Chilean dolphins, was
observed occasionally. Cooperative foraging asrobdgein Chilean dolphins was less
evident and similar “plough” behaviour often apmehto be performed in a social
rather than a foraging context. Groups tended tcsipall (three to five animals),
particularly when “travelling”. The observed belawi and distribution patterns were
consistent with foraging strategies where dolplarploit patchily distributed or less
abundant resources by travelling between and segrdior suitable prey patches
(Wursig 1986, Ballance 1992, Karczmarskal. 2000, Bearzi 2005c).

This travel-forage pattern has been well documemdedsmall groups of Peale’s
dolphins in the Strait of Magellan, southern Childwere their foraging behaviour and
movements are closely linked to the distributionMacrocystes pyrifera kelp forests
(Lescrauwaet 1997, Viddi and Lescrauwaet 2005)il&ily dense and widespread kelp
forests are rare in the Chiloé Archipelago. In Beut ChiloéM. pyrifera occurs in
small patches along the rocky shores of easteenQslldita, at the fringes of Bahia
Quellon and over the shallow sandy shoals of sontlhsa Cailin and southern Isla
Laitec. In central Chiloé small kelp beds are statt in Canal Dalcahue and along
parts of the western shores of Canal Hudson. Thesss are contained in the sectors
with the highest predicted probabilities of occaoe of Peale’s dolphins. A drawback
of using large geographic units like sectors i¢ tha coarse spatial resolution does not
allow the separation of important habitat patchesnfconnecting corridors used for

transit between patches.

The diet composition of Peale’s dolphins has omgrbinvestigated for a handful of
by-caught and stranded specimens from the souhauth Atlantic coast (Ifiiguez and
de Haro 1993, Schiaviet al. 1997). Peale’s dolphins appear to specialize onedeal
and bottom prey species in areas where kelp isdanir{Schiavinet al. 1997). They
seem to act more as generalist predators whenifgragrther offshore over the
shallow Argentinian shelf (Ifiguez and de Haro )983in coastal areas where kelp is
not abundant (Schiavirgt al. 1997). In Chiloé, Peale’s dolphins could be fonggi
opportunistically on dispersed prey in the shaltmastal waters by repeatedly visiting

areas of previous foraging success (see Wirsig)1986

Neonates were sighted from December to April whecbonsistent with the summer
calving season described for other areas (de Hadbl@iguez 1997, Lescrauwaet
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1997). Peale’s dolphins have been observed to imshere into kelp belts in the Strait
of Magellan for breeding (Lescrauwaet 1997). Timeittd number of observations at
Chiloé suggests that females and very small nesrsa&tek out particularly shallow, but
not necessarily secluded, areas along the shore.

2.5.4. Burmeister’s porpoises — distribution andwseighting records

Burmeister's porpoises inhabit the inshore wateffs South America from
approximately 05°S on the Pacific to 28°S on theamtic coast, possibly with
discontinuous distribution (Van Waerebeekal. 2002, Rosaet al. 2005). Elusive
behaviour, inconspicuous surfacing and long subiorersake this species particularly
difficult to observe. It is one of the very few dingetaceans for which no photographs
of live specimens have been published to date dbatAppendix I). The basic biology
of this species is relatively well known (Goodall al. 1995a, Reyes and Van
Waerebeek 1995, Brownell and Clapham 1999) due large number of carcasses
available from incidental catch in gilinet fishesjedirected take and strandings (Van
Waerebeek and Reyes 1994, VanWaereleeak 1997, Rosat al. 2005).

For Chile, only 13 confirmed sightings of Burmer&e porpoises have been
published and several unconfirmed observations dreumented in the literature
(summarized and reviewed in Goodetllal. 1995b, Van Waerebeek al. 2002). Four
of these sightings were made in the Chiloé Arclaigelduring one day (Pitman and
Ballance 1994), approximately 20 km from the easteost location of the 18

sightings made during this study.

Burmeister's porpoises were seen exclusively bpeatedly at two locations in
central Chiloé (Paso Tenaun and Canal Hudson/Daé)abAs they were sighted
regularly in areas with relatively limited effottis unlikely that they were overlooked
in other, more frequently surveyed parts of thedgtarea. Burmeister's porpoises
occurred over deeper water compared to both dokgbeécies and were usually close to
small submarine trenches reaching up to 160 m hder in areas with a noticeable
slope (based on coarse extrapolation from nautltaits).

During winter 2005, Burmeister's porpoises were esbsd during numerous
occasions close to, but not interacting with, sadrfasms in Canal Lemuy and Canal de

Yal (P. Fuentes, pers. communication). These sightare exciting as they were made

66



Chapter 2 - Distribution

by an experienced observer, document the presenBermeister's porpoises in the
same nearshore waters during the winter, and cadurr areas with relatively deep

water where cetaceans had not been observed dhisngtudy.

2.5.5. Habitat partitioning

Peale’s dolphins and Burmeister's porpoises are #blexploit a wide range of
inshore habitats on both sides of the South Amermantinent. In contrast, Chilean
dolphins are restricted to the southern South Racbast while their allopatric
congener Commerson’s dolphin overlaps with Peatfphins and Burmeister’s
porpoises along the southern South Atlantic coBiseé range separation of the two
Cephalorhynchus species has been related to the strikingly diffec@astal habitats on
the Pacific and Atlantic sides (e.g. width of caefital shelf, water clarity and type of
water mass) with a difference in their diets prdpabflecting these habitat differences
(Goodallet al. 1988a).

Intriguingly, Peale’s dolphins seem to associateqdently with Commerson’s
dolphins off the southern South Atlantic coast &uth species have been observed
foraging in mixed groups (Goodall 1988, de Haro Hiiguez 1997). Chilean dolphins
and Burmeister’s porpoises do not seem to integularly with any other cetacean
species (this study, Goodatlial. 1988b, Goodal&t al. 1995b). However, both species
were frequently caught in the same gillnets seB 2xdutical miles off the open Chilean
coast (38°S) (Reyes and Oporto 1994).

In the Chiloé Archipelago, spatial (and/or temppsagregation of Chilean dolphins,
Peale’s dolphins and Burmeister's porpoises ocduroger small spatial scales
(subkilometre range) and was consistent over seyeas. The driving forces that
shape and maintain their co-occurrence are diffitubssess in the absence of dietary
information. In well-studied sympatric dolphin spEccompetition for food resources
is reduced by dietary divergence (e.g. differestyreference, prey niche) or different
habitat use (e.g. different depth range, inshoresug offshore, habitat niche)
(summarized in Bearzi 2005b). Habitat partitionibgsed on selection of different
environmental features (e.g. depth) is a likelylamgtion of the observed distribution
patterns in Chiloé. The two dolphin species alsanséo differ in foraging strategies.
Peale’s dolphins show greater flexibility in habitsse than Chilean dolphins which

appear to exploit resources in relatively confiaeda. The three species have recently
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been observed in two fjords on the continental siglgosite Chiloé (approximately 80
km across the Golfo Corcovado) and showed a vemilasi pattern of spatial

segregation (F. Viddi, pers. communication).

Competitive exclusion of Burmeister's porpoiseslénge groups of dusky dolphins
and bottlenose dolphin3ifrsiops truncatus) has been suggested based on observations
in the Golfo San José, Argentina (Goodalhl. 1995b). Burmeister’s porpoises were
thought to occupy an intermediate niche of app8@Q - 1000 m from shore and in 5 —
15 m deep water, between inshore bottlenose ddpdsourring in waters of less than
10 m depth, and dusky dolphins with a mean deptBdofn. Displacement of Chilean
dolphins by larger Peale’s dolphins as a resutti@ct interaction has been observed in
a few instances (this study, Oporto and Gavilan0l98ut apparently aggressive
encounters are an exception. Aggressive (non-pygganteractions between cetacean
species are rare and usually not related to preard 2005b), but rather represent
sexual-dominance (Herzireg al. 2003, Psarakost al. 2003) or misdirected infanticide

(e.g. bottlenose dolphins and harbour porpoisdteiBanet al. 1998) behaviours.

2.5.6. Issues of conservation concern

Mariculture activities abound in the central anditeern Chiloé Archipelago and
most bays and channels are occupied by at leastfame. Locations without
mariculture activities are used for shellfish egti@n, fishing or constitute shipping
routes. Although no direct interactions betweeraceans and any of these activities
were observed the multitude and intensity of amgbgenic activities are bound to
impact, singly or synergistically, on the local sgstem and potentially the cetaceans

inhabiting these nearshore waters.

2.5.6.1. Mussel farms

Mussel farms have been shown to affect dolphinscti by displacing them from
potentially important habitat (Kempet al. 2003, Markowitzet al. 2004, Watson-
Capps and Mann 2005). Alterations of the local feaeb due to mussel farms have
been documented (Grange and Cole 1997, Mirtal. 2000), but cascading effects
reaching apex predators like dolphins have yetetonbestigated. Some of the largest
mussel farms occur in areas used intensively bie@hidolphins, at least during part of
the year (Figure 2-15). Chilean dolphins were &dhin Yaldad Bay long before
mussel farming was initiated there in the mid-1989sChiguay, pers. communication,
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Crovetto and Medina 1991). Recent observations estgthat dolphins could be
excluded from large parts of Yaldad bay due to @ékensive mussel farm coverage
(this study, Ribeiro 2003). Structural componestgh as floats and lines, suspended at
the surface and extending vertically into the wa@umn (often reaching close to the
bottom), could impede dolphin movements and impadioraging behaviour by acting
as visual or acoustic obstructions (Figure 2-1%¢ld~observations of dolphins (this
study, Ribeiro 2003, Watson-Capps and Mann 2008) aaptive studies of harbour
porpoises (Kasteleimt al. 1995) suggest that small cetaceans are reluatastvim
through ropes. A better understanding of Chiledptdo movements and habitat use is
required before conclusions about exclusion frotal iabitat and impacts on foraging

efficiency can be drawn.

2.5.6.2. Salmon farms

Ecological effects of fish farming (e.g. salmonitisna, and other fin fish) on the
surrounding ecosystem are numerous and varied avel teceived much attention in
recent years (Bushmamhal. 1996, Naylort al. 2000, Tovaset al. 2000, Holmeset al.
2001). Cetaceans can be impacted directly by bewpemtangled and drowned in the
netting from fish cages or anti-predator nets (Kemgnd Gibbs 2001, Kempet al.
2003). Predatory attacks on caged fish, as is camimopinnipeds (Naskt al. 2000,
Kemper et al. 2003), have yet to be reported for any cetacea&tisp. Bottlenose
dolphins in the Mediterranean have learnt to exphe@ abundant wild fish assemblages
attracted to the outside of the fish cages by am-abundance of fish feed (Beaezal.
2004b). Most fatal entanglements of dolphins appeanoccur accidentally when
dolphins feed on wild fish associated with the ftsiges (Kemper and Gibbs 2001). An
unknown number of Peale’s dolphins are thoughtawehdied in anti-predator nets at
salmon farms around Chiloé (Perehal. 1994, Claude and Oporto 2000). Foraging
behaviour around or direct interactions with salnfi@mms were not observed during

this study, neither for the two dolphin species thar porpoise.

Dolphins and porpoises alike have been excludea fpotentially important habitat
by loud aversive sounds intended to deter pinnideals predating on caged fish
(Johnston and Woodley 1998, Morton and Symonds ,2005iuket al. 2002). These
acoustic harassment devices (AHDs) were trialleslocessfully by salmon farmers in
the Chiloé Archipelago in the 1990s (Sepulveda @fida 2005), and were not used
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during this study (M. Sepulveda, pers. communicati®. Heinrich, unpublished

acoustic data).

As for mussel farms, indirect effects on cetaceaamsmpacts on and alteration of the
local food web are difficult to determine. Consenflie relevant information is lacking.
The intensity with which salmon and mussel farmiegur in the Chiloé Archipelago
generate additional, untargeted and yet potentsdiffous impacts. Boat traffic has
increased due to mariculture activities (e.g. farviest, supply and maintenance of
farms) and has increased noise levels that cowdugl or interfere with normal
behaviours of cetaceans (Richardsbal. 1995). Chilean dolphins tend to avoid boats
and alter their behaviour (at least short-terntegponse to passing boats (Crovetto and
Medina 1991, Ribeir@t al. 2005). Although such traffic is usually not taepkiat the
dolphins, effects of boats and behavioural chamgight be similar to those caused by
whale- and dolphin watching activities (Hastteal. 2003, Lemoret al. 2005, Lusseau
2005). Salmon farming introduces large quantitiesomtaminating substances such as
antifouling chemicals, antibiotics and solid maraebris into the coastal waters (Haya
et al. 2001, Miranda and Zemelman 2002). Millions of fadnsalmon have escaped
accidentally (or been released intentionally) freabmon farms in southern Chile and
constitute a threat to the native fish fauna (®btd. 2001).

2.5.6.3. Entanglement in fishing nets

Entanglement in fishing nets or bycatch constitutes largest and most imminent
global threat to small cetaceans (Retdl. 2006). Peale’s dolphins, Chilean dolphins
and particularly Burmeister’s porpoises have badiest to bycatch in Chile (Oporto
and Brieva 1990) and in other parts of their ra(Reyes and Oporto 1994, Goodl|
al. 1997b, Majlufet al. 2002). Information on bycatch of small cetaceamsthe
fisheries of Chile has never been assessed ndticsmadl has not been documented

locally anywhere in the last 20 years.

The ports of Quellon, Dalcahue and Ancud on Isldd&hsupport small artisanal
fishing fleets (mainly for hake, silversides, angies, conger eel) that fish locally and
out into the Golfo Corcovado. An adult male Burnei's porpoise washed ashore
dead in Dalcahue (approximately 400 m from theiffiglpier) in December 2002. The
carcass was secured by the local maritime autbesritand buried to prevent
consumption by local villagers (C. Maturina, pec@mmunication). Photographic
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material of the specimen was made available tofyespecies identification and
determine clear net entanglement marks around noetsand head of the animal

(photographs courtesy of C. Maturina, Gobernaci@mitiina, Castro).

Given that members of the genDgphalorhynchus and the Phocoenoidae (porpoises)
are particularly prone to entanglement in fishimgug(Read and Gaskin 1988, Dawson
1991, Reyes and Oporto 1994, Crespo et al. 1997Weerebeekt al. 1997, d'Agrosa
et al. 2000) it is reasonable (but currently unsarfigated) to assume some ongoing
bycatch of Chilean dolphins and Burmeister’s paspsi(and possibly Peale’s dolphins)
off Chiloé.

One of the ecological challenges generated by salfaoming in Chile is the
unintended (or intended) release of millions ofnfad salmon which act as exotic
predators and competitors to the native fish faBeato et al. (2001) suggest that
artisanal fishing constitutes the best way of adhirg and removing escaped farm fish
from the wild. Escaped salmon have become a lweratiternative target for the
struggling artisanal fishing industry (Soéb al. 2001), and are caught in increasing
numbers in shorebased gilinets. Shorebased gilaretshe “poor man’s ticket” to the
salmon bonanza and escaped farmed salmon have bexdnerative product on the
larger local markefs(Heinrich, pers. observation). Nets are placedhia shallow
intertidal zone perpendicular to shore and are de#ittended. They only fish around
high tide, which coincides with regular foragingiaties of Chilean dolphins in the
same area (Heinrich, pers. observation, Ribeira3R0CGhilean dolphins purportedly
have been caught in these nets but were released &5. Burgos, pers.
communication). Whether entanglement occurs relyu@r in substantial numbers is
unknown at present. The fact that congeneric Cormomés dolphins are subject to high
levels of bycatch in the same type of intertiddingt (Iniguezet al. 2003) should be

reason for concern.

2.5.7. Concluding remarks
Knowledge of the distribution patterns and occuweef small cetaceans in the
Chiloé Archipelago provides a baseline understanpdih how these species interact

with each other and their environment. Such infdiomaalso helps to determine

% (declared as freshly caught “wild” salmon to unwianyrists)
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potential areas of conflict between coastal cetazead human activities. The practical
challenges of studying cetaceans can make it diffio detect environmental impacts
upon them unless (or until) the effects are vemese Each individual impact may be
sustainable (or too small to detect). For effectmanagement of coastal areas and
sustainable use of local resources the cumulatind potentially synergistic) effects of
all potentially impacting activities on a specidsosld be considered. Given the
differences in distribution and behaviour, Chiledalphins, Peale’s dolphins and
Burmeister’s porpoises might be affected to varyilegrees by the different types of
human activities. Information on the occurrencesaofall cetaceans in the Chiloé
Archipelago helps to raise awareness about thesgiespand introduces them to the
regional planning authorities charged with sustalimaesource managem&muif these
coastal waters.

% In Chile, all marine mammals are managed as ‘fmearésource” (Iriarte 1999).

72



Chapter 2 - Distribution

2.6.REFERENCES

Acevedo-Gutiérrez, A. 2002a. Interactions betweeaarime predators: dolphin food
intake is related to number of sharks. Marine EgplBrogress Series 240:267-
271.

Acevedo-Gutiérrez, A. 2002b. Group behaviour. Pag#s544in W. F. Perrin, B.
Wirsig, and J. G. M. Thewissen, editors. The Eropetlia of Marine
Mammals. Academic Press, San Diego.

Aguayo-Lobo, A., D. Torres Navarro, and J. Acev&hmirez. 1998. Los mamiferos
marinos de Chile: I. Cetacea. Ser. Cient. INACHL98159.

Akaike, H. 1973. Information theory and an extens@f the maximum likelihood
principle. Pages 267-28in B. N. Petrov and F. Csaki, editors. Second
International Symposium on Information theory. A&adai Kiado, Budapest.

Alvial, A. L. 1991. Aquaculture in Chilean enclosedastal seas. Management and
prospects. Marine Pollution Bulletin 23:789-792.

Ballance, L. T. 1992. Habitat use patterns and eargf the bottlenose dolphin in the
Gulf of California, Mexico. Marine Mammal Science82-274.

Barlow, J., T. Gerrodette, and J. Forcada. 200d&tofa affecting perpendicular sighting
distances on shipboard line-transect surveys ftaceans. J. Cetacean Res.
Manage. 3:201-212.

Bastida, R., V. Lichtschein, and R. N. P. Goodal988. Food Habits of
Cephalorhynchus commersonii off Tierra del Fuego. Pages 143-160R. L.
Brownell and G. P. Donovan, editors. Biology of tpnusCephal orhynchus.
Rep. Int Whal. Commn., Special Issue 9. Cambridge.

Bearzi, G., D. Holcer, and G. Notarbartolo-di-Sca2@04a. The role of historical
dolphin takes and habitat degradation in shapiegptiesent status of northern
Adriatic cetaceans. Aquatic Conservation: Marind &neshwater Ecosystems
14:363-379.

Bearzi, G., F. Quondam, and E. Politi. 2004b. Roitlse dolphins foraging alongside
fish farm cages in eastern lonian Sea coastal sakuropean Research on
Cetaceans 15:292-293.

Bearzi, M. 2005a. Habitat partitioning by three @ps of dolphins in Santa Monica
Bay, California. Bull. Southern California Acad.i3604:113-124.

Bearzi, M. 2005b. Dolphin sympatric ecology. MarBielogy Research 1:165-175.

Bearzi, M. 2005c Aspects of the ecology and behaviour of bottlendséhins
(Tursiops truncatus) in Santa Monica Bay, California. J. Cetacean R&mage.
7:75-83.

Borjesson, P., and A. J. Read. 2003. Variation iming of conception between
populations of the harbor porpoise. Journal of Maogy 84:948-955.

Brager, S. 1998. Feeding associations between irbitded terns and Hector's
dolphins in New Zealand. The Condor 100:560-562.

73



Chapter 2 - Distribution

Brownell, R. L. J.,, and P. J. Clapham. 1999. Bustegis porpoisePhocoena
spinipinnis, Burmeister 1865. Pages 393-4h(5. H. Ridgway and R. Harrison,
editors. Handbook of Marine Mammals. Academic Rr8as Diego.

Burnham, K. P., and D. R. Anderson. 2002. Modetc@n and multimodel inference,
2nd edition. Springer-Verlag, New York.

Bushmann, A. H., D. A. Lépez, and A. Medina. 1986review of the environmental
effects and alternative production strategies ofimeaaquaculture in Chile.
Aquaculture Engineering 15:397-421.

Carroll, C., W. J. Zielinski, and R. F. Noss. 199%ing Presence-Absence Data to
Build and Test Spatial Habitat Models for the Frshrethe Klamath Region,
U.S.A. Conservation Biology 13:1344-1359.

Claude, M., and J. Oporto. 2000. La ineficiencidadsalmonicultura en Chile. Terram
Publications, Santiago, Chile.

Connel, J. H. 1980. Diversity and the co-evolutmihcompetitors, or the ghost of
competition past. Oikos 35:131-138.

Coscarella, M. 2005. Ecologia, comportamiento ylwa@én del impacto de
embarcaciones sobre manadas de tonina dvephalorhynchus commersonii
en Bahia Engano, Chubut. Ph.D. thesis. UnversigaBuknos Aires, Buenos
Aires, Arg.

Crespo, E. A., S. N. Predraza, S. L. Dans, M. Kon&b, L. M. Reyes, N. A. Garcia,
and M. Coscarella. 1997. Direct and indirect effeat the Highseas Fisheries
on the marine mammal populations in the northethaamtral Patagonian coast.
Journal of Northwest Atlantic Fisheries Sciencel82:-207.

Croll, D. A., B. Marinovic, S. R. Benson, F. P. @ka, N. Black, R. Ternullo, and B.
R. Tershy. 2005. From wind to whales: trophic linksa coastal upwelling
system. Marine Ecology - Progress Series 289:1107-13

Crovetto, A., and G. Medina. 1991. Comportement dauphin chilien
(Cephalorhynchus eutropia, Gray, 1846) dans les eaux du sud du Chili.
Mammalia 55:329-338.

d'Agrosa, C., C. E. Lennert-Cody, and O. Vidal. 200aquita bycatch in Mexico's
artisanal gillnet fisheries: driving a small pogida to extinction. Conservation
Biology 14:1110-1119.

Dawson, S. M. 1991. Incidental catch of Hector'fpkims in inshore gillnets. Marine
Mammal Science 7:118-132.

de Haro, J. C., and M. A. Iiiguez. 1997. Ecology Behaviour of the Peale's dolphin,
Lagenrhynchus australis (Peale, 1848) at Carbo Virgenes in Patagonia,
Argentina. Rep. Int. Whal. Commn. 47:723-727.

Ebensperger, L. A., and C. Botto-Mahan. 1997. Udeabitat, size of prey, and food-
niche relationships of two sympatric otters in $@ubmost Chile. Journal of
Mammalogy 78:222-227.

Emlen, S. T., and L. W. Oring. 1977. Ecology, séxeection and the evolution of
mating systems. Science 197:215-221.

74



Chapter 2 - Distribution

Gewalt, W. 1990. The Jacobita, or Commerson's dolp{Cephalorhynchus
commersoni Observations and live capture in Argentinian ardléan waters
1978, 1980 and 1984. Aquatic Mammals 16:53-64.

Gilg, O., and E. W. Born. 2005. Recent sightingsh® bowhead whale (Balaena
mysticetus) in Northeast Greenland and the Grednl&ea. Polar Biology
28:796-801.

Goodall, R. N. P. 1988. Commerson's dolphiephalorhynchus commersonii
(Lacépede 1804). Pages 241-267S. H. Ridgway and R. Harrison, editors.
Handbook of Marine Mammals. Academic Press, London.

Goodall, R. N. P. 1994. Chilean dolp@ephal orhynchus eutropia (Gray 1846). Pages
269-287in S. H. Ridgway and R. Harrison, editors. HandbodkMarine
Mammals. Academic Press, London.

Goodall, R. N. P., J. C. de Haro, F. Fraga, M. iigliez, and K. S. Norris. 1997a.
Sightings and Behaviour of the Peale's dolphagenrhynchus australis with
notes on dusky dolphing,. obscurus, off southernmost South America. Rep.
Int. Whal. Commn. 47:757-775.

Goodall, R. N. P., K. S. Norris, W. E. Schevill,FFaga, R. Praderi, M. A. Iiiguez, and
J. C. de Haro. 1997b. Review and update on the@dpobf the Peale's dolphin,
Lagenrhynchus australis. Rep. Int. Whal. Commn. 47:777-796.

Goodall, R. N. P., K. S. Norris, A. R. GaleazziAJOporto, and I. S. Cameron. 1988a.
On the Chilean DolphinCephalorhynchus eutropia (Gray, 1846). Pages 197-
257 in R. L. Brownell and G. P. Donovan, editors. Biologf the genus
Cephalorhynchus. Rep. Int Whal. Commn., Special Issue 9. Cambridge

Goodall, R. N. P., A. R. Galeazzi, S. Leatherwd¢dW. Miller, I. S. Cameron, R. K.
Kastelein, and A. P. Sobral. 1988b. Studies of Cemson's Dolphins,
Cephal orhynchus commer sonii, off Tierra del Fuego, 1976-1984, with a review
of Information on the Species in the South AtlanfRrages 3-70n R. L.
Brownell and G. P. Donovan, editors. Biology of tienusCephal orhynchus.
Rep. Int Whal. Commn., Special Issue 9. Cambridge.

Goodall, R. N. P., K. S. Norris, G. Harris, J. Ap@to, and H. P. Castello. 1995a.
Notes on the Biology of the Burmeister's porpoRleocoena spinipinnis, off
southern South America. Pages 317-3d47A. Bjorge and G. P. Donovan,
editors. Biology of the Phocoenids. Rep. Int Wi@mmn., Special Issuel6.
Cambridge.

Goodall, R. N. P., B. Wiirsig, M. Wirsig, G. Harrad K. S. Norris. 1995b. Sightings
of Burmeister's porpoisdé?hocoena spinipinnis, off southern South America.
Pages 297-316n A. Bjorge and G. P. Donovan, editors. Biology bt
Phocoenids. Rep. Int Whal. Commn., Special Issu€aébridge.

Grange, K., and R. Cole. 1997. Mussel farming ingatquaculture Update 17:1-3.

Hale, P. T., A. S. Barretto, and G. J. B. Ross.02@omparative morphology and
distribution of theaduncus andtruncatus forms of bottlenose dolphin Tursiops
in the Indan and western Pacific Oceans. Aquatimials 26:101-110.

75



Chapter 2 - Distribution

Hastie, G. D., B. Wilson, L. H. Tufft, and P. M. @impson. 2003. Bottlenose dolphins
increase breathing synchrony in response to bedfictr Marine Mammal
Science 19:74-84.

Haya, K., L. E. Burridge, and B. D. Chang. 2001viesnmental impact of chemical
wastes produced by the salmon aquaculture induklfyS Journal of Marine
Science 58:492-496.

Heithaus, M. 2001. Shark attacks on bottlenosehilodp(Tursiops truncatus) in Shark
Bay, Western Australia: Attack rate, bite scar,qérencies, and attack
seasonality. Marine Mammal Science 17:526-539.

Heithaus, M. R., and L. M. Dill. 2002. Food availdip and tiger shark predation risk
influence bottlenose dolphin habitat use. Ecologyt80-491.

Hernandez-Rodriguez, A., C. Alceste-Oliviero, Rn&wez, D. Jory, L. Vidal, and L.
Constain-Franco. 2000. Aquaculture developmentdgen Latin America and
the Caribbean. Pages 337-3B6R. P. Subasinghe, P. Bueno, M. J. Philips, C.
Hough, and S. M. McGladdery, editors. Aquaculturethe third millenium,
Bangkok, Thailand.

Herzing, D. L., K. Moewe, and B. J. Brunnick. 200&erspecific interactions between
Atlantic spotted dolphinsenella frontalis, and bottlenose dolphin$ursiops
truncatus, on Great Bahama Bank, Bahamas. Aquatic MammaB33341.

Hill, J. K. 1999. Butterfly spatial distribution drhabitat requirements in a tropical
forest: impacts of selective logging. Journal oppfgd Ecology 36:564-572.

Holmer, M., P. Lassus, J. E. Steward, and D. J.dMHh| editors. 2001. ICES
Symposium on Environmental Effects of Mariculture.

Hucke-Gaete, R., editor. 2000. Review of the Cora@n Status of Small Cetaceans
in Southern South America. CMS Report.

Iniguez, M., M. Hevia, C. Gasparrou, A. Tomsin, @dSecchi. 2003. Preliminary
estimate of incidental mortality of Commerson'spihihs Cephal orhynchus
commersonii) in an artisanal setnet fishery in La Angelina &eand Rio
Gallegos, Santa Cruz, Argentina. LAJAM 2:87-94.

IAiguez, M. A., and J. C. de Haro. 1993. Prelimnaaports of feeding habits of the
Peale's dolphinsLégenorhynchus australis) in southern Patagonia. Aquatic
Mammals 2:35-37.

Iriarte, A. 1999. Marco legal relativo a la conseén y uso sustentable de aves,
mamiferos y reptiles marinos en Chile. Estud. Ockd8:5-12.

Irvine, A. B., M. D. Scott, R. S. Wells, and J. Kaufmann. 1981. Movements and
activities of the Atlantic bottlenose dolphifursiops truncatus, near Sarasota,
Florida. Fishery Bulletin 79:671-688.

Jefferson, T. A., S. Leatherwood, and P. M. Wel#031L Marine Mammals of the
World. United Nations Environment Programme, Foaad aAgricultural
Organization of the United Nations, Rome.

Johnston, D., and T. Woodley. 1998. A survey ofuatic harassment device use at
salmon aquaculture sites in the Bay of Fundy, N8p&&la. Aquatic Mammals
24:51-61.

76



Chapter 2 - Distribution

Karczmarski, L., V. G. Cockroft, and A. McLachl&000. Habitat use and preferences
of Indo-Pacific Humpback dolphinSousa chinensis in Algoa Bay, South
Africa. Marine Mammal Science 16:65-79.

Kastelein, R. A., D. D. Haan, and C. Staal. 199Bh&yiour of harbour porpoises
(Phocoena phocoena) in response to ropes. Pages 699®. E. Nachtigall, J.
Lien, W. W. L. Au, and A. J. Read, editors. Harb®orpoises - Laboratory
studies to reduce bycatch. De Spil Publishers, \d&erThe Netherlands.

Kemper, C. M., and S. E. Gibbs. 2001. Cetaceamaatiens with tuna feedlots at Port
Lincoln, South Australia and recommendations fonimising entanglements.
Journal of Cetacean Research and Management 39283-2

Kemper, C. M., D. Pemberton, M. H. Cawthorn, S.rideh, J. Mann, B. Wirsig, P.
Shaugnessy, and R. Gales. 2003. Aquaculture andhenamammals - co-
existence or conflict? Pages 208-28M. Gales, M. Hindell, and R. Kirkwood,
editors. Marine Mammals: Fisheries, Tourism and dgment Issues. CSRIO
publishing, Melbourne.

Le Boeuf, B. J., D. E. Crocker, D. P. Costa, SBRckwell, P. M. Webb, and D. S.
Houser. 2000. Foraging ecology of northern elephaedals. Ecological
Monographs 70:353-382.

Lemon, M., T. P. Lynch, D. H. Cato, and P. G. Harto2005. Response of travelling
bottlenose dolphins Tirsiops adunctus) to experimental approaches by a
powerboat in Jervis Bay, New South Wales, Austr&ialogical Conservation
127:363-372.

Lescrauwaet, A.-K. 1997. Notes on the behaviour ecwlogy of the Peale's dolphin,
Lagenrhynchus australis, in the Strait of Magellan, Chile. Rep. Int. Whal.
Commn. 47:747-755.

Lima, S. L., and L. M. Dill. 1990. Behavioral decgs made under the risk of
predation: a review and prospectus. Canadian JbofZaology 68:619-640.

Lusseau, D. 2005. Residency pattern of bottlenadehths Tursiops spp. in Milford
Sound, New Zealand is related to boat traffic. Marftcology - Progress Series
295:265-272.

Macdonald, D. W. 1983. The ecology of carnivoreiaolbehaviour. Nature 301:379-
382.

Majluf, P., E. A. Babcock, J. C. Riveros, M. A. $eiber, and W. Alderete. 2002.
Catch and bycatch of sea birds and marine mammaleeismall- scale fishery
of Punta San Juan, Peru. Conservation Biology B311343.

Mann, J. 2000. Unravelling the dynamics of sodfel IPages 45-6/ J. Mann, R. C.
Connor, P. L. Tyack, and H. Whitehead, editors.aCed#n societies: field
studies of dolphins and whales. University of Ch&ress.

Markowitz, T. M., A. D. Harlin, B. Wursig, and C. WMicFadden. 2004. Dusky dolphin
foraging habitat: overlap with aquaculture in Newealand. Aquatic
Conservation: Marine and Freshwater Ecosystems334t29.

77



Chapter 2 - Distribution

Martin, A. R., and V. M. da Silva. 2004. River dbips and flooded forest: seasonal
habitat use and sexual segregation of botom (geoffrensis) in an extreme
cetacean environment. Journal of Zoology 263:2%-30

McLellan, W. A., H. N. Koopman, S. A. Rommel, A. Read, C. W. Potter, J. R.
Nicolas, A. J. Westgate, and D. A. Pabst. 2002o@etetic allometry and body
composition of harbour porpoiseBhpcoena phocoena, L.) from the western
North Atlantic. Journal of Zoology 257:457-471.

Miranda, C. D., and R. Zemelman. 2002. Bacteriagistance to oxztetracycline in
Chilean salmon farming. Aquaculture 212:31-47.

Mirto, S., T. La Rosa, R. Danovaro, and A. Mazz@@00. Microbial and meiofaunal
response to intense mussel-farm biodeposition iasteb sediments of the
western Mediteranean. Marine Pollution Bulletin243t-252.

Mora, N., S. N. Pedraza, M. A. Coscarella, and E.Chespo. 2002. Estimacion de
abundancia de toninas over&gghal orhynchus commersonii) en Bahia Engano
por medio de técnicas de captura-recaptura. Pa4d6in 10a Reunion de
Trabajo de Especialistas en Mamiferos Acuatico8mdérica del Sur, Valdivia,
Chile.

Morton, A. B., and H. K. Symonds. 2002. Discplacaim& Orcinus orca (L.) by high
amplitude sound in British Columbia, Canada. ICESrdal of Marine Science
59:71-80.

Nash, C. E., R. N. lwamoto, and C. V. W. Mahnke@0@ Aquaculture risk
management and marine mammal interactions in thefi®aNorthwest.
Aquaculture 183:307-323.

Navarro, J. M., and R. Jaramillo. 1994. Evaluaciteshla oferta alimentaria natural
disponible a organismos filtradores de la bahiardilad, sur de Chile. Rev.
Biolo. Mar. 29:57-75.

Naylor, R. L., R. J. Goldburg, J. H. Primavera, Kautsky, M. C. M. Beveridge, J.
Clay, C. Folke, J. Lubchenco, H. Mooney, and M. €llto2000. Effect of
aquaculture on world fish supplies. Nature 405:10024.

Norris, K. S., and T. P. Dohl. 1980. The structargl functions of cetacean schools.
Pages 211-26in L. M. Herman, editor. Cetacean behavior: Mechan&smd
functions. John Wiley & Sons Inc.

Olesiuk, P. F., L. M. Nichol, M. J. Sowden, and&JB. Ford. 2002. Effect of the sound
generated by an acoustic harassment device onethve abundance and
distribution of harbor porpoisesPlfocoena phocoena) in Retreat Passage,
British Columbia. Marine Mammal Science 18:843-862.

Oporto, J. 1987. Aspectos fisiologicos del delfimleno Cephalorhynchus eutropia
Gray, 1846 (Cetaea Delfinidae) en cautiverio. Pap@s in Anais dea 2a
Reuniao de trabalho de esecialistas em mamifergiiags da América do Sul,
Rio de Janeiro, Brazil.

Oporto, J. A., and L. M. Brieva. 1990. Interacciéntre la pesqueria artesanal y
pequefios cetaceos en la localidad de Queule (IdnedChile. Pages 197-204
in 4. Reunion de Trabajo de Especialistas en Mansfé@uaticos de America
del Sur, Valdivia, Chile.

78



Chapter 2 - Distribution

Oporto, J. A., L. M. Brieva, and P. Escare. 1990arces en el conocimiento de la
biologia del delfin chileno,Cephalorhynchus eutropia (Gray, 1846).in
Resumes, 4. Reunion de Trabajo de Especialistddaeniferos Acuaticos de
América del Sur, Valdivia, Chil.

Oporto, J. A., and M. Gavilan. 1990. Conducta delfinl austral Lagenorhynchus
australis) en la Bahia de Manao (Chiloé), Chile. Pagesrbda Reunion de
Trabajo de Especialistas en Mamiferos Acuatico8rdérica del Sur, Valdivia,
Chile.

Patterson, I. A. P., J. P. Reid, B. Wilson, K. Gee] H. M. Ross, and P. M. Thompson.
1998. Evidence for infanticide in bottlenose dolghian explanation for violent
interactions with harbour porpoises? Proc. R. §ond. B 265:1167-1170.

Pérez-Alvarez, M. J., and A. Aguayo-Lobo. 2002. |legta del delfin chileno
Cephalorhynchus eutropia, en la yona de Constitucion, Chile central. Pages
45 in 10a Reunidon de Trabajo de Especialistas en Maosifé&cuaticos de
América del Sur, Valdivia, Chile.

Perrin, W. F., G. P. Donovan, and J. Barlow, editd®94. Gillnets and Cetaceans.
International Whaling Commission, Cambridge, UK.

Pitman, R. L., and L. T. Ballance. 1994. Incidersightings of cetaceans in the Chilean
Fjords during March 1994. Paper SC/46/0 194 presemd the Scientific
Committee for the 44th Annual Meeting of the Intranal Whaling
Commission. 4 pages. unpublished.

Psarakos, S., D. L. Herzing, and K. Marten. 2008&eld-species associations between
Pantropical spotted dolphinSténella attenuata) and Hawaiian spinner dolphins
(Senella longirostris) off Oahu, Hawaii. Aquatic Mammals 29:390-395.

R-DevelopmentCoreTeam. 2004. A language and erwieot for statistical
computing. Version 1.9.0. R Foundation for Stataticomputing, Vienna,
Austria.

Read, A. J., P. Drinker, and S. P. Northridge. 2@catch of Marine Mammals in
U.S. and Global Fisheries. Conservation Biologyl8G:169.

Read, A. J., and D. E. Gaskin. 1988. Incidentattcaf Harbour Porpoises by gill nets.
Journal of Wildlife Management 52:517-523.

Reyes, J. C., and J. A. Oporto. 1994. Gillnet fidseand cetaceans in the Southeast
Pacific. Pages 467-4744 W. F. Perrin, G. P. Donovan, and J. Barlow, editor
Gillnets and Cetaceans. Rep. Int Whal. Commn., i@pkssue 15. Cambridge.

Reyes, J. C., and K. Van Waerebeek. 1995. Aspdctheobiology of Burmeister
porpoises from Peru. Pages 349-364A. Bjorge and G. P. Donovan, editors.
Biology of the Phocoenids. Rep. Int Whal. Commnpe&al Issue 16.
Cambridge.

Ribeiro, S. 2003. Ecologia comportamental do gbbkthileno, Cephal orhynchus
eutropia (Gray 1846): Selecao de habitat e interacoes ¢mdades antropicas
no sul do Chile. M.Sc. thesis. Universidad FeddmRio Grande do Sul, Porto
Alegre.

79



Chapter 2 - Distribution

Ribeiro, S., F. A. Viddi, and T. R. O. Freitas. 808ehavioural Responses of Chilean
Dolphins Cephalorhynchus eutropia) to Boats in Yaldad Bay, Southern Chile.
Aquatic Mammals 31:234-242.

Richardson, W. J., C. R. Greene, |. C. Malme, andHD Thomson. 1995. Marine
mammals and noise. Academic Press, San Diego.

Rosa, S., M. C. Milinkovitch, K. VanWaerebeek, Jerék, J. Oporto, J. Alfaro-
Shigueto, M.-F. van Bressem, R. N. P. Goodall, andCassens. 2005.
Population structure of nuclear and mitochondritlADvariation among South
American Burmeister's porpoisesPhpcoena spinipinnis). Conservation
Genetics 6:431-443.

Roughgarden, J. 1976. Resource partitioning amoogipeting species - a
coevolutionary approach. Theoretical Populationdgjg 9:388-424.

Rushton, S. P., P. W. W. Lurz, R. Fuller, and PGarson. 1997. Modelling the
distribution of the red and grey squirrel at thedscape scale: a combined GIS
and population dynamics approach. Journal of Agdieology 34:1137-1154.

Saulitis, E., C. Matkin, L. G. Barrett-Lennard, Keise, and G. Ellis. 2000. Foraging
strategies of sympatric killer whaleOr(cinus orca) populations in Prince
William Sound, Alaska. Marine Mammal Science 16199.

Schiavini, A. C. M., R. N. P. Goodall, A.-K. Lesowaet, and M. K. Alonso. 1997.
Food habits of the Peale's dolphimgenorhynchus australis; Review and new
information. Rep. Int. Whal. Commn. 47:827-833.

Sepulveda, F., S. L. Marin, and J. Carvajal. 200dtazoan parasites in wild fish and
farmed salmon from aquaculture sites in southerileCAquaculture 235:89-
100.

Sepulveda, M., and D. Oliva. 2005. InteractionsMeein South American sea lions
Otaria flavescens (Shaw) and salmon farms in souti@hile. Aquaculture
Research 36:1062-1068.

SERNAPESCA. 2004. Anuario estadistico de pescavi@erNacional de Pesca,
Ministerio de Economia Fomento y ReconstrucciénleCh

Soto, D., F. Jara, and C. Moreno. 2001. Escapedosain the inner seas, southern
Chile: Facing ecological and social conflicts. Egptal Applications 11:1750-
1762.

Stensland, E., A. Angerbjorn, and P. Berggren. 200ied species groups in
mammals. Mammal Review 33:205-223.

Teilmann, J. 2003. Influence of sea state on dgrestimates of harbour porpoises
(Phocoena phoceona). J. Cetacean Res. Manage. 5:85-92.

Tovar, A., C. Moreno, M. P. Manuel-Vez, and M. Qafr¥argas. 2000. Environmental
impacts of intensive aquaculture in marine watéfater Research 34:334-342.

Van Waerebeek, K., and J. C. Reyes. 1994. Postimatl cetacean take off Peru: A
review. Pages 503-51@ W. F. Perrin, G. P. Donovan, and J. Barlow, editor
Gillnets and Cetaceans. Rep. Int Whal. Commn., i@plssue 15. Cambridge.

80



Chapter 2 - Distribution

Van Waerebeek, K., L. Santillan, and J. C. Reye3022 An unusually large
aggregation of Burmeister's porpoise Phocoena @pms off Peru, with a
review of sightings from the eastern South PacMaseo National de Historia
National - Noticiario Mensual 350:12-17.

Van Waerebeek, K., M.-F. van Bressem, F. Félialfaro-Shigueto, A. Garcia-Godos,
L. Chavez-Lisambart, K. Ontén, D. Montes, and RlldB€el997. Mortality of
dolphins and porpoises in coastal fisheries offuPand southern Ecuador in
1994. Biological Conservation 81:43-49.

Viddi, F. A., and A.-K. Lescrauwaet. 2005. Insight&én Habitat Selection and
Behavioural Patterns of Peale's Dolphihsgenorhynchus australis) in the
Strait of Magellan, Southern Chile. Aquatic Mamn1&ls176-183.

Watson-Capps, J. J., and J. Mann. 2005. The eftgfc@quaculture on bottlenose
dolphin (Tursiops sp.) ranging in Shark Bay, Western Australia. Bjotal
Conservation 124:519-526.

Weilgart, L., H. Whitehead, and K. Payne. 1996. dlossal convergence. American
Scientist 84:278-287.

Wells, R. S., A. B. Irvins, and M. D. Scott. 1980he social ecology of inshore
odontocetes. Pages 263-317 L. M. Herman, editor. Cetacean behavior:
mechanisms and functions. John Wiley & Sons, NewkYo

Whitehead, H., J. Christal, and S. Dufault. 199&tRnd distant whaling and the rapid
decline of sperm whales off the Galapagos Islar@@snservation Biology
11:1387-1396.

Williams, T. M., S. F. Shippee, and M. M. Rothe.949 Strategies for reducing
foraging costs in dolphinsn S. P. R. Greenstreet and M. L. Tasker, editors.
Aquatic Predators and their Prey. Fishing News Bp@kford, UK.

Wirsig, B. 1986. Delphinid foraging strategies. &a847-359n R. J. Schusterman, J.
A. Thomas, and F. G. Wood, editors. Dolphin cognitiand behavior: a
comparative approach. Lawrence Erlbaum Associatesjon.

Wirsig, B., and M. Wiursig. 1980. Behavior and eggloof the Dusky dolphin,
Lagenorhynchus obscurus, in the South Atlantic. Fishery Bulletin 77:871689

81



Chapter 3 Habitat selection in Chilean dolphins andPeale’s dolphins

3.1.ABSTRACT

Habitat use patterns of mobile animals, such aaceens, are linked to the
heterogeneous distribution of resources cruciahéar survival. Thus, identifying the
relationship between the distribution of cetaceand environmental characteristics
provides insights into their ecology and helps idgrthe location and extent of
important habitat. Habitat selection models wereettgped and tested for two
sympatric delphinids, Chilean dolphins and Peatsitphins, inhabiting the inshore
waters of the Chiloé Archipelago (42-43°S) in seathChile. Occurrence of dolphins
(absence-presence) in relation to selected enveotehand anthropogenic variables
was recorded during systematic boat-based sightidghabitat surveys. Sighting data
collected during two austral summers and autumnse weed to develop species-
specific habitat models using logistic regressianai model selection framework.
Predictive performance of the derived habitat medshs evaluated with cross-
validation and randomisation tests on an indepdandiataset. Chilean dolphins
showed a clumped distribution, occurred mainly withOO m from shore, in shallow
water (< 20 m) and in the vicinity of rivers. Prbidy of occurrence was highest in
sheltered inshore channels and bays in southedo&;lind was restricted to isolated
patches in central Chiloé. Peale’s dolphins occuinea similar range of depth and
distance to shore and showed a positive relatipnsith distance to mussel farms and
salmon farms. Their probability of occurrence waghbst in several shallow patches
in central Chiloé and shallow shoals along exposkdres in southern Chiloé.
Modelling occurrence of both species in relationet@mch other identified spatial
factors, distance to rivers and mussel farms asnb& important features explaining
their small-scale habitat partitioning. The combim@a of distance to river and mussel
farms reflects the preference of Chilean dolphias $pecific environmental
characteristics in southern Chiloé and can be pnt¢éed as proxy for nutrient-rich
estuarine bays. The predictive models developedhia study have identified
important areas for each species in southern amttat€hiloé (based on frequency of
occurrence) and provide a rigorous framework tot té® general ecological
importance of the identified habitat characterssfior the distribution of these poorly

known species in other areas.
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Chapter 3 — Habitat selection

3.2.INTRODUCTION

Habitat is defined as the physical and biotic emvinent in which an organism or
community lives (Allaby 1992, p. 209). Cetaceandaint a complex three-
dimensional environment that is delineated by cig#iomorphological properties and
is characterized by dynamic oceanographic and dbietatures. The heterogeneous
and fluctuating nature of the marine environmentallg leads to a patchy and
clumped distribution of suitable habitat which ngespecies-specific and individual-

specific requirements (Steviek al. 2002).

Habitat selection is a behavioural consequencenmhals actively selecting where
they live (within the constraints of their physigloand life-history strategies), or
passively persisting in certain habitats (Boyce &hcDonald 1999). Habitat use
patterns are a consequence of the influence odtgaleon survival and reproduction,
and the need to optimise the use of resources tanmze fitness (Boyce and
McDonald 1999, Stevickt al. 2002).

Habitat selection usually reflects a trade-off bstw the benefit of resource gain
(e.g. prey, mates) and the threat of predation & snd Dill 1990, Bjgrge 2001).
Information on the distribution of prey and predatof cetaceans is very difficult to
obtain and is lacking for most species. Only a fanof studies have investigated a
direct link between habitat use of cetaceans amddtstribution of their prey (e.g.
Fiedler et al. 1998, Macleocet al. 2004, Crollet al. 2005) and predators directly
(Acevedo-Gutiérrez 2002, Heithaus and Dill 2002).

Instead, most studies relate the distribution activity patterns of cetaceans to
more easily determined environmental variablesciviaire considered to be proxies
for the availability of crucial resources. Theselude fixed physical features (e.g.
bathymetry, slope: Reilly 1990, Gowans and Whiteh&895, Daviset al. 1998,
Brageret al. 2003, Griffin and Griffin 2003, Hastiet al. 2005), temporally variable
physical and/or chemical properties (e.g. sea-sarfemperature, currents, salinity,
water clarity: Reilly 1990, Davist al. 1998, Bréageet al. 2003, Griffin and Griffin
2003), and/or indications of biological productwitSmith et al. 1986, Griffin and
Griffin 2003, Johnstoet al. 2005).
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Selection of (or preference for) a particular hatbdharacterized by one or several
environmental variables usually is inferred if tha&rget species is seen more
frequently or encountered in greater numbers is tiabitat type than would be
expected by chance alone (Mamdy al. 1993, Boyce and McDonald 1999). Thus,
habitat selection analysis considers the distmutr density of animals in relation to
the habitat available to them.

Predictive habitat models go beyond finding expiana relationships. While
understanding where a species occurs is a fundamenblogical requirement,
prediction of occurrence is essential for consésmatnd population management
(Boyce and McDonald 1999, Hill 1999, Cabezaal. 2004, Gibsonet al. 2004,
Jeganatharet al. 2004). Cetaceans are subject to a wide varietgndifiropogenic
impacts, including incidental mortality in fishirgear, directed take, competition for
prey, contamination from chemical pollution, degtoh and loss of important
habitat, disturbance, and effects from global ctenehange (reviewed in Whitehead
et al. 2000, Bjgrge 2001, Evans 2002). Most commonly,ggaghically defined
mitigation and protective measures are implementbdn managing potential (or
established) impacts on cetaceans is a legal emaimt (e.g. under national law), or
is of public concern. Examples include establishnegnmarine mammal sanctuaries
(Dawson and Slooten 1993) or marine conservatieasa(Wilsoret al. 2004), spatial
(and temporal) restrictions of fishing activitietufjan and Beeson 1998, Dawsein
al. 2001), exclusion zones for whale/dolphin-watchbaats (Lusseau and Higham
2004) or the use of military sonar.

Defining the size and location of protective arascetaceans is a challenging task
as they are highly mobile, difficult to observe aiedpond to the dynamics of their
environment. Habitat prediction models help to obta better understanding of the
features that constitute important habitat for species of concern and to establish
testable relationships between the environment spaties distribution. Predictive
habitat modelling is a well-used tool for definingbnservation boundaries in
terrestrial animals (Hill 1999, Gibsaat al. 2004, Jeganathaat al. 2004, Rushtoret
al. 2004), but has only recently been applied to estas (Cafadast al. 2005).
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In this study, patterns of habitat selection axestigated for two sympatric dolphin
species that co-occur in the eastern Chiloé Ardagmein southern Chile. The Chilean
dolphin Cephalorhynchus eutropiaa small delphinid endemic to Chile, shares the
nearshore waters of southern and central Chile wiénhlarger and wider ranging
Peale’s dolphin,Lagenorhynchus australigGoodall et al. 1988a, Goodalkt al.
1997). Shore-based studies and limited boat-badsdreations suggest that both
species inhabit shallow, often turbid coastal wsataend occasionally enter larger
rivers (Goodallet al. 1988a, Goodalet al. 1997). However, Peale’s dolphins have
been seen in water depth up to 300 m and havebatsoobserved far from shore over
the shallow Argentinean continental shelf (Gooealal. 1997). Shore-based habitat
studies of Peale’s dolphins in the Strait of Magrelhave shown a marked preference
for coastal kelp beddWacrocystis pyrifera which appear to constitute important
foraging grounds (Lescrauwaet 1997, Viddi and Lasaaet 2005).

The spatially exclusive occurrence of Chilean doipland Peale’s dolphins in the
Chiloé Archipelago (Chapter 2) offers the oppottyihd investigate whether reliably
guantifiable abiotic variables can be used to erplee observed distribution patterns
and habitat partitioning. First, habitat selecti@ninvestigated for each species
separately based on the frequency of use of availadbitat. The resulting habitat
selection models are tested for fit and generalitg the best models are used to
generate spatial predictions of occurrence for eggbcies. The distribution of
Chilean dolphins in relation to environmental vhles is then modelled directly in
relation to the occurrence of Peale’s dolphinsdientify those variables that could
drive the observed pattern of habitat partitioning.

Intense mariculture activities (e.g. marine farmofdinfish and shellfish) abound
throughout the nearshore waters of the Chiloé Awlbgo (Chapter 2,
SERNAPESCA 2004). Emerging evidence suggests tlaicuaiture farms could
influence habitat use patterns of cetaceans (Kerapeaid. 2003, Markowitzet al.
2004, Watson-Capps and Mann 2005). Therefore distém farms is included in the
habitat models as an anthropogenic variable aloitiy avset of potentially influential

environmental and spatial factors.
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3.3.METHODS

3.3.1. Data collection

Systematic boat-based habitat and sighting surfeyssmall cetaceans were
conducted in the coastal waters of the southerncential Chiloé Archipelago (41-
43°S, 73-74°W) in southern Chile (10Region) over three consecutive austral
summer and autumn seasons from December 2001 tb28p4. The two study areas
were surveyed completely three to five times dung field season. Surveys were
designed to ensure full coverage of the availablatat and followed pre-determined
transects with variable start and end points. Taetisswere placed in regularly spaced
zigzag patterns crossing bays and channels frone sbshore and extended up to 2.5
km offshore.

A 3.8 m inflatable boat powered by an outboard Z80hp) engine was used to
conduct surveys at a constant speed of 10 knotsrqap 19 km/h) and in good
weather conditions, i.e. Beaufort sea stat® no or little precipitation. Two to three
observers searched the waters ahead and out tf 8@ transect line for visual cues
of dolphins. If dolphins were not sighted the boass stopped at 15-minute intervals
along the transect to collect a variety of envirental measurements and other
habitat data, including information on exact losat{using GPS), sighting conditions
(e.g. Beaufort sea state, swell, precipitation)d an suite of abiotic, biotic and

anthropogenic variables) (Table 3-1).

The same set of measurements was obtained whedeldrins were encountered
during transects. Additional information on speagsntification and the number of
dolphins present was also recorded. All measuresngate made as close as possible
to the location where dolphins were first sightadually within a radius of 20 m.
Most dolphin groups were approached for photo—ifleation purposes (see Chapters
4 and 5). Other dolphins sighted while working watparticular group were noted but
not included in the analysis presented in this tdra@\ll surveys were resumed at the
initial point of departure from the transect linadacontinued along the original

transect.
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Table 3-1.Environmental, spatial and anthropogenic variabdesrded during boat-
based sighting and habitat surveys in the Chiloghidelago.

Variable

Description Measurement method Unit

Depth

L hand-held depth sounder, for > 90 m
in situmeasurement of water depth . m
extrapolated from nautical charts

Bushnell Pro laser range finder, for

Shore distance linear distance to nearest coast > 1,000 m extrapolated from GIS m
. . alongshore distance to nearest  field observations, extrapolated
River distance . m
river mouth or permanent stream from GIS
in situmeasurement of sea surfacaligital LF 320 conductivity- R
SST C
temperature (at 1m depth) temperature meter
Salinit in situmeasurement of salinity ~ digital LF 320 conductivity- t
y (at 1 m depth) temperature meter bp
Water clarity Lr;asrﬁ;measurement of water secchi disc depth (30 cm diameter) m
Mussel farm dist linear distance to nearest mussel Bushnell Pro laser range finder, m
* farm 1000 m) truncated for distance > 1000m
Salmon farm dist linear distance to nearest salmon Bushnell Pro laser range finder, m
* farm 1000 m) truncated for distance > 1000m
linear distance to the nearest
Boat distance moving boat within a 500 m Bushnell Pro laser range finder m

radius; number and type of boat(s)
(e.g. fishing, mariculture, ferry)

Other species

number of individuals and species
ID of marine vertebrates within a
300 m radius, e.g. sea lions, sea
birds, fish schooling at surface

field observation

Bft

Beaufort sea state (0-3, categories) field oketéon -

UTM-Easting,
UTM-Northing

geographic position expressed in

UTM coordinates (-E, -N) hand-held Garmin GPS 12 XL -
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The choice of environmental variables to be comsididor analysis was based on
their potential biological importance to the dolphie.g. proxies for prey distribution)
and availability of reliably measured data. All @ommental variables (except “River
distance”, see below) were collectadsitu during the surveys. Alternative data, such
as information from remote sensing (e.g. sataléaved measurements of sea surface
temperature) or nautical charts (e.g. depth) weteamailable for the study areas, at
least not in the fine spatial resolution (i.e. Sidoketre range) required to capture the
variability of the nearshore habitat. The sampbitgs with and without dolphins (i.e.
presence and absence) were considered a represenaadom sample of the habitat
available to and used by the dolphins. Samplirgsdiberefore constituted the spatial
unit on which further analysis was based rathem tl&ng the more conventional grid-
or segment-based approach applied in other stoflestacean habitat use (e.g. Reilly
et al. 1998, Gregr and Trites 2001, Hamazaki 2002, Maati da Silva 2004,
Canada®t al. 2005).

“River distance” was extrapolated from a sateliteage (S18-40-2000, NASA
Landsat 7 satellite imade in a Geographic Information System (GIS). The
identification of rivers was based on field obséoss and visible marks on the
satellite image. For this analysis, a river wasirdef as any permanent body of
running freshwater where the mouth of the river vaadeast 2 m wide. Due to
frequent heavy rainfall in the Chiloé Archipelagandreds of temporary streams and
fresh-water run-offs form along the shores abutlarger hills. These non-permanent

streams or rivers were not considered.

Distances to mussel farms and salmon farms weegrdetedin situ by laser range
finder for distances up to 1,000 m and were truettdbr distances beyond the
measurable range (> 1,000 m). Acoustic harassmewicas (AHDs) that could
potentially affect the presence of cetaceans ovstarmtes of 3,500 m or more
(Olesiuk et al. 2002) were not used by salmon farms in southedhcamtral Chiloé
during this study (Heinrich, unpublished acoustiatag M. Sepulveda, pers.

communication, Feb. 2004).

! available at https://zulu.ssc.nasa.gov/mrsid/mpsid
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3.3.2 Data analysis

Data analysis was carried out in three steps: i@ mental characterization of
the study areas, (2) modelling the distribution edHch species in relation to
environmental and spatial variables using dateect#d during the austral summers
and autumns of 2002 and 2004 and assessing thetpregower of those species-
specific models using data collected during theérausummer and autumn of 2003,
(3) direct comparison of spatial distribution andvieonmental preference between

species.

All modelling-related analyses were carried outngsthe software package R,
vers.2.1. with the libraries “mgcv’ and “MASS” (RedelopmentCoreTeam 2004).
Mann-Whitney tests were performed in Minitab ve2s2B (Minitab Inc, 1999). Data
on sampling sites and predicted distributions weozessed in ArcGIS vers.9 (ESRI
Inc. 2004).

3.3.2.1. Habitat characterization and summary stats

Pearson product-moment correlation tests were usedexamine collinearity
between explanatory variables. Mann-Whitney testsewperformed to compare the
median values for each environmental variable inttsgrn and central Chiloé to
highlight environmental differences between studyaa. The same non-parametric
tests were applied to compare the dataset (2002 2f1i#t) used for model
development and the test dataset (2003) used tms-aalidation (see below) to

ensure that environmental conditions were comparbéiween years.

All environmental variables were divided into edyadized bins and plotted to
examine the potential relationship (e.g. lineagdyatic, cubic) with the presence of a
given dolphin species. The variables “Shore digdnc“River distance,” “Mussel
farm dist,.” and “Salmon farm dist.” were log-trémsned as potential influences on
the occurrence of dolphins appeared to act ovetl spatial scales. In the case of
“Mussel farm dist.” and “Salmon farm dist.” log hsformation also reduced the
effect of artificial heaping at the arbitrarily cden cut-off point for distances beyond
the measured range.
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3.3.2.2. Species-specific habitat selection models

a) Model specification

Generalized Linear Models (GLMs) were developedrétate the presence of
dolphins to habitat variables. Given that data olplin presence behave as a binary
variable (i.e. presence versus absence), logisticession models with a binomial
error structure and a logit link function were ug&tnables and Dichmont 2004).
The logistic regression model was a resource setegrobability function of the
form (Manlyet al. 1993):

_ explB, + Bixy + BoX, +---+,8pxip]
1-expl[B, + B X, + BoX, + ---+,5pxip]

where p. is the probability of dolphins being present a¢ Bifo is the intercept and

p1to pp are the coefficients of the explanatory variabteso x,, respectively. The

probability of dolphins being absent at sSitgas 1-p, .

Modelling the sighting data as binomial rather tHwmisson distributed response
variable circumvented the problem of overdispersiwhich complicates the direct

analysis of data on the numbers of social animadeved.

The explanatory variables listed in Table 3-2 citutstd thea priori biological
model and defined the upper limit of the complexity the species-specific

multivariate regression models.

Table 3-2.Candidate variables and their transformations cemed during the model
building process for Chilean dolphins and Pealelplins.

Term single quadratic cubic In interaction
Depth X X X
SST X X X
Shore distance X X
. River distance X X
environmentak' \y/aer clarity X X
Salinity X
Salmon farm dist. X
\_Mussel farm dist. X
Bft factor
. UTM-Easting X UTMN:
spatial JL UTM-Northing X UTM-E
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b) Model selection

A combination of forward and backward stepwise cd@ea (Venables and Ripley
2002) was used to determine the models that kst fihe data. Forward stepwise
selection starts from a simple model and repeataditis terms to the model from the
pool of specified candidate variables. At each dfep effect of including each
additional variable or interaction term on the nisdét to the data is evaluated.
Thus, the variables with the greatest explanatosyer enter the model first.
Backward selection does the reverse, by considdhegeffects of removing one
variable or interaction term each time. If a valgaho longer contributes significantly
to the fit of the model after other terms are adiiesl removed and placed back into
the pool of candidate variables. Conventionallyenaction terms are only included
when all the corresponding main effects are presdate, forward and backward
selections were carried out together, simultangocshsidering the effects of adding

and deleting variables at each step.

The importance of each added term was evaluated as1 information-theoretical
approach based on Akaike’s Information criteriotkd#ke 1973), corrected for small
sample size (Alg. Burnham and Anderson (2002) recommend the L18éG, when
sample size divided by the number of variable®ss than 40, which applied in this
case. Models with an Alifference (delta AlQ smaller than 2 were considered to
have equal support from the data (Burnham and Aseaer2002) and the most
parsimonious model was then chosen. Goodness odffithe final model was
investigated using a chi-squared test on modebaeei (with HH = model correct; H
= model not correct). Residuals of the final modeé¢se plotted in a GIS to check for
spatial patterns in model over- or under-fittinga8al correlation in the residuals (i.e.
heaping of over-or underdispersed residuals inricearea) would indicate the lack

of an influential predictor variable in the model.

c) Validation of species-specific habitat selectoodels

Cross-validation is a tool to assess whether thdetsq(selected using Alreflect
not only the pattern in the data from which theyrevderived but also succeed in
capturing a persisting biological relationship be¢w environmental variables and
dolphin presence (Burnham and Anderson 2002, Oddead. 2002). The predictive
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performance of the species-specific habitat selecthodels was evaluated using
cross-validation on an independently collected stéest dataset).

The model to be assessed was fitted to the teaselatising equation 1 and the

model coefficients. Its overall predictive perfommoa was determined as:

n

Z (Yi - ﬁlx
g=1-"+"+— - 2.

where

g is the mean proportion of all correct predictions,
yi Is the observation at sitéeither O or 1),

p. is the probability of observing dolphins at sjte

n is the total number of sites.

For comparison, the simplest model is a randonei(@eipt only) model where the
probability that dolphins are present is the same dll sampling sites, i.e. the
influence of the environmental variables measurethis study is zero. In this case
the probability of dolphins being present at site the test dataset is equal to the
proportion of occasions on which animals were oles®r Based on this intercept
model an outcome of either 1 (dolphins are presen@) (dolphins are absent) can be
generated randomly for every sampling sitgccording to a binomial process with
mean p. This procedure was repeated 10,000 times to pedinulated datasets
equivalent to the observations but without anyti@teship between the environmental
covariates and the observations. For each simuldtgdset, the proportion of
simulated observations correctly predicted, usigliest model and parameter values
chosen from the training dataset, were calculaié@. resulting distribution formed
the test statistic with which the predictive penf@nceq of the more complex model
under evaluation was compared. The number of t{mesof the 10,000 simulations)
where the more complex model predicted better thanntercept model indicated the
predictive power of the more complex model.

The same procedure was applied to compare simptels)@ontaining only a few
parameters with more complex ones. In this casesiimpler model was used to
generate the test statistics against which theigireel performance of the more
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complex model was compared. A significantly highezan predictive power of the
complex model supported its use for final intergtien of coefficients and
predictions.

The data collected during 2002 and 2004 was usefit tine models (training
dataset), and data collected in 2003 constituteditdependent test dataset. The
division of the data into training and testing data was based on the number of
absence-presence samples obtained each year. Hie2083 had the biggest
sampling effort with the largest number of sighingresences) of all single years
(see section 3.4.), thus providing the most robest set (i.e. largest number of data
points from any single year to be fitted to the eipdThe model that provided the
best predictor for the 2003 test data was ideuntifie the “best prediction” model and
was used to derive probability plots for the preseand absence of dolphins in both
study areas. Local polynomial interpolation (Bownaexd Azzalini 1997) was used to
produce smooth surfaces across the probabilityofitwence of dolphins predicted by
the best model for each sampling site.

3.3.2.3. Inter-specific comparison of habitat satet

The lack of temporal co-occurrence of both spepresided a binary response: (1)
Chilean dolphins were present at a sampling siteléWeale’s dolphins were absent),
or (0) Peale’s dolphins were present (while Chilekriphins were absent). The
allocation of 1-0 to the two species is interchaige A GLM with binomial error
structure and with the logit link function was étt to the data. Model fitting and
model selection were conducted using the same apbras described abow&etion
3.3.2.2. The aim here was to test whether environmentalaansipatial variables
could explain the observed pattern of spatial sgggren between Chilean dolphins
and Peale’s dolphins (Chapter 2). Therefore thexe mo need to assess the predictive
performance of the model by means of cross vatdatbata were pooled for all years
(i.e. 2002-2004) to provide a more robust samge. si
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Figure 3-1 Sampling locations with Chilean dolphins (recanigles), with Peale’s dolphins (yellow circles) amihout dolphins (green
circles), in the Chiloé Archipelago in southern I€hiluring 2002 and 2004 (model fitting data setgpih (based oin situ
measurements) is interpolated between samplingi¢tosa River mouths are marked by blue dots.
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Paso Tenaun .

Figure 3-2 Sampling locations with Chilean dolphins (rednigles), with Peale’s dolphins (yellow circles) avithout dolphins (green
circles), in the Chiloé Archipelago in southernl€lduring 2003 (testing data set). Depth (baseih situ measurements) is
interpolated between sampling locations. Riveutins are marked by blue dots.
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3.4.RESULTS

Systematic habitat surveys were conducted unded ggiting conditions on 59, 65
and 42 days during the field seasons of 2002, 20@B2004 respectively. Surveys
covered a total of 2,443 km , 2,870 km and 2,5550kneffort during these three field
seasons respectively.

Data collected during 2002 and 2004 were poolddrim the model fitting dataset.
The resulting dataset contained 529 samples cetlanotthe absence of dolphins, 127
samples collected in the presence of Chilean dedplaind 88 samples collected in the
presence of Peale’s dolphins (Table 3-2, Figurg.3ata collected during the 2003
field season were used for cross-validation andisted of 398 samples collected in
the absence of dolphins, 71 samples collectedeiptasence of Chilean dolphins, and
77 samples collected in the presence of Pealefshdd (Figure 3-2)Environmental
variables were compared between the model fittind test dataset using Mann-
Whitney tests to ensure that general environmeotaiditions were comparable
between yearsOnly the variable SST had slightly higher, and Waeiable Salinity
slightly lower, median values in 2003 compared @®2 and 2004 (Mann-Whitney
tests, W= 136,640, p< 0.001, and W= 173326, p=0).t&bpectively).

3.4.1. Habitat characterization

The study areas in central and southern Chilo@difiost markedly in depth. The
central study area is, on average, twice as dedpauthern area with depth of over
100 m (Table 3-3) recorded in Canal Lemuy, Cana¥Ydeand Paso Tenaun (Figure
3-1). In contrast, depth rarely exceeds 50 m insthvgthern study area. The islands
Laitec and Cailin have shallow, and mainly sandgatt (< 20 m deep) extending

southward for more than 2 km offshore (Figure 3-1).

Sampling sites in the southern study area wereavenage, located further from
rivers than in the central study area (Table 3FBg central study area extends mainly
along the shores of Isla Grande de Chiloé (the is&and of Chiloé) where rivers and
permanent streams are supplied by a large draBr@geconsisting of lakes and fresh-
water run-off from the surrounding hills. In theusieern study area, rivers and streams

are also common along the shores of Isla Grandehileé.
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Table 3-3.Summary of environmental variables used to deviephabitat models
for Chilean dolphins and Peale’s dolphins basedata collected during
2002 and 2004 in southern and central Chiloé. Maf#hitney tests were
used to compare median values for each variabledeet study areas at
sampling stations without dolphins.

n.s.= not significant; * significant at p= 0.05, &fgnificant at p< 0.001

Samples with

Chilean dolphins

Peale's dolphins

Samples without dolphins

southern Chiloécentral Chiloé

Number of samples 127

Depth (m)

mean * SE; median 14 +0.9; 12
range 2.5-55.8

Shore distance (m)
mean + SE; median
range

253 £ 14, 214
17 -894

River distance (m)
mean * SE; median 1,288 +78.3; 1,185

range 49 - 5,360
SST (°C
mean + SE; median 13.8 £0.19; 12.9
range 10.8-19.6
Salinity (ppt)
mean + SE; median 32.1+0.09; 32.2
range 28.8-33.8
Water clarity (m)
mean + SE; median 5.4%0.17; 5
range 25-11
Mussel farm dist. (m)
mean * SE 1,073 +81.2
range 15 - (>1,000)

Salmon farm dist. (m)

mean * SE 1,756 £50.9; 2,000
range 92 - (>1,000)

Bft

mean * SE; median 1.4 £0.06; 1
range 0-3

88

13+1.7;, 6
1.8-65.2

369 £40.8; 204
41 - 2,312

2,250 +£195.0; 1,764
235 - 9,506

13.1+0.12; 131
10.4-16

32.4+0.05; 32.3
32.2-33.8

7.3x£0.27, 7
1.8-15

1,823 +57.0
31 - (>1,000)

1,765 + 56.9; 2,000
173 - (>1,000)

1.4+0.09;1
0-3

382 147

26+0.9; 21
2.4-70.6

44 + 24 **
1.1-123

636 £+ 20.4;, 571 @837.0; 586 n.s.

78 - 2,450 82-2,011
2,642%; 1,975 1914+77.3; 1,637 **
232 -9,152 309 -4,773

12.7+0.08312 12.9+0.10; 12.8 *

10.2 - 21 11.2-17.7
326+0.8.7 32.6+0.06, 326 ns
27.9-34 27.8- 34
7.2+0.12; 7 7632 7 n.s.
2-15 1.1-19
1,621 +22.0 1,506 + 62.8
22 - (>1,000) 8 - (0P

1,548%#32,000 1,531 +56.1;, 2,000

68 - (>1,000) 71 -,0€D)
1.6 £0.04; 2 1.3am1 *
0-3 0-3
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The relatively small islands of Coldita, Laitec a@dilin support no or only a few
permanent streams (Figure 3-1). The northernmodt gfaBahia Yaldad and the
westernmost part of Canal San Pedro form largeringedrainage areas with
extensive mud flats and strong estuarine chara8tenlar bays, albeit smaller in size,
exist in central Chiloé in the upper Estuario GasEnso Rilan and off Curaco de
Velez (near or opposite Isla Qunichao) and to aelegxtent in some of the bays
along Paso Tenaun.

Salinity and SST were similar in both study areas$ ‘wariation was larger in
southern compared to central Chiloé (Table 3-3) Tdwest salinity values were
measured in Yaldad Bay following several days ofewtial rainfall, which extended
the surface freshwater layer beyond the 1m deptrevkalinity measurements were
taken. The highest SST values were also recordethidad Bay (during February
2004).

All environmental variables were examined for cadkrity using Pearson product-
moment correlation tests (Table 3-4). Most corietest were statistically significant
but all correlations were weak (aj)<r0.3, except Shore distance- Depth and SST-
Salinity: < 0.5). Significant correlations most likely resualtfrom the large sample
size (n= 1,242) that made even weak relationshgea statistically significant.
Scatter plots of selected environmental variabhesved no spurious patterns (Figure
3-3).

Table 3-4.Correlation matrix for the environmental variablas 1,242 samples)
used in this study obtained form Pearson produchemt correlation tests.

" not significant at p= 0.05, * significant at P05, ** significant at p< 0.001

Shore River Water Mussel

Depth distance  distance SST Salinity clarity ~ farm dist.

Shore distance 0.493** -
River distance 0.206** 0.213* -
SST -0.111*  -0.133** -0.198** -
Salinity 0.173* 0.144* 0.125* -0.451** -
Water clarity 0.287* 0.246* 0.174* -0.295*  0.Z2B* -

Mussel farm dist.  0.206** 0.179* 0.200** -0.241** 0.219**  0.088* -
Salmon farm dist.  -0.140** 0.023" -0.030" 0.064* .085* -0.070* 0.162*
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Figure 3-3 Scatter plots depicting the environmental andiabsariables used to

develop habitat models for Chilean dolphins andie”g@olphins (data
for 2002 and 2004): Depth and Shore distance (agtev¥\Vclarity and

River distance (b), Salinity and SST (c).
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Distances to mussel farms and salmon farms wergasim both study areas with
sampling sites in the central study area beingawsrage, slightly closer to mussel
farms than in the southern area (Table 3-3; seer&ig-13 in Chapter 2 for a map of
farm locations). Boat traffic was observed infregflye within the reliable recording
distance of 500 m (6% of sampling sites withoupteis, 10% of sampling sites with
Chilean dolphins present, and 18% of sampling sitiés Peale’s dolphins present)
and was not included as a candidate variable imakgat models.

The presence of other marine vertebrates was ohided as a variable due to the
variability and uncertainty in the context of cocaoence and difficulties with
consistent recording. Sea birds constituted thet fneguently seen taxonomic group
(78% of 178 samples with absence and presencelpiide), followed by small fish
scattering at the surface (11%), South Americanlisea (Otaria flavescens(10%)
and marine otterd_pntra feling (1%). The most frequently observed sea birds were
magellanic penguins Spheniscus magellanigys three cormorant species
(Phalacrocorax atriceps, Pbrasilianus P. gaimard), brown pelicans Kelecanus
occidentalid, three gull specied_@rus dominicanus, L. pipixcan, L. maculipennis
South American ternsSferna hirundinaceéa seasonally large flocks of sooty
shearwaters Ruffinus grises), black-browed albatrosseBi¢medea melanophiis

and giant petreldacronectes gp

3.4.2. Habitat selection models

To develop species-specific habitat selection nm®dsndidate environmental
variables were fitted to two starting models. Thst fstarting model contained only
the intercept and only environmental variables weftered as candidates for
selection. The second starting model containedriieecept and a spatial component
consisting of the single terms UTM-Northing and UBMdsting (equivalent to
latitude and longitude) and the interaction termandidate variables and their
transformations were the same for both dolphin isgg@ able 3-2).

3.4.2.1. Chilean dolphins

Ninety percent of all sightings (n= 127) of Chiledmiphins were clustered close to
shore (< 500 m) and in relatively shallow waters2(<m depth). Chilean dolphins
were rarely seen in deeper waters (max. depth 5&nch)were never sighted further
than 900 m from shore (Figure 3-3, Table 3-3).
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Shore distance was added to the intercept only hiwgebased on its Algscore
and was deemed to be the most influential vari@bddle 3-5). The next variables to
be added were the transformed terms for River nitstaand Depth. During the final
steps of model selection the variable Shore distamas exchanged for In Shore
Distance. For this exchange to be completed variatesim steps were necessary as
only one variable could be added/removed from tlolehat a time. Hence, the
variables In Shore distance and SST were adddaetonbdel despite their individual
contributions having aAIC. < 2. Their inclusion and the subsequent removal of
Shore distance resulted in an overall changgdiC. > 2 (Table 3-5).

Table 3-5.Model selection based on Al@r Chilean dolphins starting from an
intercept only model.

Term Action Res. Deviance AlC A AIC,
Intercept starting 636.06 636.06

Shore distance added 483.53 485.71 150.35
In(River distance) added 434.53 438.53 47.18
Depth ~ 2 added 417.32 423.34 15.19
Water clarity added 406.77 414.81 8.53
In(Salmon farm dist.) added 401.10 411.16 3.65
In(Shore distance) added 397.09 409.18 1.98
SST added 393.00 407.13 2.05
Shore distance removed 393.67 405.08 2.05

The final environmental model for Chilean dolphiask the form:

logit( P )ce envio= Po + B1(In Shore distance} B.(In River distance) 4{33(Deptl‘?) +
Ba(Water clarity) +Bs(In Salmon farm dist.)

where logit (p) is the logistic transformation (the link functjoof the probability of

Chilean dolphins being preserf; is the intercept ang; to fs are the estimated

coefficients of the respective environmental vadgab(Table 3-6). Model fit was

adequate based on a test of goodness of¢fitp= 1). The environmental model
explained approximately 38% of the variance.
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Cross-validation tests using the test dataset 2008 proved the predictive power
of the final model and its generality. The envir@mtal model fitted the test data
significantly better than the simulated dataset (p8001). The mean proportion of
correct predictions was 0.82.

Shore distance (or its log-transformation) was codd as the most influential
single variable. A simple model with only Shoretdmce (or In Shore distance)
predicted the presence or absence of Chilean adEgnificantly better for the test
dataset than for a simulated dataset (p= 0.001&. Mbre complex environmental
model, however, performed significantly better trgingle term models and was
marginally better than an interim model containiimg Shore distance, In River
distance and Deptl{p=0.045).

The environmental model showed that Chilean doplpreferred habitat close to
shore and close to permanent rivers and streartis shllow depth and turbid waters
with slightly higher SST (Table 3-6). The probalilof sighting Chilean dolphins

also increased with distance from salmon farms.

Table 3-6.Results of the “best” habitat model (GLM with bm@l error structure
and logit link function) relating environmental 1avles to the presence of
Chilean dolphins.

* significant at p= 0.05, ** significant at p<@D1

Term logitp SE z-value  p-value Interpretation

Intercept 11.110  2.4470 4.539 0.000 **

In(Shore distance) -1.533 0.2059 -7.448 0.000 **oset to shore

In(River distance) -1.035 0.2077 -4.985 0.000 ** osdr to rivers

Depth”2 -1.3*16  0.0000 -2.132 0.033 *  shallower waters

Water clarity -0.165 0.0590 -2.790 0.005 * les;achwaters
In(Salmon farm dist) 0.450 0.2050 2.194 0.028 * tHer from salmon farms
SST 0.135 0.0647 2.090 0.037 *  warmer surface water

Null deviance: 636.06 on 655 degrees of freedom
Residual deviance: 393.67 on 650 degrees ofdreed
% of explained deviance: 38
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When a spatial component was added to the startindel the environmental
variables entered the model in the same order pbitance (Table 3-7) as with the
intercept only model. All variables except SST amnéd to contribute significantly to
the prediction of Chilean dolphin occurrence (T&#®). The spatial variables and the
interaction term were retained throughout the moskdection process and were
significant terms in the final model (Table 3-8huE, the final environmental-spatial
model had the same form as the environmental mabeVe, but with three added
terms: +Bs(UTM-Northing) +p7(UTM-Easting) +s(UTM-E:UTM-N).

Table 3-7.Model selection based on AJ@r Chilean dolphins starting from a spatial
model. (:) denotes interaction term.

Term Action Res. Deviance AIC  AAIC,
UTM-Easting starting

UTM-Northing starting

UTM-E : UTM-N starting 545.08 551.12

Shore distance added 446.29 454.33 96.79
In(River distance) added 407.18 417.24 37.09
Depth ~ 2 added 393.76 405.42 11.82
Water clarity added 387.29 401.42 4.00
In(Salmon farm dist.) added 380.19 396.36 5.06
In(Shore distance) added 377.21 395.96 0.40
SST added 374.23 394.51 1.45
Shore distance removed 375.05 393.39 1.12

Table 3-8.Results of the “best” habitat model (GLM with bm@l error structure
and logit link function) relating spatial and ermnmental variables to the
presence of Chilean dolphins.

* significant at p= 0.05, ** significant at p<@D1

Term logitp SE z-value p-value Interpretation

Intercept -5476.0 1606.0  -3.409 0.001  *

UTM Easting ¢ 0.009 0.0026 3.388 0.001  ** further west

UTM Northing ¢¢ -0.001  0.0003  -3.422 0.001  ** further south

UTM-E : UTM-N -1.9*1¢  0.0000 3.394 0.001 ** non-uniform spatial disttion
In(Shore distance) -1.362 0.2144  -6.352 0.000 **osel to shore

In(River distance) -1.038 0.2121 -4.893 0.000 ** osgr to rivers

Depth”2 -0.001 0.0003 -2.133 0.033 *  shallower vsate

Water clarity -0.166 0.0667 -2.491 0.013 *  les;achwaters
In(Salmon farm dist) 0.525 0.2164 2.427 0.015 * tifar from salmon farms
SST 0.127 0.0658 1.929 0.054 slightly warmer veater

Null deviance: 636.06 on 655 degrees of freedom
Residual deviance: 375.05 on 646 degrees ofdreed
% of explained deviance: 41

¢+ UTM- Easting refers to longitude in UTM coordte system. Numbers increase from East to West.

+¢ UTM- Northing refers to latitude in UTM coordinaggstem. In the southern hemisphere numbers
are negative and decrease from North to South.
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The variable UTM-Northing highlighted the differenbetween study areas with the
probability of dolphin occurrence increasing frorortth to South (i.e. central versus
southern Chiloé). UTM-Easting reflected the disttibn pattern of Chilean dolphins
in southern Chiloé where the probability of dolppiresence increased from East to
West. The environmental-spatial model explained@admately 41% of the variance.

The mean proportion of correct predictions was G8#n using cross-validation,
which represented a small but statistically notnifigant improvement in the
predictive performance when compared to the enwiemtal model (cross-validation
with test dataset, p= 0.169). The environmentafigpanodel was selected to
calculate the probability values used for plottipgedictive surfaces of dolphin
occurrence (Figure 3-4) given its lower AlGalue, its slightly better predictive

performance and its smaller residuals comparekde@nvironmental model.

Visual inspection of the residuals plotted in spabewed no spurious patterns.
Although residuals tended to be larger at sites walphin presence both over- and
under-prediction occurred over small spatial scale¥aldad Bay and Canales San
Pedro/Guamblad. Both models tended to under-pretiiet presence of Chilean
dolphins in areas that had only a small numberctafa sightings (i.e. Isla Cailin and
Canal Dalcahue). Smoothing across single predicaédites homogenized this small-
scale variation and produced predictive surfaced thflected the overall pattern

apparent from the original data.

3.4.2.2. Peale’s dolphins

Sightings of Peale’s dolphins were clustered clws¢he shore and in relatively
shallow waters (80% of all sightings < 500 m frohoie and < 20 m deep). Peale’s
dolphins were seen occasionally in waters of up3an depth, but were still within
1,000 m of the shore (Figure 3-3, Table 3-3). Tum¢hkest they were seen from shore
was 2,300 m in shallow waters less than 20 m depth.

During the model selection process the variableg&tistance and Depth and their
transformations were added to the intercept moldeigawith the two anthropogenic
variables In Mussel Farm dist. and In Salmon Faist. Table 3-9). The final
environmental model for Peale’s dolphins had thenfo
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logit( P )La_enviro=Po + B1(In Shore distance) Bo(Depth) +Bs(In Mussel farm dist.)
+ B4(In Salmon farm dist.) s(DeptHf) + Bs(Depttt) + pz(Shore distance).

Table 3-9.Model selection based on Al@r Peale’s dolphins starting from an
intercept model.

Term Action  Res. Deviance AlIC AAIC,
Intercept 494.69 494.96

In(Shore distance) added 427.89 429.89 65.07
Depth added 405.95 409.95 19.94
In(Mussel farm dist.) added 383.93 389.95 20.00
In(Salmon farm dist.) added 374.54 382.57 7.38
Depth”2 added 368.08 378.14 4.43
Depth”3 added 356.59 368.69 9.45
Shore distance added 351.66 365.80 2.89

Model fit was adequate based on a test of goodoést (y>, p= 1). The
environmental model explained approximately 29%hefvariance. Cross-validation
tests showed that the environmental model fittedtéist data significantly better than
the simulated dataset (p< 0.0001). The mean priopodf correct predictions was
0.82. A simple model with only In Shore distancedited the presence or absence of
Chilean dolphins significantly better for the testtaset than for a simulated dataset
(p= 0.004). The more complex environmental modegwdwver, performed

significantly better than the simple or any of thierim models (p= 0.007).

Table 3-10.Results of the “best” habitat model (GLM with bin@aterror structure
and logit link function) relating only environmehteariables to the
presence of Peale’s dolphins.

* significant at p= 0.05, ** significant at p<@D1

Term logitp SE z-value p-value Interpretation

Intercept 1.442 3.1190 0.462 0.644

In(Shore distance) -1.773 0.4490  -3.949 0.000 **osel to shore

Depth -0.279 0.0650  -4.290 0.000 ** shallower water

In(Mussel farm dist.) 0.606 0.1711 3.544 0.000  *urther from mussel farms
In(Salmon farm dist.) 0.571 0.2568 2.224 0.026  * rtHar from salmon farms
Depth » 2 0.007 0.0023 3.202 0.001 ** some flexipin depth range
Depth ~ 3 -5.9%18 0.0000  -2.598 0.009 *  shallower waters

Shore distance 0.002 0.0009 2.363 0.018 * wideeafighore distance

Null deviance: 494.69 on 616 degraiefreedom
Residual deviance: 351.66 on 608reks of freedom
% explained deviance: 29

¢+ UTM- Easting refers to longitude in UTM coordte system. Numbers increase from East to West.

+¢ UTM- Northing refers to latitude in UTM coordinaggstem. In the southern hemisphere numbers
are negative and decrease from North to South.
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The environmental model showed that Peale’s do$ppieferred habitat close to
shore and with shallow depth (Table 3-10he probability of sighting Peale’s
dolphins also increased with distance from muss®h$ and salmon farms

Adding a spatial component to the starting modsllted in the inclusion of a
slightly different set of variables in the final d@ (Table 3-11). The environmental-
spatial model explained approximately 33% of theiarae. The environmental-
spatial model fitted the test dataset significabiyter than the simulated data during
cross-validation tests (p< 0.0001). The environmlemtodel and the environmental-
spatial model did not differ significantly in pretive performance (mean proportion
of correct predictions= 0.81, p= 0.598). Given &mount of variance explained and
the smaller AlGvalue, the environmental-spatial model was chosenobtain

predicted values to plot the probability surfadégire 3-5).

Table 3-11. Model selection based on A{Gor Peale’s dolphins starting from a
spatial model. (;) denotes interaction term.

Term Action Res. Deviance  AIC A AIC,
UTM-Easting starting

UTM-Northing starting

UTM-E : UTM-N starting 475.13 475.13

In(Shore distance) added 391.70 399.74 75.39
Depth added 368.37 378.44 21.30
In(Mussel farm dist.) added 351.74 363.84 14.60
Shore distance added 343.38 35752 6.32
Salinity added 337.21 353.39 4.13
In(Salmon farm dist.) added 331.10 349.34 4.05

Visual inspection of the residuals plotted in spabewed no systematic spatial
pattern. Both models tended to under predict theuwence of Peale’s dolphins for
some sampling locations in Canal Dalcahue (cer@fzlo€) and at southern lIsla
Cailin, Punta Queupué, Punta Yenecura, Punta Lwi@BQuellon), and Canal
Chiguao (all southern Chiloé). Probability surfasesoothed across single predicted
values reduced this small-scale variation and sdetoerepresent the apparent

importance of most of these areas.
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Table 3-12.Results of the “best” habitat model (GLM with bin@terror structure
and logit link function) relating spatial and ermnmental variables to
the presence of Peale’s dolphins.

* significant at p= 0.05, ** significant at p<@D1

Term logitp SE z-value p-value Interpretation

Intercept 4175.00 1682.00 2.483 0.013 =

UTM Easting ¢ -0.007 0.0027  -2.435 0.015 * further east

UTM Northing ¢+ 0.001 0.0004 2.506 0.012 * further north

UTM-E : UTM-N -1.4*10 0.0000  -2.465 0.014 = non-uniform spatial disttibn
In(Shore distance) -2.366 0.4615  -5.127 0.000 ** osel to shore

Depth -0.038 0.0098  -3.917 0.000 **  shallower water

In(Mussel farm dist) 0.756 0.1932 3.911 0.000 ** rtiier from mussel farms
Shore distance 0.003 0.0008 3.173 0.002 * wideeafighore distances
Salinity -0.473 0.1777 -2.661 0.008 * less saliratess

In(Salmon farm dist) 0.599 0.2613 2.292 0.022 * tHar from salmon farms

Null deviance: 494.69 on 616 degrees of freedom
Residual deviance: 331.10 on 607 degrees ofdreed
% explained deviance: 33

¢ UTM- Easting refers to longitude in UTM coordie system. Numbers increase from East to West.
+¢ UTM- Northing refers to latitude in UTM coordinasgstem. In the southern hemisphere numbers aedineg
and decrease from North to South.

3.4.3. Inter-specific comparison of habitat use

To compare habitat use of Chilean dolphins andePedblphins directly a new set
of models was investigated starting from an intetoaly model. The candidate set of
variables included only those terms that were metlin the final habitat models
selected for each species. Hence, the candidatebies were the same as in Table 3-

2, except that Bft and Salinity were not included.

Table 3-13.Model selection based on AjGor inter-specific habitat selection of
Chilean dolphins and Peale’s dolphins. () denottesaction term.

Term Action Res. Deviance  AIC A AIC,
Intercept 489.42 489.42
UTM-Easting added 419.52 42152 679
In(Mussel farm dist.) added 373.13 377.14  44.38
UTM-Northing added 332.25 338.29 38.85
UTM-E : UTM-N added 247.85 25591 82.38
In(River distance) added 242.86 253.03 2.88
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Spatial variables (singly and as interactions) m&gemost significant contribution
to explaining the observed occurrence pattern olie@h dolphins (coded as 1) over
Peale’s dolphins (coded as 0) (Tables 3-13 and)3£lidtance to mussel farms was
also a highly significant predictor of occurrenck Ghilean dolphins over Peale’s
dolphins and distance to rivers added additiongllagatory power to the model.
Model fit was adequate based on a test of goodsfefits(y?, p= 1). The final model
explained approximately 50% of the variance.

Hence, habitat partitioning between Chilean dolphemd Peale’s dolphins was
explained mainly by spatial components showing t@atlean dolphins occurred
further to the west and south compared to Pealelghths. Chilean dolphins also
tended to select habitat closer to mussel farmgiaad mouths than Peale’s dolphins.

Table 3-14.Results of the “best” habitat model (GLM with bin@aterror structure
and logit link function) relating the spatial segméion of Chilean
dolphins and Peale’s dolphins to environmentalaldes.

* significant at p= 0.05, ** significant at p<@D1

Term logitp SE z-value p-value Interpretation

Intercept -14260.0 2202.0 -6.474 0.000 o

UTM-Easting ¢ 0.023  0.0036 6.418 0.000 **C.e further west thah.a.
In(Mussel farm dist) -0.670 0.0000 -4.539 0.000 *€.e.closer to mussel farms thara.
UTM-Northing ¢ -0.003 0.1476  -6.495 0.000 **C.e.further south thah.a.

UTM-E : UTM-N 4.9*1¢ 0.0005 6.434 0.000 **  gpatial segregation

In(River distance) -0.552  0.2557 -2.160 0.031 €.e.closer torivers thah.a.

Null deviance: 489.42 on 354 degrees of freedom

Residual

deviance: 242.86 on 349 degrees ofdreed

% explained deviance: 50.4

¢+ UTM-
+¢ UTM-

Easting refers to longitude in UTM coordir system. Numbers increase from East to West.
Northing refers to latitude in UTM coordinatgstem. In the southern hemisphere numbers aedineg
and decrease from North to South.
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3.5.DISCcUsSION

Habitat modelling is a powerful analytical tool tavestigate where animals are
found, why they might occur there and where theyldcde expected to occur (Boyce
and McDonald 1999, Rushtat al. 2004). However, the results from habitat models
need to be evaluated carefully before conclusiaesdaawn or generalisations are
made. Assumptions and limitations of the modelsukhbe considered within their

analytical framework and in an ecological context.

3.5.1. Data structure and assumptions

Habitat models are based on the correct clasgdicaif sites where animals are
present or absent. Cetaceans are inherently diffioudetect as they spend only a
small proportion of their time visible at the wasesurface. Detectability also varies
between species and with sighting conditions (Baré&: al. 2001). In this study,
surveys were restricted to good sighting conditid®sa state was included in the
candidate variable set but was not deemed a signifi predictor of dolphin
occurrence during the model selection process. elgs also no apparent spatial
bias in the detection of dolphins between sheltarstl exposed areas or between the
two study areas (Chapter 2). Both dolphin speciesewdetected at similar estimated
radial distances from the research boat (Chiledphito mean distance= 234 m
193.7 SD; Peale’s dolphin mean distance= 249 m ®28D). As occurrence of
dolphins, rather than density was of interest, atiffe strip width or area searched
were not estimated. Dolphins are likely to haverbesssed while moving along
transects between sampling sites. However, abseaseecorded at fixed sites where
the boat was stopped for the duration of samplimgd dolphins at that site could not
have been overlooked. Hence, sites with presencdofghins might have been
missed, but presence or absence were classifieelatiyr

Absence refers to the brief visit to a site durangarticular survey. The chance of
encountering dolphins at one site compared to anatbpends on habitat quality but
also the number of animals using the area and gjneup structure (one large versus
many small groups). Thus, even good habitats willalways be “used”. The strength
of model-derived predictions of occurrence is thentification of sites where
dolphins could be present given their habitat $eleccharacteristics. Areas of high

predicted occurrence indicate preference but dgrmtide information on behaviour
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or density. Areas that are only used occasionaltywhere dolphins perform crucial
behaviours most likely will be under-predicted bgcorrence models (see section
3.5.4).

In this study, discrete points in space and time. @ampling sites) constitute the
sampling units and are assumed to be a representaimple of the habitat used and
not used by the dolphins. This assumption appeam®ld given the extensive spatial
coverage and the spread of sampling locations @lepresentation of effort) in both
study areas. All predictor variables (except Rigdatance) were based on real-time
measurements providing snap-shots of the actualoemaental conditions compared
to extrapolated approximatiorerived from remotely sensed or other external data
sources. Using sampling sites (i.e. species obseng instead opost hocraster
classifications (i.e. grid cells or segments) ceggithe biologically interesting fine-
scale variation in the nearshore habitat. It alsduces the scale-dependent biases
introduced by choosing a spatial scale to definapsiag units (e.g. size of grid
cells)(Jaquet and Whitehead 1996, Gregr and T20€4).

Other problems of scale, both temporal and spatialyever, require careful
consideration. Environmental predictor variableshsas SST, salinity and water
clarity vary between months (Chapter 2, Navarro Jardmillo 1994). This study was
conducted mainly during austral summer, and duttig relatively short time period
variation was generally greater between differaetag than over time in the same
area. Dalily fluctuations due to changeable weatbaditions were also greater than
variation among months. This short-term temporalat@n is unlikely to have had a
strong effect on dolphin habitat selection. Intenzad variation was not significant for
most variables except SST and Salinity, but theolabs median differences were

small.

It is important to note that conclusions about tabselection determined in this
study only apply to the distribution patterns ofpdins during the summer/autumn.
Although Chilean dolphins at least are known to tiigesame inshore channels year-
round (Chapter 2), their preference for certain itahbtypes as defined by
environmental variables might vary. Thus, seaschahges in habitat selection have
yet to be investigated for both species.
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A fundamental assumption in statistical analysesthis independence of the
underlying data (Sokal and Rohlf 1996). Autocotiela the dependence of a
particular measurement on its immediate neighbaurspace or in time, increases
non-independence among the data and cannot eassigdressed in simple regression
analyses (Augustiet al. 1996, Gregr and Trites 2001). Although methodsteta
take account of autocorrelation while exploring teerelation between presence of an
organism and environmental variables (i.e. Margsid, Legendre 1993), these do not

allow predictions to be generated.

In the absence of dolphins, samples were takeixed fL5-minute intervals which
equates to approximately 4.7 km travelled along tit@msects. The straight-line
distance between sampling sites during one survess wsually smaller
(approximately 1.2 km) due to the zigzag surveytgrat used. During a transect
usually only one dolphin group was encounteredf several groups were seen then
these tended to be spaced apart (> 500 m). Dolploinps that were sighted while
already working with a particular group were na¢dign this analysis.

As surveys were conducted repeatedly in the sag@sdover month and years) the
cumulative number of sampling sites in areas widhér effort resulted in some
sampling sites being located close in space (buimtme) despite transects never
being repeated. Many sightings of both species telsded to cluster in certain areas.
Although lack of independence is of analytical camng it is also of biological
interest. Clustering of the cumulative sightingsamimals in one area across time
highlights the importance of that particular habitdhe inclusion of a spatial
component in the models should have offset the tHckndependence to a certain
extent. In addition, cross-validation tests conéththe fit of the final models for both
species and their appropriate complexity. Residyddsted in space showed no
systematic spatial pattern of under- or over-ptamhs. Thus, although
autocorrelation most likely is present in the d#te, variables included in the models
appear to be important predictors of dolphin ocenece. As Gregr and Trites (2001)
point out the lack of independence “is more a cdaselebating the relative strength
and scale of the proposed process rather thansandar dismissing the hypotheses
[about the underlying ecological processes]| outarfd.”
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3.5.2. Model assessment

The fit of a model and the selection of predictariables deemed to be important
often reflect the selection process more than bio&d relevance (MacNally 2000). In
this study, model fit and complexity were evaluafedsuccessive steps to avoid
overfitting while obtaining a model with sufficiergredictive power. Candidate
variables were chosen based on their hypothesimddgixal importance and the
practicality of obtaining reliable measurementse Tontribution of each variable to
the model fit was evaluated using Alé@nd cross-validation tests on an independent
dataset from the same study areas. The combinatiothese different avenues
allowed the derivation of relatively simple but fstiently complex models with
straight-forward biological interpretations. Thi®pedure also highlights the potential

lack of some important predictors from the candidadriable set (see section 3.5.3.).

One of the big challenges with regard to habitatlet® using occurrence data is the
lack of easily applicable methods to assess théiqginge performance of the models.
Model assessment involves comparing derived prdibabiwith observed categories
(i.e. the real absence-presence data). Most studieghresholds in the predictions
above and below which presence and absence arpedefe.g. kappa statistic,
classification tables) (Gregr and Trites 2001, Rosslet al. 2004, Hastieet al. 2005,
Jiménez 2005). Threshold methods, however, ardyhggnsitive to sample size, fail
if the number of absence values exceeds that sépoe values (as is the case in most
studies of habitat selection in cetaceans) andbased on an arbitrarily chosen
threshold value. In this study, cross-validatiorstdeusing randomisations and
comparing the predictive performance of simple aodplex models provided a
simple and threshold-independent method for moskdssment. With this method the
predictive performance of any model can be evatlagainst that of any other
model, not just against a random scenario (e.mp @afadagt al. 2005).

Habitat models in this study serve both an explanyapurpose (i.e. to understand
what variables are important in habitat selectianyl a predictive purpose (i.e. to
predict where dolphins are likely to occur giverrtam habitat types). From an
ecological perspective, environmental variables tAose of direct interest as they
represent proxies for biological features that wetee habitat quality. A spatial

component can carry importance if it functions asudstitute for an unknown
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influential variable that is not included in thendalate set. Thus, inclusion of a
spatial component might provide a better fit of thedel and enhance its predictive
power. However, including spatial components in thedel limits general

applicability and validity testing to the spatiatigfined study area.

Models developed for a dataset specific to one ahealld not be generalized or
applied to other areas without careful testing. SSrealidation tests can be used to
evaluate how well a model derived for one areaiptedhe probability of occurrence
of dolphins in another area. Thus, the environmem@adel could be applied to a
dataset from a different geographic region wherelpldo occurrence and
environmental variables have been sampled usingdahee methods as in this study.
Such an approach, if carefully implemented anduatald, could provide interesting

insights into the spatial generality of the obsdrkabitat selection pattern.

3.5.3. Habitat selection in Chilean dolphins

Chilean dolphins show a clumped distribution, cedtin Yaldad Bay, Canal
Coldita and Canales San Pedro/Guamblad in sou@igitoé and a patchy distribution
in central Chiloé (Figure 3-1). The most importaredictor variables for their
occurrence are distance from shore, distance &sri@nd water depth, and to a lesser
extent water clarity and SST. Both, the environrakntodel and the environmental-
spatial model performed well during cross-validatkests. The significant spatial
components and the amount of variance explainethéyfinal models indicate that
other factors not included in the model buildingl aelection process also act upon

the distribution and occurrence of Chilean dolphins

The observed differences in occurrence in centndl southern Chiloé seemed to
reflect availability of preferred habitat. Prefatrbabitat was more or less continuous
along the shores of Yaldad Bay, Canal Coldita dmehtagain in Canales San
Pedro/Guamblad based on predicted probabilitiescofirrence (>50%) (Figure 3-4).
In contrast, in central Chiloé only isolated sthets of coastline provide the
combination of environmental variables predictedé¢oselected by Chilean dolphins.
Encounter rates and group sizes of Chilean dolphis significantly smaller in
central compared to southern Chiloé (Chapter 2usTlize and connectedness of

preferred habitat appear to influence occurrencegroup dynamics, and most likely
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density of Chilean dolphins. Density was not coesed in the habitat models, but
could be incorporated as a next step followingaeroach by Canadas al. (2005).

What are the features that make the selected arsasithern Chiloé so attractive to
Chilean dolphins? Yaldad Bay and Canal Colditabanended by wide intertidal areas
of with gently sloping, pebble beaches. In contr@sinales San Pedro/ Guamblad are
lined mainly by steep rocky shores with dense \ag@et cover and forests extending
to the water's edge. Despite geomorphological dbffiees, these locations are
relatively sheltered bays and channels with, atleaparts, strong estuarine character
and strong tidal currents (Heinrich, pers. obsesvatNavarro and Jaramillo 1994). A
purported “preference” for areas with estuarineratigr, river mouths, and close to
shore, with strong tidal currents or wave actios been reported for Chilean dolphins
throughout their range (Goodait al. 1988a, Pérez-Alvarez and Aguayo-Lobo 2002,
Ribeiro 2003), and is also well known for congenespecies (Goodadt al. 1988b,
Brager and Schneider 1998, Torlasahi al. 2000, Bejder and Dawson 2001,
Coscarella 2005). The observed preference for durnd slightly warmer waters
most likely reflects oceanographic peculiaritiesled selected shallow inshore habitat
rather than constituting active selection of thiesgures (Karczmarslet al. 2000).

Given that Chilean dolphins seem to spend a largpgstion of their time foraging
(Chapter 2, Ribeiro 2003), the distribution andwoence of potential prey could be
an important factor underpinning the observed halsitlection patterns. Quantitative
information on diet composition and prey sizes bfl€an dolphins is lacking. Three
reported prey species, robalo (Patagonian blekigginops maclovings pejerrey
(silverside,Odontesthesp.), and possibly sardineGlgpeasp. or Strangomerasp.),
(Oporto et al. 1990) inhabit estuaries and sheltered bays dwgmmgng and summer
(Pequeno and Saez 2004) and are regularly seemaantht in shorebased gillnets, in
Yaldad Bay (Heinrich, pers. observation). An ineersgasonal phytoplankton bloom
occurs in Yaldad Bay during the summer fuelledhmy éstuarine properties of the bay
(Navarro and Jaramillo 1994). At the same timeggdaschools of small fish (< 20 cm
in length) and an abundance of piscivorous seas lBahgregate in the bays and
channels used by Chilean dolphins (this study, €tovand Medina 1991), thus
supporting the idea of elevated local productiaityyacting fish and fish predators.
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The importance of estuarine areas as foraging giousiwell documented in the
literature for other coastal dolphin species (8alance 1992, Gubbins 2002, Flores
and Bazzalo 2004, Coscarella 2005).

Although localized abundance of prey related toquei physical-oceanographic
features might constitute a strong attractant,adaeiasons could also be important in
habitat selection. Calving (and possibly matingZinty takes place during the
summer (Chapter 2, Goodall al. 1988a). Thus, the distribution of conspecificshwit
which to socialize and exploit schooling prey caapigely (see Chapter 2) is likely to
influence an individual's movements and habitatec@dn (see Chapter 4). The
importance of distance to salmon farms is discugsedction 3.5.6.

3.5.4. Habitat selection in Peale’s dolphins

Peale’s dolphin habitat selection was mainly inficed by distance from shore and
depth. Distance to mussel farms and salmon farm® waportant and potential
implications are discussed in section 3.5.6. Thatigp components added
significantly to the fit of the model but not te ipredictive ability. Their inclusion
indicates that one or several potentially importeatiables might not have been
considered.

The areas predicted to be important for Peale’ptdo$ (based on probability of
occurrence) are relatively patchily distributed. douthern Chiloé, the shoals and
shorelines of south-eastern Islas Laitec and Caiknpredicted to have higher rates of
occurrence. In central Chilo€é, the central and ugset of the Estero Castro, the
south-western shore of Canal Hudson and partigu2ainal Dalcahue seem to offer
important habitat. In the predictive maps, probgbof occurrence is over-predicted
at the eastern boundaries of both study areas aezlge effects from smoothing
between sampling stations and the lack of datadmutbe sampling area.

Field observations suggest that one of the poténtinifying features of the
selected shallow areas is a relatively soft or gdudtom sediment with evidence for
presence oMacrocystis pyriferakelp in Canal Dalcahue and the southern shoals of
Isla Cailin. Shore-based investigations of halsilection have confirmed the long
reported preference by Peale’s dolphins Nbaccrocysteskelp beds in the Strait of
Magellan in southern Chile (Lescrauwaet 1997, Viddd Lescrauwaet 2005). Kelp
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was not included as a variable in the habitat nsuohethis study as it is generally not
very abundant in the Chiloé Archipelago and presearwd extent of kelp forests are
difficult to determine reliablyn situ However, kelp is only one possible feature that
was not included in the habitat models and couldrgortant to Peale’s dolphins in
Chiloé.

Peale’'s dolphins were mainly seen travelling (seleapfer 2). The patchy
distribution of preferred habitat would suggestt titey transit between patches, thus
potentially traversing most of the study area. wiggively, individuals might show
site fidelity to particular patches of good habithatdividual ranging patterns are
investigated in detail in Chapter 4.

The diet of Peale’s dolphins in the Chiloé Archgms is not known. Based on
observations from southern Argentina they couldelploiting demersal prey in
shallow waters (Ifiiguez and de Haro 1993, Schiaatial. 1997) which in turn shows
preference for particular habitat features. Theyaso known to take the same prey
species mentioned for Chilean dolphins above.

As discussed for Chilean dolphins, habitat use daseoccurrence does not take
into account density or behaviour. Fine-scale olag@mns in the habitat selected by
Peale’s dolphins (e.g. Canal Dalcahue) could peovidsights into the factors
underlying its importance and the behaviour dispdathere (e.g. as done fbursiops
truncatus,Hastieet al. 2004, Bailey and Thompson 2006).

In southern Chiloé, the probability of occurrence.(importance of selection) was
under-predicted at several sites that field obg&ms suggest are important. These
are small isolated sites along the shores of Bghiallon (Punta Yenecura, Punta
Queupue, and Punta Lua) where single females watty wmall neonates were
observed at several occasions during the sumnudiffenent years. These areas might
serve as temporary “refuge or nursing areas” foeme newborns (i.e. hours to a few
days old) during the most vulnerable period ofrthiéa. Habitat models based solely
on occurrence will always under-predict areas odrtsterm importance or of

infrequent but important use by a particular p&the population.

118



Chapter 3 — Habitat selection

3.5.5. Habitat partitioning of Chilean dolphins anBeale’s dolphins

Both species showed a marked preference for shalleavshore waters based on
single species-habitat models. There was littldigpaverlap when comparing the
predicted plots of occurrence. Comparing both ssedirectly in an analytical
framework showed a clear pattern of spatially drivebitat partitioning. Only two
non-spatial variables were significant and includadthe final model. Chilean
dolphins selected areas closer to mussel farmschs®r to rivers compared to

Peale’s dolphins.

The proximity to mussel farms in Chilean dolphit®sld not be interpreted as
preference for mussel farms as such. Rather, miease$ appear to serve as a proxy
for some unmeasured characteristics that make afea so attractive to Chilean
dolphins. As the majority of sightings of Chileaalghins close to the mussel farms
was made in Yaldad Bay, their occurrence closeussal farms appears to be driven
by the characteristics of this particular locatieng. estuarine features and high
seasonal primary productivity coupled with potditialevated prey availability (see
section 3.5.3.).

It remains unclear whether differences in prey gnezfice and/or feeding strategy
could drive the observed pattern of habitat partitig between Chilean dolphins and
Peale’s dolphins. Along the southern South Atlantast, Peale’s dolphins seem to
interact, and often forage jointly with Commersorslphins, C. commersonii
(Goodall 1988b, Goodakt al. 1997), the allopatric South American congener of
Chilean dolphins. Based on detailed diet analysim@erson’s dolphins are thought
to be a coastal generalist predator feeding manlgr near the bottom and exploiting
a wide range of fish (up to 30 cm in length), shriemd squid (Bastidat al. 1988).
Peale’s dolphins are also considered to be gesemkdators in the same areas and
exploit at least part of a similar prey field (Sohni et al. 1997). Social factors and
different life history constraints might also be pontant aspects influencing the
spatial distribution of sympatric species (Beaf2). Although the factors leading to
the differences in habitat selection of Chileanptiols and Peale’s dolphins remain
unknown, implications for conservation and expostoepotential anthropogenic

impacts exist.
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3.5.6. Potential impacts on selected habitats

Both species showed a positive relationship witttatice from salmon farms, and in
the case of Peale’s dolphins also from mussel farhthough Chilean dolphins
selected habitat closer to mussel farms than Pedtdphins, they did not prefer sites
close to mussel farmer se(i.e. the variable Mussel farm dist. was not sigaifit
and not included in the final habitat model for li€an dolphins).

The observed significant relationship between tbiphins and mussel and salmon
farms is best explained by indirect external faxt@ther than by active selection for,
or avoidance of, farms. Mussel farms and salmomdaselect specific environmental
conditions for proliferation and growth of theirr@aed stock. Both farm types require
space and a minimum water depth due to the heifghiheo underwater structures
involved. Vertically suspended mussel growth linssially extend for 8 m length
(Clasinget al. 1998) from the surface. Salmon farm cages areabiariin size and
extent, but usually are placed in water of morenth& m depth. Salmon requires
clean waters for optimal growth and farms are pesfgally placed in areas with
some currents to prevent accumulation of biodepoaibund the farm complex
(Stigebrandtet al. 2004). Mussels, being self-sustaining filter fasdedepend on
abundant phytoplankton supply in the water coluamis found in highly productive
estuaries with tidal flushing (Navarro and Jaramil94). In addition, there are many
technical, practical and legal requirements forc@taent of mariculture farms
(Bushmannet al. 1996), including proximity to settlements, trangpand supply

routes.

Selection for areas with estuarine character, pnesuhigh primary productivity
and some tidal flushing brings Chilean dolphinglirect overlap with prime sites of
mussel farming in the sheltered waters of eastdrto€ Incidental observations
suggest the presence of Chilean dolphins in theetlargest estuarine bays of eastern
Chiloé, all of which are also used intensively foussel farming (Heinrich, pers.
observation, Goodakt al. 1988a). However, as mariculture farms are wideagr
and extensive in the Chiloé Archipelago there ave $heltered areas that are not used
by at least one farm type (Anon. 2001).

Displacement of dolphins from critical habitat diweextensive shellfish farms has

been observed (Watson-Capps and Mann 2005), anteeassuggested for Chilean
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dolphins in Yaldad Bay (Kempeet al. 2003, Ribeiro 2003). In the absence of
information on pre-farming distribution and habitase patterns of the dolphins,
displacement is difficult to establish or refutes#nulation experiment or controlled
comparison of used and unused farm sites while uatew for habitat selection
criteria of the dolphins might provide a way to gauhe potential for displacement or
exclusion from potentially important habitat foetdolphins.

Based on distance to shore, selected depth andeswnts for water clarity there
seems to be less potential for competition for spbetween salmon farms and
Chilean dolphins or Peale’s dolphins. However, saifarms are numerous in areas
of high use by Chilean dolphins (i.e. Canales Sedré#Guamblad), and by Peale’s
dolphins (Canales Dalcahue/Hudson). Salmon farnms afect dolphins and their
habitat indirectly over an unknown distance duedéteterious changes to the local
ecosystem, contamination, disturbance from noisé famm-associated activities
(Bushmanret al. 1996, Tovaret al. 2000, Hayeet al. 2001, Wirsig 2001). Given the
lack of understanding of any of the ecosystem corapts singly, let alone in their
cumulative complexity, effects will be difficult tdetect, and causal link will be even
harder to establish.

Mariculture activities are already widely estabdighin the coastal waters of the™0
Region of Chile (i.e. Chiloé and mainland area) angl expanding rapidly into the
remote fiords and bays of thelRegion to the South (Bushmaanal. 1996, Sotcet
al. 2001). Given the vast extent of these areas amdatik of control or enforcement
of already existing regulations (Cérderetsal. 2005), potential impacts might be
better prevented rather than managed. No-use zotese potentially harmful
activities are not allowed to occur might provideiseful approach. A preliminary
coastal management pfahas been drafted by the regional authorities sstue
areas for different usage and some rather arljtrpfaced “conservation zones.”
Identified areas of importance to apex predattes diolphins seem to be important to
many other organisms at various trophic levels aadld provide at least some
biologically founded guidance to the placementaafriservation zones.”

2 Information available at http:/Aww.goreloslagdsveb/webfebr/bordecostero/comunal/
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This study provides a rigorous framework to ingete habitat selection in small
coastal cetaceans based on careful model selee&wahjation and validation. The
derived predictive models could be tested on emvivental data from other areas for
which similarly collected sighting data of Chiledalphins and Peale’s dolphins are
also available. Such a spatially independent vatidaapproach could provide
information on the generality of habitat selectgatterns. If the model proves robust,
it might help target future research efforts toaaref predicted occurrence in the vast
expanse of the remote and logistically challenduadpitat of Chilean dolphins and
Peale’s dolphins to the East and South of Chiloé.

122



Chapter 3 — Habitat selection

3.6.REFERENCES

Acevedo-Gutiérrez, A. 2002. Interactions betweerrimeapredators: dolphin food
intake is related to number of sharks. Marine Egpld’rogress Series
240:267-271.

Akaike, H. 1973. Information theory and an extensaf the maximum likelihood
principle. Pages 267-28ih B. N. Petrov and F. Csaki, editors. Second
International Symposium on Information theory. A&adai Kiado, Budapest.

Allaby, M. 1992. The Concise Oxford Dictionary obdogy. Oxford University
Press, Oxford, UK.

Anon. 2001. Recopilacion antecedentes propuestdficamidn Borde Costero
maritimo, Provincia de Chiloé. technical report @obo Regional de Los
Lagos, Chile.

Augustin, N. H., D. L. Borchers, M. A. Mugglestonand S. T. Buckland. 1996.
Regression method with spatially referenced daspegts of Applied Biology
46:67-74.

Bailey, H., and P. M. Thompson. 2006. Quantitatinalysis of bottlenose dolphin
movement patterns and their relationship with fexggJournal of Animal
Ecology 75:456-465.

Ballance, L. T. 1992. Habitat use patterns and eargg the bottlenose dolphin in the
Gulf of California, Mexico. Marine Mammal Science82-274.

Barlow, J., T. Gerrodette, and J. Forcada. 200Ltdfa affecting perpendicular
sighting distances on shipboard line-transect i@ cetaceans. J. Cetacean
Res. Manage. 3:201-212.

Bastida, R., V. Lichtschein, and R. N. P. GooddlP88. Food Habits of
Cephalorhynchus commersowiff Tierra del Fuego. Pages 143-1i60R. L.
Brownell and G. P. Donovan, editors. Biology of genusCephalorhynchus
Rep. Int. Whal. Commn., Special Issue 9. Cambridge.

Bearzi, M. 2005. Dolphin sympatric ecology. MarBielogy Research 1:165-175.

Bejder, L., and S. M. Dawson. 2001. Abundancedeesiy and habitat utilisation of
Hector's dolphins in Porpoise Bay, New Zealand. Né&gmaland Journal of
Marine and Freshwater Research 35:277-287.

Bjorge, A. 2001. How persistent are marine mammabithts in an ocean of
variability. Pages 63-9in P. G. H. Evans and J. A. Raga, editors. Marine
Mammals- biology and conservation. Kluwer AcademilEgmum Publishers,
New York.

Bowman, A. W., and A. Azzalini. 1997. Applied Smbioig Techniques for Data
Analysis. Clarendon Press, Oxford, UK.

Boyce, M. S., and L. L. McDonald. 1999. Relatingpptations to habitats using
resource selection functions. TRENDS in Ecology Budlution 14:268-290.

Brager, S., J. H. Harraway, and B. E. Manly. 2083bitat selection in a coastal
dolphin speciesGephalorhynchus hectgriMarine Biology 143:233-244.

Brager, S., and K. Schneider. 1998. Near-shorerililision and abundance of
dolphins along the West Coast of the South Isladdw Zealand. New
Zealand Journal of Marine and Freshwater Resedch 3

123



Chapter 3 — Habitat selection

Burnham, K. P., and D. R. Anderson. 2002. Modekd®n and multimodel
inference, 2nd edition. Springer-Verlag, New York.

Bushmann, A. H., D. A. Lopez, and A. Medina. 1986eview of the environmental
effects and alternative production strategies ofimeaaquaculture in Chile.
Aquaculture Engineering 15:397-421.

Cabeza, M., B. Araudjo, R. J. Wilson, C. D. Thombk, J. R. Cowley, and A.
Moilanen. 2004. Combining probabilities of occucerwith spatial reserve
design. Journal of Applied Ecology 41:252-262.

Cafiadas, A., R. Sagarminaga, R. deStephanis, Hiidlagand P. S. Hammond.
2005. Habitat preference modelling as a consenvataml: proposals for
marine protected areas for cetaceans in southeamiSp waters. Aquatic
Conservation: Marine and Freshwater Ecosystem95521.

Cardenas N., J. C., P. |. Melillanca, and P. Cabier2005. The EU-Chile association
agreement and the fisheries and aquaculture seatoChile. Centro
ECOCEANOS, Santiago, Chile.

Clasing, E., A. Onate, and H. Arriagada. 1998. i@ultde Choritos en Chile.
Universidad Austral de Chile, Valdivia.

Coscarella, M. 2005. Ecologia, comportamiento ylea@oén del impacto de
embarcaciones sobre manadas de tonina @ephalorhynchus commersonii
en Bahia Engano, Chubut. Ph.D. thesis. UnversigaBugnos Aires, Buenos
Aires, Arg.

Croll, D. A., B. Marinovic, S. R. Benson, F. P. @ba, N. Black, R. Ternullo, and B.
R. Tershy. 2005. From wind to whales: trophic linksa coastal upwelling
system. Marine Ecology - Progress Series 289:1107-13

Crovetto, A., and G. Medina. 1991. Comportement dauphin chilien
(Cephalorhynchus eutropiaGray, 1846) dans les eaux du sud du Chili.
Mammalia 55:329-338.

Davis, R. W., G. S. Fargion, N. May, T. D. Lemimg, F. Baumgartner, W. E. Evans,
L. J. Hansen, and K. D. Mullin. 1998. Physical tatbof cetaceans along the
continental slope in the north-central and west@ulf of Mexico. Marine
Mammal Science 14:490-507.

Dawson, S. M., F. B. Pichler, E. Slooten, K. Rusaetl C. S. Baker. 2001. The North
Island Hector's dolphin is vulnerable to extinctidharine Mammal Science
17:366-371.

Dawson, S. M., and E. Slooten. 1993. ConservatioHextor's dolphins: The case
and process which led to establishment of the Bdp&gminsula Marine
Mammal Sanctuary. Aquatic Conservation: Marine amdteshwater
Ecosystems 3:207-221.

Evans, P. G. H. 2002. Habitat pressures. Page$%45 W. F. Perrin, B. Wrsig,
and J. G. M. Thewissen, editors. The Encyclopaedi®arine Mammals.
Academic Press, San Diego.

Fiedler, P. C., J. Barlow, and T. Gerrodette. 198®lphin prey abundance
determined from acoustic backscatter data in eafacific surveys. Fishery
Bulletin 96:237-247.

Flores, P. A. C., and M. Bazzalo. 2004. Home rarages movement patterns of the
marine tucuxi dolphinSotalia fluviatilis in Baia Norte, Southern Brazil.
LAJAM 3:37-52.

124



Chapter 3 — Habitat selection

Gibson, L. A, B. A. Wilson, D. M. Cahill, and J.ilH2004. Spatial prediction of
rufous bristlebird habitat in a coastal heathlam@&IS-based approach. Journal
of Applied Ecology 41.

Goodall, R. N. P. 1988. Commerson's dolpl@ephalorhynchus commersonii
(Lacépede 1804). Pages 241-3267S. H. Ridgway and R. Harrison, editors.
Handbook of Marine Mammals. Academic Press, London.

Goodall, R. N. P., J. C. de Haro, F. Fraga, M. #gliez, and K. S. Norris. 1997.
Sightings and Behaviour of the Peale's dolphagenrhynchus australigith
notes on dusky dolphing, obscurus off southernmost South America. Rep.
Int. Whal. Commn. 47:757-775.

Goodall, R. N. P., K. S. Norris, A. R. Galeazzi,Al. Oporto, and I. S. Cameron.
1988a. On the Chilean DolphifGephalorhynchus eutropigGray, 1846).
Pages 197-25ih R. L. Brownell and G. P. Donovan, editors. Biologfythe
genus Cephalorhynchus Rep. Int. Whal. Commn., Special Issue 9.
Cambridge.

Goodall, R. N. P., A. R. Galeazzi, S. Leatherwd¢dw. Miller, I. S. Cameron, R. K.
Kastelein, and A. P. Sobral. 1988b. Studies of Cemon's Dolphins,
Cephalorhynchus commersgnioff Tierra del Fuego, 1976-1984, with a
review of Information on the Species in the Soutladtic. Pages 3-7ih R. L.
Brownell and G. P. Donovan, editors. Biology of genusCephalorhynchus
Rep. Int. Whal. Commn., Special Issue 9. Cambridge.

Gowans, S., and H. Whitehead. 1995. Distributiod habitat partitioning by small
odontocetes in the Gully, a submarine canyon orStwian Shelf. Canadian
Journal of Zoology 73:1599-1608.

Gregr, E. J., and A. W. Trites. 2001. Predictioficitical habitat for five whale
species in the waters of coastal British Columi@an. J. Fish. Aquat. Sci
58:1265-1285.

Griffin, R. B., and N. J. Griffin. 2003. Distribath, Habitat Partitioning and
Abundance of Atlantic Spotted Dolphins, Bottleno$2olphins, and
Loggerhead Sea Turtles on the Eastern Gulf of Me&ontinental Shelf. Gulf
of Mexico Science 1:23-34.

Gubbins, C. 2002. Use of home ranges by residetitehose dolphins Tursiops
truncatug in a south Carolina Estuary. Journal of Mammal8gyl78-187.

Hamazaki, T. 2002. Spatiotemporal prediction modélsetacean habitats in the mid
western North Atlantic Ocean (from Cape HatterasttNCarolina, U.S.A. to
Nova Scotia, Canada), logistic regression. Marirarvhal Science 18:920-
939.

Hastie, G. D., R. J. Swift, G. Slesser, P. M. Theamy and W. R. Turrell. 2005.
Environmental models for predicting oceanic dolphabitat in the Northeast
Atlantic. ICES Journal of Marine Science 62:760-770

Hastie, G. D., B. Wilson, L. J. Wilson, K. M. Pansp and P. M. Thompson. 2004.
Functional mechanisms underlying cetacean distobytatterns: hotspots for
bottlenose dolphins are linked to foraging. Marhelogy 144:497-403.

Haya, K., L. E. Burridge, and B. D. Chang. 2001viEonmental impact of chemical
wastes produced by the salmon aquaculture indu€l &S Journal of Marine
Science 58:492-496.

125



Chapter 3 — Habitat selection

Heithaus, M. R., and L. M. Dill. 2002. Food availdi and tiger shark predation risk
influence bottlenose dolphin habitat use. Ecologyt80-491.

Hill, J. K. 1999. Butterfly spatial distribution drhabitat requirements in a tropical
forest: impacts of selective logging. Journal oppAgd Ecology 36:564-572.

IAiguez, M. A., and J. C. de Haro. 1993. Prelimpnaaports of feeding habits of the
Peale's dolphinsL@égenorhynchus austra)isn southern Patagonia. Aquatic
Mammals 2:35-37.

Jaquet, N., and H. Whitehead. 1996. Scale-depencmmelation of sperm whale
distribution with environmental features and praduty in the South Pacific.
Marine Ecology Progress Series 135:1-9.

Jeganathan, P., R. E. Green, K. Norris, J. N. aglas, A. Bartsch, S. R. Wotton, C.
Bowden, G. H. Griffiths, D. Pain, and A. R. Rahm&04. Modelling habitat
selection and distribution of the critically endargd Jerdon's courser
Rhioptilus bitorquatusin scrub jungle: an application of a new tracking
method. Journal of Applied Ecology 41:224-237.

Jiménez, I. 2005. Development of predictive modelsxplain the distribution of the
West Indian manatee,Trichechus manatus,in tropical watercourses.
Biological Conservation 125:491-503.

Johnston, D. W., A. J. Westgate, and A. J. Read52Effects of fine-scale
oceanographic features on the distribution and mewves of harbour
porpoisesPhocoena phocoenan the Bay of Fundy. Marine Ecology -
Progress Series 295:279-293.

Julian, F., and M. Beeson. 1998. Estimates of mantammal, turtle, and seabird
mortality for two California gilinet fisheries: 1991995. Fishery Bulletin
96:271-284.

Karczmarski, L., V. G. Cockroft, and A. McLachla2000. Habitat use and
preferences of Indo-Pacific Humpback dolphiisusa chinensisn Algoa
Bay, South Africa. Marine Mammal Science 16:65-79.

Kemper, C. M., D. Pemberton, M. H. Cawthorn, S.rtieh, J. Mann, B. Wursig, P.
Shaugnessy, and R. Gales. 2003. Aquaculture anthenarammals - co-
existence or conflict? Pages 208-2#b N. Gales, M. Hindell, and R.
Kirkwood, editors. Marine Mammals: Fisheries, Teoriand Management
Issues. CSRIO publishing, Melbourne.

Legendre, P. 1993. Spatial autocorrelation: TroutMenew paradigm? Ecology
74:1659-1673.

Lescrauwaet, A.-K. 1997. Notes on the behavioureoaogy of the Peale's dolphin,
Lagenrhynchus australisn the Strait of Magellan, Chile. Rep. Int. Whal.
Commn. 47:747-755.

Lima, S. L., and L. M. Dill. 1990. Behavioral deciss made under the risk of
predation: a review and prospectus. Canadian JoofZaology 68:619-640.

Lusseau, D., and J. E. S. Higham. 2004. Managiegitipacts of dolphin-based
tourism through the definition of critical habitatthe case of bottlenose
dolphins {ursiops spp.) in Doubtful Sound, New Zealand. Tourism
Management 25:657-667.

Macleod, K., R. Fairbairns, A. Gill, B. Fairbairn, Gordon, C. Blair-Myers, and E.
C. M. Parson. 2004. Seasonal distribution of minkeales Balaenoptera

126



Chapter 3 — Habitat selection

acutorostrata in relation to physiography and prey off the Isié Mull,
Scotland. Marine Ecology - Progress Series 277 268-

MacNally, R. 2000. Regression and model-building donservation biology,
biogeography and ecology: The distinction betweemd reconciliation of-
‘predictive’ and 'explanatory’ models. Biodiversitgd Conservation 9:655-
671.

Manly, B. E., L. L. McDonald, and D. L. Thomas. BO9Resource selection by
animals. Chapman & Hall, London.

Markowitz, T. M., A. D. Harlin, B. Wursig, and C. McFadden. 2004. Dusky
dolphin foraging habitat: overlap with aquacultuneNew Zealand. Aquatic
Conservation: Marine and Freshwater Ecosystems334129.

Martin, A. R., and V. M. da Silva. 2004. River dbips and flooded forest: seasonal
habitat use and sexual segregation of bolois Qeoffrensiy in an extreme
cetacean environment. Journal of Zoology 263:29%.-30

Navarro, J. M., and R. Jaramillo. 1994. Evaluadienla oferta alimentaria natural
disponible a organismos filtradores de la bahi¥dielad, sur de Chile. Rev.
Biolo. Mar. 29:57-75.

Olden, J. D., D. A. Jackson, and P. R. Peres-N2262. Predictive models of fish
species distributions: A note on proper validatemd chance predictions.
Transactions of the American Fisheries Society 323-:336.

Olesiuk, P. F., L. M. Nichol, M. J. Sowden, andK].B. Ford. 2002. Effect of the
sound generated by an acoustic harassment deviteearlative abundance
and distribution of harbor porpoisd3hjocoena phocoehan Retreat Passage,
British Columbia. Marine Mammal Science 18:843-862.

Oporto, J. A., L. M. Brieva, and P. Escare. 1990arces en el conocimiento de la
biologia del delfin chileno,Cephalorhynchus eutropigGray, 1846).in
Resumes, 4. Reunién de Trabajo de Especialisthdaemiferos Acuaticos de
América del Sur, Valdivia, Chil.

Pequeno, G., and S. Saez. 2004. Peces marinos esrdahlitoral de Valdivia. Guia
de reconocimiento para efectos practicos. Corpéma¢imbiental del Sur
(CAS), Chile.

Pérez-Alvarez, M. J., and A. Aguayo-Lobo. 2002. Iaga del delfin chileno
Cephalorhynchus eutropigen la yona de Constitucion, Chile central. Pages
44-45in 10a Reunidn de Trabajo de Especialistas en Maosifacuaticos de
América del Sur, Valdivia, Chile.

R-DevelopmentCoreTeam. 2004. A language and enwieoh for statistical
computing. Version 1.9.0. R Foundation for Stataticomputing, Vienna,
Austria.

Reilly, S. B. 1990. Seasonal changes in distribuamd habitat differences among
dolphins in the eastern tropical Pacific. Marineolegy Progress Series 66:1-
11.

Reilly, S. B., P. C. Fiedler, K. A. Forney, andBarlow. 1998. Partitioning geo-spatial
and oceanographic patterns in cetacean habitaysamsalPages 11id The
World Marine Mammal Science Conference, Monaco.

Ribeiro, S. 2003. Ecologia comportamental do gbikthileno, Cephalorhynchus
eutropia (Gray 1846): Selecao de hébitat e interacoes coimdades

127



Chapter 3 — Habitat selection

antrépicas no sul do Chile. M.Sc. thesis. Univaadiéfederal do Rio Grande
do Sul, Porto Alegre.

Rushton, S. P., S. J. Ormerod, and G. Kerby. 20l&v paradigms for modelling
species distribution? Journal of Applied Ecologyl@B-200.

Schiavini, A. C. M., R. N. P. Goodall, A.-K. Lescmaaet, and M. K. Alonso. 1997.
Food habits of the Peale's dolphlragenorhynchus australisReview and
new information. Rep. Int. Whal. Commn. 47:827-833.

SERNAPESCA. 2004. Anuario estadistico de pescavi&@@rNacional de Pesca,
Ministerio de Economia Fomento y ReconstruccionleCh

Smith, R. C. P., P. Dustan, D. Au, and E. A. DunlE@86. Distribution of cetaceans
and sea-surface chlorophyll concentrations in thé&f@nia Current. Marine
Biology 91:385-402.

Sokal, R. R., and F. J. Rohlf. 1996. Biometry, 8dition. Freeman and Company,
New York.

Soto, D., F. Jara, and C. Moreno. 2001. Escapedosaln the inner seas, southern
Chile: Facing ecological and social conflicts. Bgital Applications
11:1750-1762.

Stevick, P. T., B. J. McConnell, and P. S. Hammadz@D2. Patterns of movement.
Pages 185-216n A. R. Hoelzel, editor. Marine Mammal Biology- an
evolutionary approach. Blackwell Science, Oxford.

Stigebrandt, A., J. Aure, A. Ervik, and P. K. Hams@004. Regulating the local
environmental impact of intensive marine fish fargiilll. A model for
estimation of the holding capacity in the Modellf@ngrowing fish farm—
Monitoring system. Aquaculture 234:239-261.

Torlaschi, C., F. C. Righi, M. C. Guiraldes, and B. Pettovello. 2000. Factores
ambientales que influyen la presencia de toninasasv(Cephaloryhnchus
commerson)ien la Ria Deseado (Santa Cruz, Argentina). Pages 9a RT,
Buenos Aires, Argentina.

Tovar, A., C. Moreno, M. P. Manuel-Vez, and M. dar¥argas. 2000.
Environmental impacts of intensive aquaculture iarime waters. Water
Research 34:334-342.

Venables, W. N., and C. M. Dichmont. 2004. GLMs, A\ and GLMMs: an
overview of theory for applications in fisheriesearch. Fisheries Research
70:319-337.

Venables, W. N., and B. D. Ripley. 2002. Modern kg Statistics with S, 4th
edition. Springer Veralg, New York.

Viddi, F. A., and A.-K. Lescrauwaet. 2005. Insight®i Habitat Selection and
Behavioural Patterns of Peale's Dolphihagenorhynchus austra)isn the
Strait of Magellan, Southern Chile. Aquatic Mamni&ls176-183.

Watson-Capps, J. J., and J. Mann. 2005. The effgfcesjuaculture on bottlenose
dolphin (Tursiopssp.) ranging in Shark Bay, Western Australia. Bydal
Conservation 124:519-526.

Whitehead, H., R. R. Reeves, and P. L. Tyack. 2@a&nce and the conservation,
protection, and management of wild cetaceans. P2@@3332in J. Mann, R.
C. Connor, P. L. Tyack, and H. Whitehead, edit@wstacean Societies: Field
Studies of Dolphins and Whales. University of Chimdress, Chicago.

128



Chapter 3 — Habitat selection

Wilson, B., J. R. Reid, K. Grellier, P. M. Thompsand P. S. Hammond. 2004.
Considering the temporal when managing the spatiapopulation range
expansion impacts protected area-based managearenbtflenose dolphins.
Animal Conservation 7:331-338.

Wiirsig, B. 2001. Aquaculture and marine mammalsemital concerns. Pages 703ff
in Aquaculture 2001. World Aguaculture Society, Laama State University,
L.A., USA.

129



Chapter 4  Site fidelity and ranging patterns of Chiean dolphins and Peale’s

dolphins: implications for conservation

4.1.ABSTRACT

Movement patterns can reveal much about a spesoesal dynamics and resource
use. They also provide important information on gpatial scales over which
monitoring programs and habitat protection measwfgsuld be implemented to
provide adequate protection for and managemenmpfcted populations. Coastal
Chilean dolphins Cephalorhynchus eutropiaand sympatric Peale’s dolphins
(Lagenorhynchus austra)igre subject to a variety of potential anthropagémreats,
and their population structure, ranges and movesnaré unknown. Site fidelity,
movement and ranging patterns were investigatethévidually identifiable Chilean
dolphins and Peale’s dolphins in the southern aedtral Chiloé Archipelago,
southern Chile in the austral summers of 2001 @42Mata were collected during
boat-based photo-identification surveys conduateisvo predefined study areas, each
spanning approx. 270 KmAnalysis of sighting histories from 42 reguladgen
Chilean dolphins revealed temporary stable smallescsite fidelity and short
alongshore movements (mean= 23.1 km, SE= 1.92).gdgarand core areas
determined for 11 Chilean dolphins wit20 sightings were small compared to other
delphinids and occupied a fraction of the availdidéitat, possibly reflecting habitat
quality and prey distribution. Individual Chilearolghins differed in their site
preference and range overlap suggesting spatiatitipaing in relation to
environmental and social factors within the popatat Individual Peale’s dolphins
showed only limited or low site fidelity, but obsed alongshore movements were
similar to those of Chilean dolphins. Low intra-amder-annual resighting rates
suggest that Peale’s dolphins ranged beyond thexdawies of the study areas.
Implications for population monitoring and spatalexplicit habitat protection

measures are discussed.
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4.2.INTRODUCTION

The Chilean dolphinGephalorhynchusutropia), a small endemic delphinid, is
restricted to the inshore waters of Chile from 885%55° S (Goodall 1994). The larger
Peale’s dolphin lagenorhynchusaustrali occupies the same coastal habitats in
Chile, but its distribution extends well into theushern South Atlantic (Brownedét
al. 1999). Limited information exists on the ecolodyboth species and ranging and

movement patterns have not been investigated & dat

Individual movement patterns can reveal much abagecies’ social dynamics and
resource use and yield implications for most bemadl and life history traits
(Rasmussen 1979, Macdonald 1983, Ostfeld 1990).eltewts in turn are influenced
by the distribution of predators and availabiliyooucial resources relating to feeding
and reproduction (Norris and Dohl 1980, Whitehe@86@l Heithaus 2001, Steviek
al. 2002).

Habitat heterogeneity and biological requiremeritsa gpecies interact to produce
diverse patterns in distribution, habitat use arm/@ments between and even within
species (McNab 1963, Steviek al. 2002). One of the best-studied small cetaceans,
the cosmopolitan bottlenose dolphiryrsiopssp., provides a good illustration. Some
populations are resident staying in a limited ayear-round and over several years
(Wells 1991, Corkeron 1997); others undertake anmigrations (Shanet al. 1986,
Kenney 1990). Seemingly resident animals may sugdatiend their usual range by
hundreds of kilometres (Wells and Scott 1990, Wilsbal. 2004). Such variability in
site fidelity and ranging characteristics has bedated to habitat differences (Shane
et al. 1986, Ballance 1992, Defran and Weller 1999), foesburces (Scott al.
1990a, Defrart al. 1999, Wilsoret al. 2004) and human impacts (Watson-Capps and
Mann 2005, Lusseaet al. 2006). Even within one population different stgas of
ranging may exist, related to the age, sex orodprtive state of individuals (Wells
et al. 1980, Oweret al. 2002).

Information on the pattern and scale of animal mosets is critical to conservation
issues. Effective conservation measures and conflitigation need to act at
appropriate temporal and spatial scales. Effortmanage adverse human impacts on
cetaceans, such as by-catch in fisheries, diretdkd, whale-watching activities,
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habitat degradation, usually focus on discrete tiona or groups of animals in
defined management areas (Hoyt 2005). Marine Pexlereas need to encompass
the movement range, or at least core habitat, efathimals for which protection is
sought (Brageet al. 2002, Wilsoret al. 2004, Hoyt 2005).

Monitoring programmes often target spatially dedirmpulations, i.e. animals that
use the designated survey area for the duratidheo$tudy. It is important to identify
the appropriate size of such areas to base obsmsatnd management decisions on a

representative sample of the population in question

Studies of movement patterns allow the investigatibsite fidelity, the calculation
of home range estimates and the identificationooé @reas. Site fidelity describes the
tendency of an animal to remain in an area ovenaended period, or to return to an
area previously occupied (White and Garrot 199@mk range refers to the area that
an animal uses to perform normal activities relatedforaging, mating, and (in
females) nursing (Burt 1943). Within their home gen animals use space
disproportionately. Core areasefqisuKaufmann 1962) are areas used more frequently
than others, and usually contain important resau(Samuekt al. 1985). Core areas
can be determined from the intensity of use or dhibzation distribution which
represents how an individual allocates time witlhihome range (Samuetl al. 1985,
Andreasseret al. 1993).

Tracking animals in space and time often requittaching devices that allow
regular determination of the animal’s location (YW&hand Garrot 1990, Andreass&n
al. 1993). In cetaceans, non-invasive photo-identificatechniques using naturally
occurring marks to identify individuals are useddely (Hammondet al. 1990,
Stevick et al. 2002). These have the advantage that animals @resubjected to
potentially impacting handling and tagging procesura larger sample of marked
individuals can be tracked over time, and costsaafaction of those for attaching
tracking devices. Limitations result from restmects of spatial and temporal
resolution of re-sighting data. The probability ttren individual is sighted and
identified in the study area often depends on ibsyements and behaviour and on the
distribution of survey effort (Turchin 1998). Whérese limitations are addressed and
accounted for, photo-identification has proven & powerful tool in identifying
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critical areas and establishing conservation zdoesetaceans (Wilsoat al. 1997,
Wimmer and Whitehead 2004).

In this study, systematic photo-identification teicjues were used to examine site
fidelity and range characteristics of Chilean daighand Peale’s dolphins in two
geographically separated locations in the Chilo&h#rielago, southern Chile.
Objectives were to compare movement patterns betweeations and between
species and to identify key areas and spatial sdalewhich conservation measures
could be implemented.

4.3.METHODS

4.3.1. Data collection

Systematic photo-identification surveys were comedan the nearshore waters of
southern Chiloé from 2001 to 2004, and in centrald@ from 2002 to 2004 during
the austral summer months (spanning December td) Apetails on survey design,
data collection and data processing are given ep@n 5.

The size of the study areas (southern Chiloé: ap®@5 kni of water surface;
central Chiloé: approx. 260 Knand the complexity of the coast line precludeldi fu
coverage of each area during a single survey dayatfempt was made to survey the
southern study area at least twice per month aadéhntral study area at least once
per month. A minimum of four to five survey daysre/€equired to cover each study
area. Survey effort was restricted to good sightiogditions (Beaufort sea state3,
no precipitation).Study areas differed most markedly with regard ttew depth
(southern Chiloé: median depth = 21 m; central gghilmedian depth = 42 m) and
intensity of use for mariculture (southern Chilagprox. 21 fish farm and 41 shellfish
farm concessions; central Chiloé: approx. 26 fighmf and 96 shellfish farm

concessions).

133



Chapter 4 — Ranging patterns

ya central Chiloé

Dalcahue

ah ChiIo?

Falkland
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56° S
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Figure 4-1 Location of study areas and distribution of sigds of individual Chilean
dolphins (red triangles) and Peale’s dolphins Oyeltircles) related to the
location of sectors. For sector codes see Table 4-1
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4.3.2. Sighting analyses

Sighting histories and locations for all identifiabndividuals (excluding calves)
were extracted from species-specific Microsoft As® database$ihbase eutropia
for Chilean dolphinsfFinbase australidor Peale’s dolphins; see Appendix Ill) where
all identification photographs have been archivieshg with detailed information on
each survey and sighting. Gender of individual €iml dolphins was determined from
photographs showing a recognizable dorsal fin dmel dex-specific colouration
pattern around the genital area (Appendix 1V, Gdloetaal. 1988). Gender could not
be determined with certainty for Peale’s dolphiaglese lack sexual dimorphism in
colouration or size. Individuals of both speciesravelassed as “probable female”
when they were photographed repeatedly with aczateonate by their side.

Individual dolphins with subtle to very distinctivenarkings (MD 1-3) and
photographs of good to excellent quality (PQ3-4yemesed in analyses (Chapter 5,
Appendix I1). If an individual had multiple sightgs during one survey (day), only the
first sighting was included. Analyses of spatiastdbution were based on GPS
locations obtained at the beginning of each sighpinor to approaching the dolphins
for identification photographs and potentially alg their behaviour due to the

presence of the survey boat.

4.3.3. Site fidelity and movements

Logistic restrictions and differences in exposwestvell and weather conditions
resulted in unequal distribution of effort withimdbetween study areas, potentially
biasing estimation of site fidelity and movemenhgas. Subsequently, each study
area was divided into sectors (i.e. sub-areas)site and boundary of which were
determined by the survey route, geographic diffezen(e.g. exposed cliffs versus
sheltered bays) and effective survey effort (FigdtE, Table 4-1, see also Chapter 2
for more information on sectors). A sector was @ered surveyed when it had been
covered systematically during a particular survay.d

Observed sighting rates were calculated for eactosand individual by dividing
the number of sightings by the number of completeeys of the sector (maximum
one per day) while the individual was known to beea(i.e. period between first and
last sighting) (see Braget al. 2002). Only sectors known to lie within the speties

range were included. To test for site fidelity, eb®d sighting rates were compared
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to expected values using Pearson's chi-squaresl wai$t simulated p-values (1,000
Monte Carlo simulations) recommended for small dansfzes, implemented in the
software package R, vers.2.1 (R-DevelopmentCoreT2@04). As the same null
hypothesis was tested for each individual, Bonfaiso Correction for multiple
comparisons (Rice 1989) was applied to adjustabketwide significance level ofp
0.05.

Only individuals with at least five 5 sightings thg three years (two years for
animals in central Chiloé) were used to test fte fidelity and to calculate maximum
observed alongshore ranges. Alongshore ranges adeteemined by measuring the
shortest linear distances between the two mosemersightings of one individual

without crossing land.

4.3.4. Range and core area use

Distribution probabilities and core area use ofuitthals were determined using the
fixed Kernel home range estimation function in tArimal Movement Analysis
Extension (Hooge and Eichenlaub 1997) to ArcViews@&.2 (ESRI 1999). The
kernel is a non-parametric estimator which providegrobabilistic model of home
range and calculates the intensity of area uséil@ation distribution (UD) (Worton
1989, Seaman and Powell 1996). The UD represeatprbbability that an animal
spends time at any one place in its range as didunof the distribution of all the
positions where it has been observed (Worton 198@)as with many sightings will
generate a greater kernel UD than areas with fghtisags. This study used fixed
kernels with least square cross validation to $ekltc appropriate smoothing
parameter (Silverman 1986, Hooge and Eichenlaul@)189 these are considered the
least biased home range estimators available (\Wot&@05, Seaman and Powell
1996). The 95% UD contour was considered to reptethe area that an individual
dolphin actually used (i.e. known range), and t©0&3JD contour delineated the core
area of activity (Hooge and Eichenlaub 1997, GubBiD02, Owert al. 2002).

Only individuals with> 20 sightings were included in fixed kernel ranggneation.
This was considered a trade-off between accuracthefestimates and number of
individuals for comparison. For each individual,lyothe first sighting location per
day was used. Sighting histories spanned at lbest tyears with intervals of several
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days to months between individual sightings. LamnsBnevas subtracted from all

estimates of range and core areas.

4.3.5. Overlap of individual UDs

The 95% UDs for each dyad (i.e. pair) of dolphirerevoverlaid and the extent of
overlapping areas determined using the Geo-praggs$Vizard and X-Tool
extensions in ArcView 3.2. The degree of overlapdgads of individuals (O) was
calculated (following Lazo (1994)) as:

2P
(Pa+Fs)

where P, is the area of the polygon delimited by the intetis@ of the individual
UDs, Pais the 95% UD for individual A, anBg is the 95% UD for individual B.

4.3.6. Association analysis

Coefficients of association (COAS) were calculafi@dthe same dyads of dolphins
(i.e. individuals with> 20 sightings) using SOCPROG compiled ver. 2.1.i{¢Wead
1995, 2004). The observation period was set todayeand each group formed an
association unit. Association was defined by presan the same group. The “half-
weight” index (HWI) was used as individuals wererendikely to be scored when
separate than when together in the same groupn&Caid Schwager 1987, Slootin
al. 1993). The HWI is calculated as:

X

X+Y5 42 (Y, +Ys)

whereX is the number of observation periods during whiahviduals A and B are
seen together in the same grotpg is the number of observation periods during
which individuals A and B are located in separateugs, Ya is the number of
observation periods during which only individualishobserved in a group ang is
the number of observations periods during whicly amllividual B is observed in a
group (after Cairns and Schwager 1987). Hence Cf@Aged from O (never seen
together) to 1 (always seen together).
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Permutation tests were performed in SOCPROG (20€0nutations) to test
whether the observed associations differed fromtwhight be expected at random
(Bejderet al. 1998, Whitehead and Dufault 1999, Whitehead 2004).

A Mantel test (Mantel 1967) was used to examine thdrethe extent of spatial
overlap between two dolphins was related to thength of associations between
them. The Mantel test estimates the associatiomdmzt two independent dissimilarity
matrices describing the same set of entities asthk tehether the association is
stronger than expected by chance (Sokal and R&¥6,1p.814). The first matrix
contained the degree of spatial overlap for ea@ddyf dolphins; the second matrix
contained the COAs for the same dyads. The Maettl was implemented in the
Microsoft Excel® Extension Poptools ver. 2.6.9. ¢dd2005) based on the formulae
in Manly (1991).
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4.4, RESULTS

Survey effort varied within and between study argasentially biasing sighting
opportunities (Table 4-1). Where possible, uneguavey effort was included in the

analyses to account for these spatial biases.

4.4.1. Chilean dolphins

4.4.1.1. Sighting histories

Seventy-two individual Chilean dolphins were idéatd from 1,995 photographs
during 602 individual sightings. In southern Chjloé4% of the 57 identified
individuals were seen at least five times, with aximum of 35 sightings for one
individual observed during all four years (Figure2y Once identified, Chilean
dolphins were resighted regularly and during couBege years suggesting long-term
site fidelity for the majority of individuals (Figa 4-3).

However, in central Chiloé, 60% of the 15 identfi€hilean dolphins were sighted
only once in three years (Figure 4-3). The mostjfently seen individual (ID65,
male) had four sightings spread across three y&aven this paucity of sightings in
central Chiloé, only Chilean dolphins at southetmld® were included in further
analyses. Movements of individuals between studgswere not observed.

4.4.1.2. Alongshore ranges and movement patterns

Maximum ranges were determined for 42 Chilean daofphn southern Chiloé
sighted at least five times in three years. Beytnd criterion, alongshore range
appeared independent of the number of sightingsimbvidual (Spearman’s rank
correlation: ¢ = 0.144, df = 41, p= 0.3622; Figure 4-4). Distanbetween the most
extreme sightings of the same individual rangedhfrokm (only seen in Canales San
Pedro/ Guamblad) to 45 km (mean= 23.1 km + 1.92 8Iehgshore ranges did not
differ significantly between males (n=3, mean= 2&n2+ 6.31 SE) and females (n=7,
mean= 23.4 km = 4.11 SE) (Mann-Whitney test, W=d%,0.05).
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Table 4-1 Annual distribution of survey effort shown a® thumber of complete
surveys of sectors in southern (a) and centraCtipé.

a) southern Chiloé

Sector - gector description | SZ€ | 2001 2002 2003 2004 %@ | Median
Code (km") surveys
EYA East Yaldad Bay 6.56 32 37 38 31 138 34.5
WYA West Yaldad Bay 9.58 31 31 23 18 103 27
NCC northern Canal Coldita 3.76 16 13 17 16 62 16
PQU  P. Queupué -Isla Linagya  4.38 13 17 21 14 65 515
SCC southern Canal Colditg 11.09 15 14 9 al 42 115
ECO East Isla Coldita 13.8% 10 12 11 8 41 10.5
RNE Rio Negro - P. Yatac 15.6% 6 9 5 3 23 55
SPE  C. San Pedro + Guamblad 32.67 6 10 6 2 24 6
WLA West Isla Laitec 29.09 8 8 8 5 29 8
BQU Bahia Quellon 37.54 30 28 24 22 104 26
ELA East Isla Laitec 36.18 10 13 10 8 41 10
WCA West Isla Cailin 8.86 7 10 6 5 28 6.5
SCA South Isla Cailin 25.83 5 6 4 3 18 4.5
BHU Bahia Huellenquon 9.60 7 5 3 3 18 4
CCH Canal Chiguao 29.4( 9 11 7 6 33 8
Total area 274.04 205 224 192 148 769
b) central Chiloé
Sector - sactor description SiZe | 5001 2002 2003 2004 "°@ | Median
Code (km") surveys
CYA Canal Yal 47.98 - 4 3 0 7 3
CAS Estero Castro 37.15 - 12 14 1 217 12
CHU Canal Hudson 35.57 - 5 6 8 19 6
CLE Canal Lemuy 58.24 - 7 8 1 16 7
CDA Canal Dalcahue 16.62 - 7 11 10 28 10
PTE Paso Tenaun 62.06 - 2 3 Y. 7 2
Total area 257.62 - 37 45 22 104
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Figure 4-2 Number of sightings of individual Chilean dolpsiim southern Chiloé.
MD1 — MD3 denote individuals with different distimeness of marks

(see text).
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Figure 4-3. Number of years that individual Chilean dolphivexre seen in southern
(a) and central (b) Chiloé. Light colour denotedividuals seen only in or
until the last field season (2004).
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The largest alongshore range was recorded incitiefta a male Chilean dolphin
(with only four sightings). This individual (ID6%yas identified during an exploratory
survey at the southern border of the central sarég in 2002 and was re-sighted 70

km to the north-east during regular surveys in 2003
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45 - . = MD 2 (n=21)
. " ANMD 3 (n=9)
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Number of sightings

Figure 4-4. Maximum observed alongshore ranges versus nuailsgghtings of
individual Chilean dolphins at southern Chiloé. MBMD3 denote
individuals with different distinctiveness of marfsee text).

4.4.1.3. Site fidelity

The distribution of sighting locations reflectedetlimited alongshore ranging
pattern and proved largely unaffected by the unkedisribution of survey effort.
Sighting rates of Chilean dolphins differed sigeaitly among the 10 sectors in
southern Chiloé (Kruskal-Wallis test, H= 304.4, &=p< 0.001) with highest mean
rates observed in northern Canal Coldita (NCC) @adiales San Pedro/Guamblad
(SPE), and lowest rates in Bahia Quellon (BQU) {Fég4-5). For most individuals
(76%, or 45% after Bonferroni correction was appliedistribution of sightings was
not explained by distribution of survey effort (Tall-2), indicating site fidelity to

selected areas within the overall known range.
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Table 4-2 Sighting rates of 42 individual Chilean dolph{msth > 5 sightings ir> 3 years) across sectors in southern Chiloé cemdldor survey
effort. Sex indicated as female)( probable femalex(?), male ¢) and unknown (U). For details on sector codeslsdde 4-1.

. 2 .

Dol'gh'” Ntfpe"f Sex I\élljgrgeng ';'g;“rgesreogn EYA WYA NCC PQU SCC ECO SPE BQU SCA BHU F{ Sm
5 N O 35 2 0080 0049 0210 0031 0048 - 0083 - T 0041
s M 3 30 3 0085 0069 0239 0038 0111 - . ] ; 0001 *
13 M o2 27 4 0109 0029 0048 0015 0071 - 0083 - .- 0001 ™
19 ML 9 27 4 0080 0019 0065 0046 0071 - 0083 - .- 0001 ™
9 ML 9 25 4 0075 0083 0065 0077 0111 - - ] ] 0.004
9 M 97 24 4 0043 0097 0065 0031 0024 - 0042 - .- 0230
2 M2 U 23 4 0051 0010 0129 0031 0048 - 0042 ] - 0001 *
38 M 9 23 4 0043 0010 0129 0046 0071 - 0083 - .- 0004
7 MB 20 4 0036 0049 0081 0062 - - ) ; - 0001 ™
39 ML 97 20 3 0075 - 0174 0038 0037 - ] ] ; 0001 *
46 ML 9 20 3 0066 0028 0196 - 0074 - ; ; . 0001 ™
1 Me U 8 2 0014 0029 0081 0031 0071 - o®@@alo - - 0108
15 M3 U 18 4 0051 0058 - - o071 - ; ; - 0001 *
6 M U 17 4 0043 0049 0065 0015 - . 0042 - - . 0001 *
2 M 16 4 0043 0049 0032 0015 - . 0083 - . 0004
31 M U 16 2 0029 0024 0242 - 0077 - 0125 - - . 0001 *
17 M 9 15 4 0058 0039 - - om8 - } ; - -0001 ™
8 ML U 14 4 0036 0039 0032 0015 - ; ] . 1D1 - 0080
53 M2 9 14 3 0028 - 0196 0019 0037 - ] ; . 0001 *
58 M2 U 13 2 0043 0024 0152 - 0077 - ] ] . - 0005
69 M3 O 13 2 0129 0222 0188 0071 0250 - ] ] . 0014
18 M3 9 12 4 0029 0039 0032 0031 - - ; ] - 0014
8 ML 97 12 3 0047 - 0130 0019 - - ; ] - -0001 ™
27 M3 O 11 3 0047 0028 0065 - 0037 - ; ; ] 0.008
28 M & 10 4 ) - ; . o024 - 0375 - - - 0001 *
2 M U 10 3 0028 0047 0043 - 0026 - } ; . - 0021
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Table 4-2.Continued, Chilean dolphins, southern Chiloé

. 2
Dolphin - VBrK g Nurberof  MUTPErol "eva WA NCC PQU SCC ECO SPE BQU SCA BHU #SMT
type sightings years seen p-value
11 M2 @ 9 4 0.022 0.010 0.032 - 0.024 - 0.083 - - 0.001 *
29 ML U 9 3 0.028 0.028 0.065 0.019 - - - - - - 0.074
37 ML 3 9 3 0.009 0.014 0.065 0.019 0.037 - 0.083 - - - 0.463
6 M2 Q? 8 4 0.029 0.019 - - - - 0042 - - 0.088001 **
59 Y/ 24 U 8 4 0.036 - 0.032 - - - - - 0.056 -0.002
63 ML U 8 4 0.022 0.010 0.032 - 0.024 - 0042 - - - 0.292
41 M2 Q? 8 3 - - - - 0.037 - 0292 - - - 0.001 *
14 M3 Q 7 4 - - - - 0.048 0.024 0.167 - - -0.015
25 M3 U 6 4 - - - - - - 0.250 - - - 0.001 *
30 M3 U 6 4 - 0.010 0.016 0.015 0.024 - - - 0.111 0.845
56 M2 U 6 4 0.014 - - - - - 0042 - - 0.088496
54 Ml U 6 2 - 0.049 0.061 0.029 0.077 - - - - - 0.426
10 M3 U 5 3 - - - - - - 0.208 - - - 0.001 *
23 M2 U 5 3 0.019 0.012 - - 0.026 - - - - -0.524
36 ML U 5 3 - - - - 0.026 - 0182 - - - 0.007
43 ML Q? 5 3 - - - - 0.037 - 0.167 - - - 0.004

1 tests using simulated p-values were useedstonthether the geographical distribution of anviddial’s sightings was significantly
different from expected given the geographicalrdistion of survey effort; bold = significant atlle-wide g 0.05 level;

** = significant after Bonferroni adjustment.
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Figure 4-5. Differences in mean sighting rates of individGlilean dolphins
(corrected for effort) across sectors in southeniio@. Error bars denote
95% confidence limits.

Individual Chilean dolphins could be grouped togetlaccording to two main
spatial patterns of site fidelity (Table 4-2). Masdividuals (72%) preferred a
combination of northern Canal Coldita (NCC, 30 dhifig), East Yaldad (EYA, 33)
and West Yaldad (WYA, 30), but also had occasionakgular sightings in southern
Canal Coldita (SCC, 25) and Canales San Pedro/Gadn(8PE, 14). The second
group of individuals (19%) showed strong site figelonly to Canales San
Pedro/Guamblad (SPE, 8 dolphins) with occasionghtsigs in southern Canal
Coldita (SCC, 6). In addition, four individuals veeonly observed in Yaldad and
northern Canal Coldita, and one was exclusively nseéa Canales San
Pedro/Guamblad. Only five dolphins were observedrgnture into more easterly
sectors of the study area (BHU, SCA, BQU).

4.4.1.4. Ranges and core areas in Chilean dolphins

Fixed Kernel ranges (95% UD) and core areas (50% Weére calculated for 11
Chilean dolphins, 10 of which had site fidelity addtribution patterns that were
independent of the unequal distribution of survéfgre (Tables 4-2, 4-3). Ranges
based on the 95% UD contour varied from 22 km42 knf (mean= 35.6 kfiz+ 8.2
SD). The sizes of individual 95% UDs were not digantly correlated with the
number of sightings available for each individudpéarman rank’s correlationg=r
0.556, df= 10, p= 0.075).
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All dolphins had one to three distinct core areagt, on average, made up 23% of
the size of their overall ranges (Table 4-3). Thesee areas were located at the
entrance to East Yaldad Bay, off central West YalBay and/or in northern Canal
Coldita. Maps of ranges and core areas for thré®iduals representing the different
patterns observed between the sample of 11 dolpinenpresented in Figure 4-6 (a-c).

As a minimum of 20 sightings was required for isadun in range estimation,
individuals with predominant site fidelity to CaealSan Pedro/Guamblad were not
considered due to their low number of sightingsb{@at-2). Their lower number of
sightings, however, could be attributed mainlydwér survey effort in Canales San
Pedro/Guamblad (approx. 60% less effort than naomtBanal Coldita), as this area is
difficult to access and logistically challenging.fact individual ID28 (male) showed
the highest degree of site fidelity observed (Tab). This dolphin was identified
during nearly 40% of all visits to Canales San BA8uamblad. Range and core area
were determined for this individual for visual coamigon and to highlight the
importance of Canales San Pedro/Guamblad for ait lsame dolphins in the

population (Figure 4-6 d).

4.4.1.5. Range overlap and association patterns

Spatial overlap of ranges (based on 95% UDs) wasnsixve between dyads of
dolphins (mean rate of overlap = 80% + 8.4 SD) mapdrom 62% to 97% overlap.
Note that the male dolphin (ID 28) was not includedalculation of range overlap.
COAs calculated for the same dyads of dolphinsedafriom 0.05 — 0.64 (mean COA
= 0.26 + 0.04 SD). The standard deviation of theeobed dyadic association indices
was significantly higher than those from permutemtadsets (p= 0.0243), thus
rejecting the null hypothesis of individuals asatiog at random. Dyads of dolphins
with a larger range overlap also had significartigher COAs (Mantel matrix
correlation coefficient = 0.287; p= 0.013; 10,0@6dom permutations).
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Table 4-3 Ranges and core area size for Chilean dolpkiith & 20 sightings)
determined from 95% and 50% fixed Kernel utilisatéistribution (UD)
contours. Sex indicated as femal® (probable female{(?), male ¢) and
unknown (U).

Number of
Dolphin Alongshore  95% 50%  jistinct  50% / 95%
D Sex range t UDarea UDarea .oo''s "D ratio
2 2
(km) kmd) (k) o
5 o 394 415 6.83 2 0.16
3B 4 14.1 31.5 3.48 2 0.11
13 92 15.3 42.6 9.88 1 0.23
19 92 38.9 46.0 12.43 2 0.27
29 9 13.9 33.3 9.52 2 0.29
9 02 37.5 41.1 16.8 1 0.41
2 U 36.7 40.1 7.52 3 0.19
38 0 29.9 41.1 12.64 1 0.31
7 0 7.3 25.5 712 3 0.28
39 92 10.9 215 2.75 2 0.13
46 9 13.8 26.9 3.67 2 0.14
Mean 535 35.6 8.41 0.23
SD 12.89 8.17 4.388 0.092
100 4 25.5 13.61 3.00 1 0.22

T measured as the shortest linear distance betiveenost distant sightings, not
crossing land.
* individual had only 10 sightings (included fasraparison, see text).
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Coldita Coldita

d) ID 28- Male

Coldita

San Pedr¢ _ San Pedr¢

Figure 4-6. Known ranges (yellow = 95% UD contours) and cresas (red = 50%
UD contours) of four Chilean dolphins (a-c: femaldsmale) in southern
Chiloé. Sighting locations are shown as red dots.
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4.4.2. Peale’s dolphins

4.4.2.1. Sighting histories

A total of 406 photographs were used to identifyP&ale’s dolphins, 34 and 45
individuals at southern and central Chiloé, redpelt, during 261 individual
encounters. Many individuals were seen only ond®44at southern and 35% at
central Chiloé, Figure 4-7). A similar number odlividuals, however, were resighted
at least once each year after initial identificat{&igure 4-8), suggesting intermittent
long-term use of either study area. Overall retsighrates were low with a
maximum of nine sightings for one individual peudst area (Figure 4-7)

a) souther(2001-2004 b) central(2002-2004
14 14
o O MD 3 (n=15) O MD 3 (n=15)
12 mMp2(n=7) | 127 ] B MD 2 (n=14)
10+ mMD1(n=12)] 1(0 - B MD 1 (n=16)

Number of individual
(00}

6 -
4 -
2
0-
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Number of sightinc Number ofsightings

Figure 4-7. Number of sightings of individual Peale’s dolphat southern (a) and
central (b) Chiloé. MD1 — MD3 denote individualghvdifferent
distinctiveness of marks (see text).
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a) souther b) centre
26,
2- 227
20 207
18+ 181
16 16-
14 147
12 127
10 10+
8- 8-
6- 6
3 m :
2- 2
0 0
1 2 3 4 1 2 3
Number of years seen Number of years seen

Figure 4-8 Number of years that individual Peale’s dolphrese seen in southern
(a) and central (b) Chiloé. The lighter colour desandividuals seen only
in or until the last field season (2004).

150



Chapter 4 — Ranging patterns

4.4.2.2. Alongshore ranges and movement patterns

Nine Peale’s dolphins in southern, and ten in en@hiloé met the criteria for
inclusion in estimates of alongshore randgeanges of Peale’s dolphins in southern
Chiloé (mean= 15 km £ 1.11 SE, range 10 - 19 knpeaped smaller than those in
central Chiloé (mean= 26.8 km + 5.28 SE, range48 km), but the difference was
not significant (Mann-Whitney test, W= 80, p> 0.08Beyond five sightings,
maximum ranging distances were not correlated sighting frequencies, neither in
southern nor in central Chiloé (Spearman rank'satations: ¢ = 0.171, df =8,
p=0.644; ands 0.173, df=9 , p=0.665, respectively; Figure 4-9)

As for Chilean dolphins, individual movements betwetudy areas (approx. 65 km
in shortest linear distance) were not observed watttainty. Potential but ambiguous
matches between medium to good quality photograpd® considered for both
species, but all were rejected by two of three egpeed observers. Observed
alongshore ranges did not differ between Chiledpldies and Peale’s dolphins when
data were compared across study areas (Mann-WrigsgywW= 1334, p> 0.05).

Alongshore range (km)

a) souther b) centre
B + MD1(n=3) B + MD1(n=4)
S0 B MD2(n=1) S0 B VD2 (n=4)
45 - ANMD3(N=5)| 454 . . ANMD3(N=2)
40+ 40 ¢ .
35 35 2
30 30
25 o5
207 A A ¢ 20+
15+ A : n 15
10+ A A 10- . . .
5- 51 A
O T T T T T 1 O : : : : !
5 6 7 8 9 10 5 6 7 8 9 10

Number of sightings per individual

Figure 4-9. Maximum observed alongshore ranges versus nuailsgghtings of
individual Peale’s dolphins at southern (a) andreifb) Chiloé. MD1 —
MD3 denote individuals with different distinctivesgeof marks (see text)
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4.4.2.3. Site fidelity

Sighting rates of Peale’s dolphins, when correcfed effort, also differed
significantly between sectors in both study ardasigkal-Wallis test for southern
Chiloé: H= 20.5, df= 8, p= 0.0086; and central G&ilH= 26.8, d.f.= 3,9 0.001).
Highest mean sighting rates were observed in sout@&iloé off South Isla Cailin
(SCA) and Punta Queupué (PQU), and in central €hiloCanal Dalcahue (CDA)
(Figure 4-10). Distribution of sightings was explkad by distribution of survey effort
in all but six cases (Table 4-4), indicating thatvfindividuals exhibited site fidelity.
As the number of sightings was low for most Peattphins, sample sizes might

have been too small to detect a significant pattern

020, 020, [

015 | 015 |

010 010, T

005 T _ [ o T |

000 | [ [ | Ielealeele oo I Y ol
PQU SCC ECO WLA BQU ELA WCA SCA CCH ECA CHU CLE CDA

Figure 4-1Q Differences in mean sighting rates of individBekle’s dolphins
(corrected for effort) across sectors in southajratid central (b) Chiloé.
Error bars denote 95% confidence limits.

152



€at

Table 4-4 Sighting rates of 19 individual Peale’s dolgh(with> 5 sightings ir> 2 years) across sectors in southern (a) and
central (b) Chiloé, corrected for survefpdf For details on sector codes see Table 2-1.

a) southern Chiloé

Dolphin  Mark  Numberof  Number of 2’ sim
"gh ype  sighiings  yeasseen PQJ SCC ECO WA BQU ELA WCA SCA CCH 7 o0 l
4(@?) \V/ 24 9 3 0.100 0.143 0.013 0.032 0.071 870.1
13 ML 8 4 0.200 0.019 0.073 0.071 0.056 420.1
5 ML 7 4 0.077 0.024 0.034 0.029 0.024 0.0300.368
32 ML 7 2 0.065 0.091 0.143 0.154 0.192
7 M3 6 4 0.108 0.049 0.036 0.111 0.469
20 M3 6 3 0.308 0.024 0.034 0.019 0.024 0.0300.894
11 M3 5 4 0.169 0.038 0.024 0.008
1 M3 5 3 0.154 0.053 0.286 0.245
14 M3 5 2 0.300 0.111 0.018

b) central Chiloé

Dolphin  Mark  Numberof  Number of 2 sm. q
ID type sightings years seen CAS CHU CLE CDA p-value

17 M1 9 3 0.154 0.105 0.067 0.071 0.633
22 M1 8 3 0.038 0.105 0.179 0.092
26 M2 8 3 0.105 0.214 0.004 **
31 M3 6 3 0.053 0.179 0.024

64 M3 6 3 0.038 0.105 0.107 0.523
36 M3 6 2 0.071 0.143 0.143 0.052
59 M1 6 2 0.038 0.067 0.1430.019

23 M1 5 2 0.038 0.091 0.167 0431
25 M1 5 2 0.091 0.222 0.056
30 M2 5 2 0.278 0.002 **

f # tests using simulated p-values were useeéstonthether the geographical distribution of anviddial’s sightings was significantly
different from expected given the geographicalrttigtion of survey effort; bold = significant atlile-wide g 0.05 level,
** = significant after Bonferroni adjustment.
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4.5.DISCUSSION

4.5.1. Biases in movement patterns and site figelit

Ranging behaviour of individual Chilean dolphinsdaeale’s dolphins differed
markedly and reflected the species-specific distidm patterns (Chapter 2). Chilean
dolphins exhibited a high degree of site fidelitithm and between summers with
individuals differing in small-scale preference foifew selected bays and channels.
No such clear patterns were discernible for Pealelghins.

Two main possible sources of bias could have adtedhese results: unequal
distribution of sampling effort and heterogeneitysighting probabilities. Although
unequal effort was taken into account in analydissite fidelity, it potentially
introduced bias for those individuals of either dpe that preferred the lesser
surveyed sectors. In the case of Chilean dolpmnSan Pedro/Guamblad, their low
number of sightings precluded a range comparisoth wheir conspecifics in
Yaldad/Coldita. However, comparable small-scalédesxy and site fidelity patterns
were clearly evident in San Pedro/Guamblad. Thigests that site fidelity patterns
could have been detected in other areas of lowegueffort as well, if they had
existed. The general lack of site fidelity in Pé&aldolphins within the study areas
therefore appears to reflect behavioural differemegher than sampling artefacts.

Tracking movements of identifiable individuals wihoto-identification techniques
is subject to well-known biases inherent to martapture studies, most notably
heterogeneity in sighting probabilities, mark losdailure to identify marks correctly
(Hammond 1986). This study used dolphins with sutal very distinctive marks to
obtain a larger and more representative sampladividuals. Subtle marks are less
reliably identified over long time periods whichutd have produced false positives
(i.e. matching individuals when they are differeat)false negatives (i.e. rejecting a
true match), thus biasing range estimation. Howewer differences (or systematic
biases) were discernible when comparing the nurabsightings, alongshore range

or site fidelity of individuals from different martategories for either species.

Sample size (i.e. the number of positional recgelsindividual) is a crucial factor
in the accuracy of home range and core area estiméAndreasseret al. 1993).
Kernel-based estimates are less biased than tnaaitmethods (e.g. minimum convex

polygon), but tend to over-estimate home range aizemall sample sizes (Seaman
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and Powell 1996). Urian (2002) suggested that atl&00 sightings per individual
dolphin were required to obtain unbiased kernel dloanges. Few studies, however,
have access to such detailed long-term data setst $fudies of dolphin home ranges
have therefore used a practical compromise withrammm of 10 to 30 sightings per
individual (Gubbins 2002, Ingram and Rogan 2002yd4 and Bazzalo 2004, Hung
and Jefferson 2004). Estimates of range and c@a sizes for Chilean dolphins are
small compared to most other species (see below)raght be positively biased due
to relatively small sample sizes (20-35 sightings pndividual). The already
emerging pattern of small ranges and core areasicstioerefore only become more
evident as more data become available from ongaimfuture photo-identification
surveys at Chiloé.

4.5.2. Ranging and movement patterns of Chileangtohs

Movement ranges of Chilean dolphins are comparehler slightly smaller than,
those reported for other members of the ge@ephalorhynchusPhoto-identified
Hector’s dolphinsC. hectorihad alongshore ranges of typically 31 km (2.4 &)
maximum distance of 106 km between sightings ofsdm@e individual (Bragest al.
2002). Three satellite-tagged Hector’s dolphinghe same area had a mean home
range radius of around 11 km and maximum displacerdestances of 50-60 km
(Stoneet al. 2004). Five satellite-tagged Heaviside’s dolph@dsheavisidij off South
Africa moved, on average, some 60 km alongshoreugnith 22 km offshore (Elwen
et al.in press). Regular and rapid alongshore movenwrasleast 250 km have been
observed for photo-identified Commerson’s dolphi@scommersoniioff Argentina
(Coscarella 2005). Such habitual larger-scale mevisnbetween more intensely
used areas (patches) have been interpreted tatrédleally abundant resources and
temporal variability in patch quality (e.g. preyadability) (Hooker et al. 2002,
Johnstoret al. 2005).

Habitat characteristics and habitat heterogenaiy kmown to influence ranging
patterns within and between species (Wuedical. 1991, Defran and Weller 1999,
Gubbins 2002). In general, animals within a tropblass in habitats of high
productivity have smaller home ranges than aninmalgbitats of lower productivity
(Harestad and Bunnel 1979). The long-term sitelifigesmall overall ranges (95%
UD) and core areas (50% UD) of photo-identifiedil€n dolphins at southern
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Chiloé suggest that these dolphins find predictarid bountiful resources in this
area. Five individuals were sighted within theiolim summer ranges during winter
and spring of 2004 (Heinrich, unpublished data;iieret al., 2005) providing the

first tentative evidence for year-round residendy ab least part of the local

population.

Small cetaceans in cold water environments, suclkCegshalorhynchugGewalt
1990) and similarly-sized harbour porpoisBsocoena phocoen@gKoopman 1998),
have relatively high daily energy requirements, bate a limited ability to carry
large energy stores. As a result their movemenepet are likely to be closely related
to the distribution of their prey. This appeardespecially true fomature females
that must meet the additional costs of pregnanay lantation through increased
energy intake (Read 2001). Coincidentally, mostl€@im dolphins included in range
estimation were females or presumed females and walges are born during
summer(Chapter 2 Incidental observations suggest that Chilean dofpbould feed
on rébalo Eleginops maclovinys pejerrey Qdontethes sp.and schooling sardines
(Clupea spor Strangomera sp.)Heinrich, pers. observation, Oporto 1987, Cravett
and Medina 1991) during the summer when large aggiens of small fish occur in
the inshore waters of Chiloé and are preyed upothbysands of sea birds, such as
migrating sooty shearwater®yffinus griseus (Chapter 3).Core areas whiclare
thought to contain the most reliable food sourcesewery small (approx. 8 Kjnand
were centred in northern Canal Coldita, east anst whores of Yaldad Bay, and
possibly the narrows of Canal San Pedro. The c@masan Yaldad Bay match those
areas that land-based observations (Ribeiro 20@d) itientified as areas of high
intensity of use where predominantly foraging bedawv occurred. These areas are
characterized by limited depth (< 20 m) and oftaorg tidal currents and eddies
(Heinrich, pers. observation, Wintet al. 1982) which are important features known
to congregate prey (Hasi@e al. 2003, Johnstoat al. 2005).

Occurrence and sighting rates of Chilean dolphifferéd markedly between study
areas, possibly reflecting differences in habitzdlidy, even over small spatial scales
(see also Chapter 2). The overall distribution bfl€n dolphins extends over some
2,500 km of Chilean coast and includes a varietyeoy different habitats, such as the

sheltered bays and channels of Chiloé, the opestdoathe north and a large
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oligotrophic fjord system to the south (Goodall 4p9Ranging and movement
patterns should be expected to differ between @opuls in these habitats and
comparative (latitudinal) studies are needed.

4.5.3. Comparison with Peale’s dolphins

Comparisons between different studies and species oten hampered by
methodological differences, for example photo-idemation studies (Brageet al.
2002, Coscarella 2005, this study) versus sat¢dlgging (Stonet al. 2004, Elweret
al. in press), choice of analytical approaches (iilferént measures of “range”),
sample size effects and different spatial and teaimrales. This study allows for a
direct comparison of movement patterns betweenispend between areas as the
same methodological and analytical approaches uss=é.

In contrast to Chilean dolphins, larger Peale’ptmis had lower re-sighting rates
and ranged more widely throughout the study areas 1io clear pattern of site
fidelity). Although no unambiguous evidence wasndufor movements between
study areas, measured alongshore ranges proballer-tepresent movement
distances and dolphins might have ranged beyontidhadaries of the chosen study
areas. Peale’s dolphins in the Strait of Magellavehbeen reported to travel 70 km in
two hours and one individual was observed at looatiover 300 km apart
(Lescrauwaet 1997). Some individual Peale’s dolphimwever, showed preference
for a few selected areas (this study, Lescrauw86¥)l In the Strait of Magellan,
preferred areas contain large kelp bedsMudcrocystis pyriferawhere Peale’s
dolphins forage for demersal and benthic fish, pgsoand squid (Lescrauwaet 1997,
Schiaviniet al. 1997, Viddi and Lescrauwaet 2005). Comparable ka&lpsts are rare
in the coastal waters of Chiloé, and the diet &l®e dolphins in the archipelago is
unknown. Peale’s dolphins could be foraging forchdy distributed or locally less
abundant prey, and consequently range over lamgasan search for food. A large
proportion of the Peale’s dolphins encounteredhalb€ were seen travelling (~ 37%)
or milling (~ 20%) (Chapter 2) which could refledisplacement over areas of poor

habitat until patches with more suitable resoureeaweached.

Range and core area sizes could not be deternmome®kefle’s dolphins due to their
low number of sightings. Using lack of site fidgliand low re-sighting rates as an

indication for possibly larger overall ranges, theneral rule that the size of an
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animal’s home range is positively correlated withbiody mass (Harestad and Bunnel
1979, Swihartet al. 1988) seems to hold true for sympatric Chilearpdiols and

Peale’s dolphins.

4.5.4. Ranging patterns and population structure

Size and distribution of home ranges are importantponents of social and mating
systems in mammals (Ribble and Stanley 1998). Aflgho ranges overlapped
extensively, pairs of Chilean dolphins with theHhagt range overlap also associated
more frequently (i.e. were encountered in the sgnmap) indicating some social
influence on ranging patterns. A more detailed ysislof association patterns of all
identifiable Chilean dolphins at southern Chiloéggests a fission-fusion society
where most dolphins associate, disassociate asdaeate over time with only some
individuals forming strong social bonds (Christi®08). In small cetaceans with
fission-fusion societies, such strong bonds exishother-infant pairs (Grelliest al.
2003), paired adult males (Owen al. 2002) and some (possibly related) females
(Wells et al. 1987, Duffield and Wells 1991). Female groupingsyrfunction as units
within which to rear offspring (Wellst al. 1987, Smolkeet al. 1992).

Most individuals used in range analysis in thisdgtuvere females or probable
females. This sex bias might be coincidence, refigdiases in gender identification
or behavioural differences between the sexes. Gilkenpotential biases in gender
determination and the comparable ranging and almmgsmovement patterns of the
small sample of males, there is currently no ewedefor differences in ranging
strategies for male and female Chilean dolphinsplecies with promiscuous mating
systems, males tend to range over larger distatiees females as they search for
mating opportunities (Wellet al. 1987, Scottet al. 1990a, Owenret al. 2002).
Females appear to constitute the limiting resouime males whereas food is
considered the limiting resource for females. Femrahges tend to reflect habitat
guality and foraging opportunities (We#s al. 1987, Scotet al. 1990a).

By limiting potential associates, ranging pattehase been shown to influence
social communities in bottlenose dolphins (Well®19Urian 2002, Lusseaet al.
2006). Association patterns (Christie. 2005) andlsstale site fidelity (this study)
suggest that Chilean dolphins at southern Chiloghmiform two distinct

“‘communities”, one centred in Canales San Pedratthled and the other in Yaldad
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Bay/northern Canal Coldita. Low survey effort in faées San Pedro/Guamblad
hampered calculation of ranges and direct compargforange overlap. However,
dolphins identified at San Pedro had some of tighdst rates of site fidelity (this
study), and were never or only rarely observed @id#¥d Bay or Coldita channel
despite much greater survey effort in the latteaar These dolphins also formed a
distinct cluster based on their high pairwise asdmns (Christie 2005).

Extreme site fidelity and limited movements coukstrict gene flow between
populations. Historic reduction in distribution acdntemporary impacts on local
populations, such as fisheries related mortalitgh{ler and Baker 2000) can lead to
gaps in a species’ geographical range and givdaigenetically isolated populations,
population fragmentation and low genetic divergRychleret al. 2001, Parsonet al.
2002). Limited dispersal and movements will furthiestrict opportunities to re-
populate depleted areas or compensate losses froallyl impacted populations
(Taylor 1997). Genetic analysis of the populatibructure of Chilean dolphins is
underway. Preliminary results indicate a low haptdiversity throughout their
range and potential genetic isolation at smallexéC. Olavarria, pers. comm., 2006).
Local reduction in abundance and distribution hasnbhypothesized for Chilean
dolphins and has been attributed to direct take haafgitat alterations (Hucke-Gaete
2000), but current information is at best aneddota

4.5.5. Ranging patterns and conservation implicats

Identifying biologically meaningful units is crutido the implementation and
evaluation of effective conservation actions. Dfadan this study suggest that Chilean
dolphins might not only be highly localized andessipecific, but that populations
might divide into even smaller, spatially definedita akin to “communities” in
bottlenose dolphins (Connet al. 2000, Gubbins 2002, Urian 2002, Lusseaual.
2006). More data and long-term effort are needembtmborate these findings.

Several important management implications can bé&et however, especially

when taking a precautionary approach (Gray and Bedh@96) to conservation:

1. Chilean dolphins in southern and central Chiloéushde considered as separate
populations (or units) for population monitoringgeestimating abundance) and

management.
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2. Potential impacts on, and conservation threatheéalblphins should be evaluated
and, if necessary, mitigated on both populatiom @outhern, central Chiloé), and
“‘community” levels (i.e. San Pedro-Coldita/Yaldad)f particular concern are
those core areas identified in Yaldad Bay, Canaldi@o and Canales San
Pedro/Guamblad which overlap with intense and afhatextensive mariculture
farms for salmon and mussels (Chapter 2). Placeofestiellfish farms have been
shown to impact on the ranging behaviour of femalesiops(Watson-Capps and
Mann 2005) and to exclude them from potentially amipnt habitat. Exclusion
effects from mussel growth lines have also beemestgd forLagenorhynchus
obscurusin New Zealand (Markowitzt al. 2004) and for Chilean dolphins at
Yaldad Bay (Kempeet al. 2003, Ribeiro 2003).

3. Habitat conservation measures need to encompassntive range of the local
population. Areas of low or discontinuous use the&tve as “corridors” between
core areas and between putative “communities” shobé included in
conservation zones along with appropriate bufferescaround the full ranges.

Information on movement patterns has been usedatae the effectiveness of
existing spatially explicit habitat protection maess (Brageet al. 2002, Flores and
Bazzalo 2004, Wilsoet al. 2004) and to suggest the boundaries for new sanetu
(Brageret al. 2002, Hucke-Gaetet al. 2004). Apparently stable ranging patterns can
change over time in response to environmental adsnguch as prey distribution
(Wilson et al. 2004), and due to directed or non-targeting huaivities, such as
dolphin-watching (Lusseaet al. 2006) and mariculture activities (Watson-Capps and
Mann 2005). Continuing to monitor residency andymag of Chilean dolphins could
provide an indirect measure of habitat quality inrapidly changing coastal

environment.

Less frequently sighted Peale’s dolphins indicatenes typical problems for
conservation measures that rely on spatially ddfihabitat protection. For more
mobile species that occupy a large or not wellrdafirange it becomes much harder
to determine patterns from individual behaviourdahen effort limited re-sighting
data. As Peale’s dolphins range over larger atbay, are more likely to encounter
and overlap with a variety of potentially impactihngman activities. In both study

areas, Peale’s dolphins range over areas whicluse@ extensively by mariculture
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(salmon and mussel farming), extraction of shdili@d marine algae from natural
banks, artisanal fishing, shipping, and some ss@le tourism ventures (Anon.
2001, SERNAPESCA 2004). Managing interactions antigating impacts with
possibly synergetic effects at large scales becam@sich more complex issue with
many more stakeholders involved. On the other Remle’s dolphins might be less
affected by localized impacts and their movemeatapensate for local losses.

Although Peale’s dolphins exhibited only limitedahscale site fidelity, they used
some sites in the study area more regularly théerst(see also Chapter 2). The
shoals of southern Isla Cailin and north-westefa Goldita (southern Chiloé) and
Canal Dalcahue (central Chiloé) seem to constitomgortant sites for individual
Peale’s dolphins within their larger geographicaige (see also Chapter 2). Studies
of habitat use in relation to environmental chagastics provided insights into the
factors that could have influenced these movemants site selection (Chapter 3).
Temporal and spatial survey effort should be ex@dnbdeyond the current study to
allow for more detailed information on movement ges. Thus, monitoring the
population of Peale’s dolphins and identifying imjamt features for their survival
requires use of additional surveys and techniques.

Tracking individual animals with satellite-tags tbprovide a more detailed spatial
and temporal resolution of their movement pattefiagging studies have the power
to detect diurnal or seasonal movements of indadgllor movements over much
larger spatial scales (Scaat al. 1990b, Wiursiget al. 1991, Stevicket al. 2002),
including inshore-offshore movements (Wirsigal. 1991, Read and Westgate 1997,
Stoneet al. 2004, Elwenet al. in press). Congeners of both Chilean dolphins and
Peale’s dolphins have been tagged and tracked ssfallg (Wursiget al. 1991, Mate
et al. 1994, Stoneet al. 2004, Elweret al. in press). The new generation of Fastloc
GPS tags (Bryanet al. 2005) promises greater positional accuracy forcigge
inhabiting complex coastal habitat than conventicagellite-tags. Effects of capture,
handling and tagging however need to be carefulgluated with regard to impacts
on the local dolphin population and potential bsage the results (Elweet al. in

press).
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Combining different techniques, such as photo-iieation with dedicated habitat
use and distribution surveys (Chapters 2 and 3)d-lzased observations (Ribeiro
2003) and remote tracking (Stoee al. 2004, Elwenet al. in press) will help to

provide a more holistic insight into dolphin conseion ecology.
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Chapter 5 Estimating population sizes of Chilean ath Peale’s dolphins using

mark-recapture techniques: usefulness for future mnitoring

5.1.ABSTRACT

Crucial to the evaluation of a species’ statuspaieeise estimates of its population
size and an analysis of changes over time (i.adsrén abundance). This study used
mark-recapture methods applied to photo-identificatdata to estimate local
population sizes of Chilean dolphins and Pealelptdos in the nearshore waters of
the Chiloé Archipelago in southern Chile during rf@ustral summers from 2001 to
2004. A total of 57 and 15 naturally marked Childatphins, and 34 and 45 naturally
marked Peale’s dolphins were identified from higlalgy photographs in southern
and central Chiloé, respectively. For Chilean dwlphn southern Chiloé, sufficient
data were available to derive annual estimatesbah@ance by fitting maximum
likelihood models for closed populations to the tca@ histories of marked

individuals (implemented in the software program RA4.

The small number of identifiable individugtsecluded the use of mark-recapture
models for Chilean dolphins in central Chiloé. Heeale’s dolphins, two-sample
Chapman-modified Petersen estimators were appiiethta from consecutive years
to produce annual estimates of abundance. Analysesark-recapture assumptions
suggest that results for Chilean dolphins were sbland that temporary emigration
might have affected estimates for Peale’s dolph&s.estimates were scaled to
account for the proportion of unmarked dolphinseach population. Depending on
data sets and mark types used, mean mark ratesdrdémgn 0.38 (SE= 0.05) to 0.63
(SE= 0.5) for Chilean dolphin, and from 0.25 (SE©9) to 0.46 (SE= 0.08) for
Peale’s dolphin populations. Resulting total estenaof population size were 59
Chilean dolphins (CV= 0.04, 95% CI= 54 — 64) andP#&ale’s dolphins (CV= 0.15,
95% ClI= 65 — 95) in southern Chiloé, and 123 Pealelphins (CV= 0.19, 95% Cl=
97 - 156) in central Chiloé.

Power analysis showed that at least nine yearsimiad survey data were required
for Chilean dolphins to detect a change in abunelai&% assuming the probability
of a Type | error was 0.1. The small and highlyaloeed population of Chilean
dolphins in southern Chiloé appears well suited Hamg-term monitoring and
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evaluation of potential impacts of mariculture aites. Monitoring wider ranging
Peale’s dolphins requires spatial and temporalnsie@ of survey effort and open
population models to be used. Albeit of limited gephic scale, these estimates
represent the first systematic assessment of aboad®r both species throughout
their entire ranges.

5.2.INTRODUCTION

Knowledge of temporal and spatial variation in #ige of animal populations is
important in understanding the processes that dspecies’ population dynamics
(Fowler and Baker 1991). Information on the size @bpulation and its changes over
time is also crucial for developing, implementingidaevaluating appropriate
mangement strategies for exploitation or conseswatburantet al. 1992, Fowler and
Siniff 1992). The latter is of particular interestareas where conflicts arise between
human activities and the target species. Throughmutvorld, coastal environments
have increasingly become subject to anthropogamjgact. Human activities can
affect cetaceans inhabiting nearshore waters bpagating through the food web
(e.g. changes in prey availability, contamination)by exerting direct pressures on
the populations (e.g. harvest, incidental mortalityfishing gear) (Whiteheadt al.
2000).

The sheltered waters of southern Chile, especaiyind the Chiloé Archipelago
(42-43°S), have seen dramatic increases in th@gapbn of the marine environment
and changes to the nearshore habitat over thedéxstdes. Mariculture farms (for
salmon and mussels) have been expanding rapidiynmber, size and sites since the
early 1990s (Bushmaret al. 1996, SERNAPESCA 1997, Claude and Oporto 2000).
In addition, gillnet fisheries and extraction of nn& invertebrates are important
ongoing activities (SERNAPESCA 2004) along with thereasing development of

coastal and marine tourism ventures.

The inshore waters of southern Chile are home weraé mostly poorly known,
small cetacean species, including the endemic &hiléolphin, Cephalorhynchus
eutropia and the larger Peale’s dolphiragenorhyhnchus australig\guayo-Loboet
al. 1998). Some evidence suggests that past and posaidping human exploitation
has impacted both species directly, at least oallecales (Goodall and Cameron
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1980, Goodall 2002). During the 1990’'s, concern wapressed over potentially
unsustainable mortality levels of these dolphinatéd for bait in the southern crab
fisheries (Cardenast al. 1987, Lescrauwaet and Gibbons 1994) and taken
incidentally in coastal gillnet fisheries (OportodaBrieva 1990, Reyes and Oporto
1994). More recently, habitat alterations and iasesl mariculture activities have
been suspected to be affecting dolphin populati@tsude and Oporto 2000, Hucke-
Gaete 2000). Information on pre-exploitation andrent population sizes, however,
is not available for any part of their distributednranges (Goodalét al. 1988,
Brownell et al. 1999). Thus, effects of potential impacts on papahs of Chilean
dolphins and Peale’s dolphins cannot be evaluatedorasent. A systematic
assessment of abundance is required to determipalgtmn status and develop
appropriate management strategies at regional ataal levels to ensure continued
occupancy of both species (Reeeesal. 2003).

The abundance of cetaceans can be estimated ustagak sampling techniques,
such as line-transect surveys, or mark-recaptuthods (e.g. Evans and Hammond
2004). Underlying assumptions, advantages andditmis of both techniques are
discussed in detail elsewhere (Hammond 1986, Bosabie al. 2002). Choice of
technique is driven by financial, logistic, and poral restrictions, the characteristics
of the target species and the research questiorise taddressed. Mark-recapture
surveys usually require only a fraction of the fin&l, technical and human resources
needed for dedicated line-transect surveys.

Mark-recapture techniques estimate the number eftifiable individuals in a
spatially defined population and require repeatveys to sample individuals
representatively. They provide reliable estimatésabundance for populations
comprising tens to hundreds of animals of whiclgh Iproportion can be individually
identified and which occur in readily accessiblbitet (Borcherst al. 2002), such as
coastal populations of dolphins (Wilsaet al. 1999). Mark-recapture studies are
usually limited in spatial extent (but see Stewatlal. 2003), and a set of assumptions
about the population under investigation needs dontet (Hammond 1986). The
concept of population refers to identifiable anisnaking the designated study area
over the length of the study period. Individualseafdiffer in their availability for

identification due to differences in temporal oatgl distribution or behaviour (Otis
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et al. 1978). Such heterogeneity of capture probabilitesm lead to an under-
estimation of population size and is often difficid model (Hammond 1986, Pollock
et al. 1990).

Mark-recapture studies rely on the ability to reljaidentify individual animals and
can often provide ancillary information on movensentife-history and vital
population parameters (Hammoetlal. 1990). Traditionally, they involved capturing
and artificially marking animals during encountecasions. In cetaceans (and across
a wide range of taxa spanning terrestrial and reanmammals, amphibians and
fishes), natural markings are commonly used totifiemdividuals (see Hammoneit
al. 1990 for a detailed review for marine mammals)e Phocess of “marking” and
“recapturing” entails identifying individuals fromsuitable photographs taken of the
distinctive features during an encounter. Theset@luentification techniques and
mark-recapture methods have been used extensivedgtimate population sizes of
coastal dolphins, e.g.ursiops sp(Williams et al. 1993, Wilsoret al. 1999, Chilvers
and Corkeron 2003, Read al. 2003),C. hectori(Brager 1998, Gormlegt al. 2005),

C. commersoni{Coscarella 2005).

This study applied photo-identification techniquesl mark-recapture methods for
the first time to Chilean dolphins and Peale’s talp. Objectives were to assess the
suitability of these techniques to obtain estimatesbundance for the two species, to
estimate local population sizes in the central ssuthern Chiloé Archipelago and to
develop recommendations for future monitoring wortlkhe Chiloé Archipelago
offered an ideal combination of feasible logistikspwn occurrence of both species
(Chapter 2, Goodakt al. 1998) and urgent needs for population assessduento
existing conservation concerns (Claude and Opofi602 Reeveset al. 2003).
Surveys designed for mark-recapture analysis atlowalditional biological
information to be obtained (see Chapter 4), coudd conducted from a small,
inexpensive boat and were most suited to the compdastline and the shallow

coastal waters.
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Dalcahue

Figure 5-1 The study areas in the central and southern €hHechipelago in
southern Chile with distribution of groups of iddéable Chilean
dolphins (red triangles) and Peale’'s dolphins ¢@yellcircles) during
photo-ID surveys (2001-2004).
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5.3.METHODS

5.3.1. Data collection

Photo-identification surveys were conducted inrtbarshore waters of the southern
and central Chiloé Archipelago during four to fim@nths each year from January
2001 to April 2004, spanning four austral summ@tsleast five days were required
to complete a full survey of each of the study ar@agure 5-1). Logistic restrictions
limited effort in the central study area to thredl Surveys per year from 2002 to
2004.

Surveys were restricted to clear and calm conditiBeaufort sea state three or
less). Two to three observers scanned ahead ar@D%ocof the trackline while
travelling at constant speed of approximately 106t&knn a 3.8 m outboard-powered
boat. In 2001 transects paralleled the coast atoappately 400 m distance. From
2002 to 2004 alongshore transects as well as ramddmzig-zag transects covering
the entire study area were used (see Chapter I)cu@@nt investigations into
distribution and habitat use patterns showed tb#t bpecies concentrated within 800
m from shore. Alongshore and zig-zag transect $grveere designed to provide full
coverage of this preferred nearshore habitat. Sumvethods should not have biased
encounter probability or photographic effort.

When dolphins were sighted, time, geographicaltmes{using a handheld Garmin
GPS), estimates of group size, presence of caneésaonates, initial behaviour of
the dolphins and a suite of environmental cond#iovere recorded. A neonate
showed clear foetal fold marks, was seen in cohstasociation with an adult and
was of less than 1/30of adult length. A calf was slightly larger and fmger had
visible fold marks.

The sighted group was approached to obtain phgtbgraf the dorsal fins of as
many dolphins as possible, irrespective of theirkings. An encounter lasted until
all dolphins had been photographed, they movedobwight or survey conditions
precluded further photographic work. A group wadindel as an aggregation of
dolphins within 100 m of one another, engaged milar activities and, if moving,
heading in the same direction. In 2001 and 2002qgraphs were taken using a 35
mm auto-focus camera (Nikon N90) equipped with 80-Znm or 80-400 mm
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vibration-reduced zoom lenses on black and whikwdak TMAX 400) and slide
(Kodak Ectachrome 100 or 200) films. From Janud@i§32onwards, a digital SLR
camera (Fuji Finepix S2) with the same lenses vgas .uDigital photos were stored as
highest quality jpg-files with an output of 4256xX83pixels (approximately 4.3 MB)

per image.

5.3.2. Photo-identification analysis

Photographs were classified into four quality geadeQ 1-4, poor to excellent)
according to focus, angle and visibility of the ,ficontrast between fin and
background, and size of the fin in relation to gi®to-frame. Only photographs of
good to excellent quality (PQ 3-4) were includedha analyses presented here.

Distincitiveness of individual marks has been shoten influence individual
recognition (Fridayet al. 2000, Gowans and Whitehead 2001, Readl. 2003).
Individuals were assigned a distinctiveness ratifigD 0-3, unmarked to very
distinctive) based on the type of marks visiblglmn fin. Dolphin fins with deep nicks
and cuts at the trailing edge (evident even in gpaility photographs) were scored as
MD 3. Fins with several smaller but still obviousks such as distinct notches were
scored as MD 2. Subtle or small notches were scasedMD 1. Fins with no
distinctive markings were rated MD 0 and were ardgd to calculate mark rates (see
below).

Black and white prints and slides of sufficient lifyawere scanned at high
resolution and stored as tif-files on computer. éstom-written database called
FINBASE" (based on MS Access 2002 with Visual Basics foplisptions) was used
to archive and match digitised and digital imaglesi@g with information from each
survey and sighting. The FINBASE identification alague was organized by mark
types based on user-specified categories. It did peoform automated matching
procedures based on shape extracting algorithmsaphet al. 2000). In FINBASE
new candidate images were compared to a selectiinsowith similar mark types

based on criteria specified by the user. All cheioématches were made by the user

! The FINBASE software used in this study was adhfiten a prototype published by J. Adaetsl in
September 2004, Living Marine Resources Branch@GEBBR, NOAA, USA; available at:
http://www.chbr.noaa.gov/FinBase/.
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(in this case the author). If a match was foundato individual already in the
catalogue, the new image received a tentative atgocto the known individual. If
no match was made, the individual was given a réemtification number and was

added to the existing catalogue.

All initial classifications as either matches omngns were made by the author and
were confirmed in independent secondary matchinginmes. Two to five observers
experienced in photo-identification techniques wask&ed to check matches where
identification proved difficult. Separate databasesre maintaned for Chilean
dolphins (FINBASEeutropig and for Peale’s dolphins (FINBAS#ustralis.

The photo-identification protocol is described mea@ter detail in Appendices I+,
including information on sorting, grading, archigiand matching procedures as well

as structure and maintenance of the FINBASE daggbas

5.3.3. Estimating population size of marked animals

Established mark-recapture estimators that assutagwgraphic closure between
sampling occasions were fitted to the capture hefoof marked animals. Each
identified dolphin was classed as either seen ¢rseen during a sampling period
irrespective of the number of sightings of thisiwdual. The two-sample Chapman-
modified Petersen estimator (Chapman 1951) waseappd sighting data obtained
for consecutive years. Population siXevas estimated as:

N = (n, +D(n, +1) 1

(m, +1

where

n, = number of animals identified in the first year

n,= number of animals identified in the second year

m, = the number of animals identified in both years.

The variance of this estimate is calculated as

(nl +1)(n2 +1)(n1 — mz)(nz — mz) 2
(m, +1)*(m, +2) '

var(N) =

Sequential Chapman estimates were calculated selyafar the two study areas
over pairs of years: for Peale’s dolphins in cdn@hiloé from 2002 to 2003, for
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Peale’s dolphins in southern Chiloé from 2001 t@£2@nd for Chilean dolphins in
southern Chiloé from 2001 to 2004.

Sufficient data were available to derive independstimates of population size for
Chilean dolphins in southern Chiloé within eachryfeam 2001 to 2004 using model-
building procedures. Full closed capture model witterogeneity were constructed
in the program MARK ver.4.2 (White 2004). Model®®aled capture probabilities to
be constant, vary by time, include heterogeneity arcombination of variation by
time and heterogeneity. These models were simdathbse implemented in the
program CAPTURE as models MO, Mt, Mh and Mth (CGgisal. 1978). Unlike
CAPTURE, where heterogeneity is modelled for ingdinals, MARK implements
Pledger’'s (2000) approach to model heterogeneitya amixture of groups with
different capture probabilities. In this study, drelgeneity was included as a mixture
of two groups (i.e. low and high capture probaieij.

Choosing the best model required two steps: detemgnhow well the models fitted
the data and then selecting the best model. Gosdariegt (GOF) tests are commonly
used to evaluate model fit but are currently natilable for closed capture models
with heterogeneity (Stanley and Burnham 1998, WH#@04). The program
CAPTURE offers GOF tests for the simple term modédisand Mh and was used to
assess how well these models explained the variaidhe capture history matrix
(Otis et al. 1978). Model fit was also evaluated in MARK byaadating the variance
inflation factor (c-hat) for the saturated (stag)irmodel, consisting of two mixtures
and time dependence of capture probabilities.

The strength of using MARK is that the models fromis et al. (1978) are placed in
a likelihood framework allowing model-selection pedlures and model averaging to
be used (Whitet al. 2001). Akaike’s Information Criteria corrected &mall sample
size (AICc) and, when over-dispersion existed endhta (c-hat > 1), quasi-likelihood
adjusted AICc (QAICc) were used to select the np@ssimonious model (Hurvich
and Tsai 1989, Whitet al. 2001).

5.3.4. Meeting assumptions of mark-recapture arsdy
Mark-recapture analyses make explicit assumptiobsuta the nature of the
population under investigation and the way it isngked. Violations of these
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assumptions can result in biased estimates. Soareesoof biases can be reduced by
appropriate sampling design and careful selectiophotographic data (Hammond
1986). Mark-recapture analyses commonly assumeldhatarks are recognized with
certainty if the animal is re-captured, 2) marke aot lost during the study, 3)
animals do not respond to being marked in a way #ffects their subsequent
probability of re-capture (i.e. behavioural respEs)s and 4) within a sampling
occasion all individuals have the same probabditgapture (i.e. no heterogeneity of
capture probabilities) (Hammond 1986, Poll@tkal. 1990).

To reduce biases mark recognitiononly data from high-quality photographs (PQ
3-4) were used in analyses. To investigate thauemite of mark distinctiveness,
estimates were calculated from different subsetdaté including individuals with
obvious and distinctive marks (MD 2-3) and all m&yges (MD 1-3). Subtle marks
(MD 1) were more likely to be missed and could pesly bias the resulting
estimates. Including subtly marked individuals lre tanalysis, however, increased
sample sizes, thus reducing variances and smafilebias.

Mark lossis difficult to measure in the field without doebinarking individuals
(Gowans and Whitehead 2001, Stewtlal. 2001). Most mark-recapture studies with
cetaceans have restricted analyses to mark tydevdxuk to be permanent, such as
dorsal fin nicks, unusual fin shapes and deformitjeockyer and Morris 1990,
Slootenet al. 1992, Wilsonet al. 1999). This study used the same mark criteria (i.e
termed MD 2-3 marks), but also investigated thea# of including subtler marks
(MD 1) in some data sets.

Behavioural responset the process of being marked are unlikely touoda
photo-identification studies where the animals o physically handled (Wilsoat
al. 1999). Capture and recapture probabilities theeefcere considered equal.

Heterogeneity of capture probabilitieis a well-known and potentially serious
problem in mark-recapture studies leading to neghtibiased estimates (Hammond
1990, Pollocket al. 1990). The study areas were surveyed completalingleach
sampling period to reduce heterogeneity resultimnf individual preference for
particular sites. The field protocol required atewaipt to photograph all dolphins in
the group to reduce heterogeneity resulting froomesandividuals being easier to
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photograph than others. It is unlikely, howeveatfthis ideal was achieved with each
species during all sampling periods. Where possibledels were investigated that
allowed the assumption of equal catchability ofivitbials to be relaxed. Capture
probabilities also depended on the ability to f@iarecognise individuals from

photographs during the matching process. The usmlgfhigh-quality photographs

and combinations of mark distinctiveness allowetktogeneity resulting from some
animals being easier to recognise than others smleessed.

Closed population mark-recapture analyses assuatebttths, deaths, emigration
and immigration do not occur during the studyerfiographicand geographic
closurg. Open population models allow these assumptiansbe relaxed but
invariably provide less precise estimates of abnodand do not allow heterogeneity
to be accounted for (Polloak al. 1990). Estimates of population sizes were obtained
separately for each species in the southern andratestudy areas, assuming
geographic closureof populations in each area. Discovery curves l{gvis et al.
1993), the cumulative rate of discovery of new wdlials, were plotted for each

species to evaluate population closure.

Demographic closurean be assumed when the whole set of sampling ioosais
sufficiently close in time, e.g. days or weeks apas was the case for Chilean
dolphins. Neonate and calves were easily recogleisabthe field and were not
included in the analyses. Some unnoticed recruitnoérnyoung animals into the
marked population might have occurred between dnsaapling periods (e.g. in
Peale’s dolphins). Crude birth rates were calcdlatbenever possible as a proxy for
recruitment to the marked population to providelative magnitude of this potential
bias. Crude birth rates were estimated from thamim count of individual neonates

observed each year divided by the estimated tofallation size.

5.3.5. Estimating total population size

Mark-recapture estimates pertain to the numberarked animals in the population
and need to be scaled by mark rate (i.e. propodfomarked animals) to provide an
estimate of total population size. Dolphin finsrev@hotographed at random without
bias towards marked animals. Assuming that unmagketl marked dolphins had
equal probability of photographic capture, theaaif marked to unmarked fins in

each focal group provided an unbiased estimateaok mated :
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Zk: I
é i=1 T| 3
k
with the variance expressed as

var(@) ZH a- H)J/kz 4,

where
Is the number of photographs of dolphin fins witarks in group,

T. is the total number of photographs taken of daidims in group,

k is the number of groups photographed.

Each mark-recapture estimate of the number of ndaakemals N) was scaled by

the corresponding mark rat@][ of the population to derive total population size

(Wilsonet al. 1999):

- N
NTotaI :5 S
with the variance estimated as
~ var(N) 1-6
var(N N2 6.
( Total) Total( N 2 nH J

wheren is the total number of dolphin fins from whidhwas estimated.

The coefficient of variation for the total poputai size CV(N,,, ) can be

expressed a8Vsof N and4:

CV(Nyo) =4 (CV(N))? +(CV(8))’ 7.

Burnhamet al. (1987) recommend log-normal confidence intervalbé¢ used with
abundance estimates, as standard confidence ilsteraa result in an unrealistic

lower limit of zero. Log-normal confidence intervaise a lower limit of N, = N/r

and an upper limit oNU =N*r . For 95% confidence intervalsjs given as:

r= exp{lga\/ In(1+ (CV(Nmal))z)} 8.
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where (+(CV(N,,))?) is an approximation of v@in N, .)

5.3.6. Monitoring trends in population size

The statistical power to detect changes in populatipe from annual estimates was
investigated using Gerrodette's (1987) general inétyuequation:

r’n®212cv¥(z,,, + z,)° 9.

wherer is the annual rate of population changes the number of estimates of
population size,cV? is the squared coefficient of variation of estiethttotal

population size,z,, is the one-tailed probability of making a Typeriog, and z; is

the probability of making a Type Il error. The pabidity of making a Type | or I
error was set at the 0.10 level (see Wilsbal.1999).
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5.4.RESULTS

The number of Chilean dolphins and Peale’s dolpkinsountered and identified
differed markedly between study areas (Tablesd&nad.5-2.). Overall encounter rates,
the number of identifiable individuals and theisighting rates determined the choice

of mark-recapture analysis.

5.4.1. Chilean dolphins

In total, 1,995 images of Chilean dolphins weresaofficiently high quality for
analyses (31% of total images taken). From the3e,nBlividual dolphins were
identified in southern Chiloé with 17 individualsdring subtle, 29 bearing obvious
and 11 bearing very distinctive marks. In contrastentral Chilo€é, only 15 dolphins
were identified, of which eight individuals had sebthree had obvious and four had
very distinctive marks. Due to the low number ofagnisable individuals, mark—
recapture analysis could not be performed for @hildolphins in central Chiloé. A
crude minimum estimate of abundance was obtainedsdafing the number of
dolphins identified each year (Table 5-1) by obedrmark rate. Mean mark rate of
this population was 0.49 (CV = 0.19) using all m&ykges (MD 1-3). The resulting
minimum estimate suggested that on average at18adblphins (CV = 0.22; 95% ClI

10-16) used the waters of central Chiloé in anggisurvey year.

Survey effort focussed on southern Chiloé and piexvia sufficient number of
complete surveys each year to estimate populatibe gsing a model selection
approach. Each year was divided into five to seeroounter occasions based on
complete coverage of the study area. Discoveryesulevelled off towards the end of
each year’s sampling period indicating that mostke animals had been identified
by then (Figure 5-2).

Models selected for their lowest AYQAIC. usually included time-dependence of
capture probabilities and heterogeneity (exceptttier2004 models; Table 5-3). All
estimates were close to the observed number of edagkimals. Average capture
probabilities for individuals with MD 2-3 marks wehigh: 0.4 (SE= 0.07) in 2001,
0.35 (SE=0.10) in 2002; 0.37 (SE=0.11) in 2001t @.48 (SE= 0.05) in 2004.
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Table 5-1. Survey effort and number of individual Chileanplohs with small (MD
1), obvious (MD 2) and very distinctive (MD 3) markientified in Chiloé.

Year Study No. of No. of No. of dolphins Numbef identified individuals
area  surveydays groups per surveyday MD1 MD 2D 3 Total
2001 South 44 110 15 8 12 7 27
Central - - - - - - -
2002 South 40 67 12 11 15 6 32
Central 13 10 3 3 2 1 6
2003 South 40 90 13 15 21 7 43
Central 17 9 3 2 0 3 5
2004 South 31 75 16 17 15 6 38
Central 11 8 4 6 1 1 8

Table 5-2. Survey effort and number of individual Peale’spdohs with small (MD
1), obvious (MD 2) and very distinctive (MD 3) markientified in Chiloé.

Year Study No. of No. of No. of dolphins Numbef identified individuals
area  surveydays groups persurveyday MD1 MDMD3 Total
2001 South 44 30 2 3 1 8 12
Central - - - - - - -
2002 South 40 33 3 4 2 8 14
Central 13 23 13 4 7 6 17
2003 South 40 32 3 9 4 13 26
Central 17 51 16 15 12 10 37
2004 South 31 19 3 5 2 3 10
Central 11 20 8 7 6 6 19
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Figure 5-2 Number of individuals identified at each encountecasion and
discovery curves of Chilean dolphins in southernlgghfrom 2001 to
2004. Numbers in brackets give the total number irafividuals
identified for each subset of mark types.
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Estimates from the best models (Table 5-3) were soaled by corresponding mark
rates (Table 5-4). Mark rates differed significgriietween years when all mark types
(MD 1-3) were included (Kruskal-Wallis test, H= &,5df= 3, p= 0.036). Mark rates
were not significantly different between years (8kal-Wallis test, H=5.19, df=3, p=

0.158) when only obvious and very distinctive mai{® 2-3) were considered.

The use of different photographic media might haffected mark classification and
recognition, especially of MD 1 type marks. Photqgrs were taken on black-and-
white print film in 2001, colour slide and printlfi in 2001 and 2002, and
occasionally in 2003 and 2004; and predominantgjtali photographs in 2003 and
2004. Grading of photographic quality of images dad differ between these media
(Kruskal-Wallis Test, H= 1.41, df= 2, p= 0.5). Net were distinctiveness ratings
affected by type of media (Kruskal-Wallis test, B31, df= 2, p= 0.32).

Estimates of total population size did not diffegnséficantly between data sets
(Figure 5-3). Abundance estimates derived fromNt 2-3 data set ranged from a
high of 72 dolphins (CV= 0.15) in 2002 to a low5H dolphins (CV= 0.06) in 2004
(Table 5-5). The simple mean of the four annuaihedes was 63 Chilean dolphins
(CV=0.13; 95% CI= 50 — 82). The inverse CV-squaneghted mean of the four
annual estimates was 59 dolphins (CV= 0.04: 95%5%2I= 64).

For comparison, population size in southern Chileés also estimated using
sequential Chapman-modified Petersen estimatorsl¢T®6). Once scaled by mark
rates, total population size estimates were shghtlit not significantly, higher than
those derived from the MARK models (Figure 5-3).eThlmverse CV-squared-
weighted mean of the three estimates (for MD 2-3ksj)awas 73 dolphins (CV =
0.04: 95% CI= 70 - 77).
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Table 5-3 Within year estimates of the number of markedl&€am dolphins in
southern Chiloé were derived in MARK using full séml capture models.

Notes: p(constant) = model where capture probghbgdiconstant;
p(time) = model where capture probability vaoesr time;
p(time)(heterog.)= model where capture probabilayies over time and
allows for heterogeneity.

a) Estimates for individuals with obvious and vdristinctive marks (MD 2-3)

Vear No.of marked —Encounter MARK No. of N SE cv 95% Cl
dolphins(MD 2-3) occasions  best model  parameters (N) (N)
2001 19 5 p(time)(heterog.) 7 20 1.4 0.07 19 - 27
2002 21 5 p(time)(heterog.) 9 22 1.7 0.08 21-31
2003 28 7 p(time)(heterog.) 14 32 3.8 0.12 28 - 47
2004 21 5 p(constant) 2 21 1.1 0.05 19 - 23
b) Estimates for individuals with all mark typedd 1-3)
No. of marked  Encounter MARK No. of - SE CV 0

Year dolphins(MD 1-3) occasions best model parameters N ( N ) ( N ) 95% Cl
2001 27 5 p(time)(heterog.) 9 31 54 0.17 28-56
2002 32 5 p(time) 6 39 4.1 0.11 34-52
2003 43 7 p(time)(heterog.) 14 49 4.5 0.09 45-65
2004 38 5 p(constant) 2 39 1.5 0.04 38-46

Table 5-4 Estimated proportion of Chilean dolphins in $wmuh Chiloé possessing

marks. Marks were defined as subtle (MD 1), obvifu® 2) and very
distinctive (MD 3).

@ = estimated proportion of dolphins with markshe population;
SE = standard error.

Year No.ofimages & (MD1-3) SE@)(M1-3) & (MD2-3) SE@) (MD 2-3)

2001 446 0.55 0.05 0.34
2002 430 0.54 0.06 0.33
2003 698 0.69 0.04 0.43
2004 788 0.74 0.04 0.42

0.05
0.06
0.04
0.04
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Table 5-5 Total population size of Chilean dolphins in dwrh Chiloé (scaled
estimates from Tables 5-3 and 5-4) and crude arbithlrates.

a) Estimates for individuals with obvious or veigtahctive marks (MD 2-3)

Year NTtI CV(NTtI) 95% ClI Minimum numtker Crude annual

of neonates birth rate
2001 59 0.16 43 - 80 3 5.1%
2002 67 0.19 46 - 96 6 8.9 %
2003 74 0.16 55-101 6 8.1 %
2004 50 0.11 40 - 62 6 12.0%

b) Estimates for individuals with all mark typedd 1-3)

Year N, CV(N,,) 95%CI Minimumnumber Crude annual

of neonates birth rate
2001 56 0.19 39-82 3 5.4 %
2002 72 0.15 54 - 96 6 8.3 %
2003 71 0.11 57 - 88 6 8.5%
2004 53 0.06 47 - 60 6 11.3 %

Table 5-6. Estimates of the number of marked Chilean doplirnsouthern Chiloé
with obvious or very distinctive marks (MD 2-3) amdth all mark types
(MD 1-3) derived from sequential Chapman-modifieddPsen estimators.

L\C’SS(S Years A N My N SE(N) CV(N) 95% ClI
MD 2-3  2001-02 19 21 15 27 1.6 0.06 25-29
MD 2-3  2002-03 21 28 20 29 0.7 0.02 28 - 30
MD 2-3  2003-04 28 21 19 31 1.2 0.04 29 - 32
MD 1-3 2001-02 27 32 20 43 2.8 0.07 40 - 47
MD 1-3 2002-03 32 43 30 46 1.1 0.02 44 - 47
MD 1-3 2003-04 43 38 32 51 1.7 0.03 49 - 53
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a) Scaled estimates from best models in MARK
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Figure 5-3. Estimates of total population size of Chileanpdhiis in southern Chiloé
calculated from different subsets of marked indnals. Error bars
represent log-normal 95% confidence limits.
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5.4.2. Peale’s dolphins

For Peale’s dolphins, 1,262 images (38% of totages taken) were of sufficiently
high quality for analyses. From these, 34 individRaale’'s dolphins were identified
in southern Chiloé, of which 12 individuals had #ebseven had obvious and 15 had
very distinctive marks. Despite less survey effaripre Peale’s dolphins were
identified in central Chiloé. A total of 45 indiwidls were recognized with 16 bearing

subtle, 14 bearing obvious and 15 bearing distiectnarks.

Although identified Peale’s dolphins were seen atpély within a year, sighting
rates of individuals in southern Chiloé were tow ko allow the same model building
process that was applied to Chilean dolphins. Effocentral Chiloé was limited to
three full surveys (i.e. encounter occasions) parywhich also precluded a model-
fitting approach (Table 5-2). Sightings of indivals were pooled for each year to
provide sufficiently large sample sizes. Sequer@ibhpman estimators were applied
to sighting histories for consecutive pairs of yweéfable 5-7). Discovery curves
showed that the number of identified individualsreased markedly in 2003 (Figure
5-4).

Estimates were scaled by corresponding mark ratsged over consecutive years
(Table 5-8). Mark rates did not differ significantbetween years for the Peale’s
dolphin population in central Chiloé (Kruskal-Walliests: H= 2.37, df= 2, p= 0.305
for MD 2-3; H= 3.33, df= 2, p= 0.19 for MD 1-3). lsouthern Chiloé, mark rates
varied significantly between years only when lesarkad animals were included
(Kruskal-Wallis tests: H= 12.23, df= 3, p= 0.007 D 1-3; and H= 4.64, df= 3, p=
0.2 for MD 2-3).

Estimates of the total population size did notadiféignificantly between years or
between data sets incorporating different marksyégure 5-5). The total number of
Peale’s dolphins in southern Chiloé estimated ftbenMD 2-3 data set ranged from a
low of 67 dolphins (CV= 0.22) in 2001-2002 to alhnigf 91 dolphins (CV= 0.21) in
2002-03 (Figure 5-5, Table 5-9). Estimates for @nChiloé were higher, but not
significantly so, given the wide and overlapping®5confidence intervals for
estimates from the two study areas. The total nurobéeale’s dolphins in central
Chiloé estimated from the MD 2-3 data set variennfra low of 122 dolphins (CV=
0.19) in 2002-03 to a high of 149 dolphins (CV=5).ih 2003-04 (Figure 5-5). The
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inverse CV-squared-weighted mean of these estimedss/8 Peale’s dolphins (CV =
0.15; 95% Cl= 65 — 95) in southern Chiloé, and P23le’s dolphins (CV= 0.19; 95%
Cl= 97 - 156) in central Chiloé.

Excluding the year 2003 from the data set and tatitlg the Chapman estimator
between the years 2002 and 2004, produced slightly,not significantly, lower
estimates of total population size: 55 dolphins €C¥.24; 95% CI= 41 - 75) in
southern Chiloé, and 126 dolphins (CV= 0.30; 95% 86 - 185) in central Chiloé.

a ) southern Chiloé
(7]
4_0,,

35+
30+
25+
20 +
15+

10+ !
ol l i
o | | |

2001 2002 2003 2004

Number of individuals

b ) central Chiloé

Number of individuals

2003 2004
Year

Figure 5-4. Number of individuals identified each year andcdigery curves of
Peale’s dolphins in southern (a) and central (b)loéhfrom 2001 to
2004. Numbers in brackets give the total number irafividuals
identified for each subset of mark types.
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Table 5-7. Estimates of the number of marked Peale’s dofpmnsouthern (a) and

central (b) Chiloé with obvious or very distinctimearks (MD 2-3) and
with all mark types (MD 1-3) derived from sequehti@hapman-
modified Petersen estimators.

a) southern Chiloé

xg;ks Years n N my N SE(N) CV(N) 95% Cl
MD 2-3  2001-02 9 10 6 15 1.8 0.12 13-17
MD 2-3  2002-03 10 17 7 24 3.2 0.14 20 - 28
MD 2-3  2003-04 17 5 3 26 6.1 0.24 19 -35
MD 1-3  2001-02 12 14 7 23 3.4 0.15 19 - 28
MD 1-3  2002-03 14 26 9 40 5.6 0.14 33 -47
MD 1-3  2003-04 26 10 7 36 5.4 0.15 30 -44

b) central Chiloé

Mark o ~ — A

types Years Ny o n, np N SE(N) CV(N) 95%CI
MD 2-3  2002-03 13 22 11 26 1.9 0.08 23 - 28
MD 2-3  2003-04 22 12 6 42 8.6 0.21 32-54
MD 1-3  2002-03 17 37 14 45 3.6 0.08 40 - 50
MD 1-3  2003-04 37 12 6 70 15.3 0.22 53-92
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Table 5-8 Estimated proportion of Peale’s dolphins in $ewt (a) and central (b)
Chiloé possessing marks. Marks were defined ades(ii#D 1), obvious
(MD 2) and very distinctive (MD 3).

@ = estimated proportion of dolphins with markshe population;
SE = standard error.

a) southern Chiloé

Year No.ofimages & (MD1-3) SE@)(M1-3) & (MD2-3) SE@) (MD 2-3)

2001 97 0.24 0.06 0.13 0.05
2002 121 0.44 0.09 0.32 0.08
2003 257 0.61 0.07 0.26 0.07
2004 79 0.55 0.09 0.33 0.10

b) central Chiloé

Year No.ofimages & (MD1-3) SE@)(M1-3) & (MD2-3) SE@) (MD 2-3)

2001 - - - - -

2002 197 0.33 0.07 0.21 0.07
2003 388 0.51 0.05 0.24 0.05
2004 123 0.63 0.14 0.39 0.10
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Table 5-9 Total population size of Peale’s dolphins (scastimates from sequential
Chapman-modified Petersen estimators, using maskstyD 2-3) and
crude annual birth rates.

a) southern Chiloé

Year N, CV(N,,) 95%cCl Minimumnumber Crude annual
of neonates birth rate

2001 2

2002 67 0.22 51 - 88 3 4.5 %

2003 91 0.21 70 - 119 2 2.2 %

2004 90 0.31 61 - 133 3 3.3%

b) central Chiloé

Year N, CV(N,,) 95%cCl Minimumnumber Crude annual
of neonates birth rate

2002 2

2003 112 0.19 89 - 143 2 1.8 %

2004 149 0.25 108 - 205 1 0.7 %
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a ) southern Chiloé
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Figure 5-5. Estimates of total population size of Peale’sptiois in southern (a) and
central (b) Chiloé calculated from different sulssef marked individuals.
Error bars represent log-normal 95% confidencetéimi
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5.4.3. Monitoring trends

Statistical power was too low (p< 0.3) to detecy diologically plausible trend
(<20%) in abundance across the four annual estsmatdotal population size for
Chilean dolphins. The time to detection of a paittic trend in abundance is a
function of the actual rate of change and the gieniof the abundance estimates
(Figure 5-6). The length of time required to detad¢tend in abundance decreases as
the rate of change increases. Time to detectioa toénd also decreases as precision
of the abundance estimates increases, particudarlyhen rates of change are small.
Assuming annual estimates of abundance with a gicetiof 13% (CV= 0.13), it
would take around 9 years to detect a 5% per anpopulation decrease with
reasonable statistical power (p> 0.9). During ttuae the population would have
declined by about 34% of its original size. If alance estimates were obtained
every two years instead, the time to detection @ontrease to 11 years, at which

time the population would have declined to abob4fs its original size.

Time to detection (y

0O 2 4 6 8 10 12 14 16 18 20
Rate of population change (%0

Figure 5-6. Relationship between four observed levels of isien of population
estimates for Chilean dolphins, rate of populatitvange and the time
until detection of such change. The probabilityTgpe | and Il errors
was set at 0.10.
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5.5.DISCUSSION

Occurrence of Chilean dolphins and Peale’s dolphinShiloé has been reported in
published records since the late 1960s and 198jsectvely (Goodalet al. 1988,
Oporto and Gavilan 1990). The first estimates afrelance for each species obtained

in this study suggest that local populations arg genall.

5.5.1. Heterogeneity of capture probabilities

At least for Chilean dolphins, heterogeneity wasient from the models selected in
MARK and most likely arose from different behavioaf dolphins towards the
research boat. Unlike Peale’s dolphins and othéphiteds (Goodallet al. 1997a,
Wirsig 2002), Chilean dolphins tend to avoid bo@@sovetto and Medina 1991,
Ribeiro et al. 2005). Observations in the field suggested thamesalolphins were
easier to approach, and photograph than othersiglam encounter. Duration of an
encounter was quite variable and consequently teffiecthe probability of
photographing all dolphins in the group. An enceuntvith a group of Chilean
dolphins lasted on average 27 minutes (SE= 1.2, mamge= 2 to 95 minutes, n=
239), and with Peale’s dolphins on average 29 resm\(8E= 2.0 min, range= 1 to 81
minutes, n= 120). The maximum durations usuallysarrom lengthy attempts to
follow a fast travelling or otherwise uncooperaty®up. The shortest durations were
caused by the dolphins moving out of sight.

This study used high-speed cameras with recordiedianthat allowed for fast
shutter speeds as well as image-stabilized highepaaom lenses. Conventional SLR
cameras with print or slide film produced similasults to digital SLR cameras.
However, digital photographs were much easier, kgi@nd cheaper to process and
prepare for analysis than conventional print odesliilms. Given the predominantly
low light conditions and the evasive behaviour &k tdolphins, high quality
photographic equipment should be considered esd$efur photo-identification
studies of these species.

Although the effects of heterogeneity can best b@mized in the field (Hammond
1986), there seems little additional room to redueterogeneity at the data collection
stage. Hence, care should be taken to investigar&-recapture models that allow
heterogeneity to be accounted for. Such modehfjtiapproaches, however, require

multi-sample data sets with a sufficiently largemier of identified individuals
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(White et al. 1982, Pollocket al. 1990). Model-derived estimates might have suffered
from small sample bias due to the small numbemebenter occasions and relatively
few identified individuals that provided capturestoiries. Including individuals with
subtle marks increased the sample size but didresailt in the desired increase in
precision. Subtle marks were more prone to be migssemismatched, potentially
leading to inflated estimates. Once corrected farkmrate, however, estimates
derived from data sets including or excluding seibbtrks did not differ significantly,

irrespective of the mark-recapture method used.

For Chilean dolphins, the simple Chapman-modifieiePsen estimators provided
comparable, consistent and precise estimates agezss. However, heterogeneity
cannot be accounted for with this method and cbale resulted in negatively biased
estimates. Estimates for Peale’s dolphins werefdessise, possibly due heterogeneity
and the violation of the assumption of geograpliswre (see below).

5.5.2. Mark recognition and mark loss

Mark change and mark loss appeared negligible ébin bpecies over the relatively
short course of the study. Out of the 62 Chilealplias identified, only two known
individuals acquired a new feature on their regpeatiorsal fin. Neither individual
changed its mark distinctiveness category. Injuttethe body or dorsal fin that were
severe enough to cause existing marks to beconexamnisable were not observed

among Chilean dolphins.

Of the 79 Peale’s dolphins identified, only one wmoindividual acquired a new
feature on its dorsal fin. This new nick changednitark distinctiveness rating from
obvious (MD 2) to very distinctive (MD 3). One Peal dolphins with very
distinctive features at its dorsal fin also boregl@nd fresh-looking cuts at its flank
and lower dorsal fin when it was first identifielence, some mark change might
have occurred among some Peale’s dolphins.

5.5.3. Geographic population closure

Southern Chiloé had a small, geographically clogedulation of predominantly
resident Chilean dolphins concentrated in threecsedl bays and channels (Chapter
4). For Peale’s dolphins, geographic closure iserdifficult to assume, especially
across years. A large increase in the number ofynevarked individuals (especially
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those with subtle marks) was observed in both stwdgs in 2003, but not in the year
before or after. It appears unlikely that this ease was entirely due to mark
acquisition in previously unmarked individuals, ndid it result from unequal

sampling effort. The average number of dolphinsoentered during a survey day
was comparable (southern Chiloé), or larger (cé@haloé), than in other years. Of
the 16 and 24 new dolphins identified in 2003 irutkern and central Chiloé,

respectively, only two and three individuals (13%@re seen in the following year.

The observed increase of new identifications in 20@dost likely resulted from
temporary immigration into the study areas. Pealiddphins most likely range
beyond the boundaries of the chosen study areasmdividuals have yet to be shown
unambiguously to move between southern and ce@tndbé (Chapter 4). Rate of
individual movements into or out of the study areamain unknown. However, if a
proportion of the population remains unavailableghotographic capture, this would
lead to negatively biased population estimates (Hand 1986).

5.5.4. Demographic population closure

Although neonates and calves were excluded fromtggnaphic analysis, some
recruitment into the (marked) adult population ntigave occurred from one year to
the next. Minimum estimates of crude birth rateggast a potential recruitment of up
to 8% p.a. in Chilean dolphins and up to 3.3% ial&e dolphins. The estimate for
Chilean dolphins appears rather high for a delgh({iVells and Scott 1990, Slooten
and Lad 1991, Wilsoet al. 1999), and more comparable to the life historparbour
porpoises (Read 1990). Survival rates are unkn@wither species but additions to
the population would be counter-balanced by logses deaths). Information on
mortality rates was not available for either specictual recruitment rates into the

adult population might be considerably lower.

5.5.5. Comparing population sizes

Local population sizes of Chilean dolphins and &satlolphins were small and
appeared inversely related to one another in tleestwdy areas. Southern Chiloé was
home to a small and resident population of Childalphins that exclusively occupied
selected bays and channels (Chapter 4). The Peaddgbin population in southern
Chiloé was comparable in size but individuals rahgeer wider areas and were seen

less regularly (Chapter 4). In contrast, Peale’lpliios were the dominant species in
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central Chiloé in terms of numbers of dolphins &neduency of encounters. Species-
specific population structure, prey preference amading habitat remain unknown.
Nevertheless, the observed pattern in abundancedatdbution could represent
small-scale habitat segregation to avoid inter-gjgemo mpetition when resources and
carrying capacity of the local environment are fedi Comparably small and
seemingly isolated populations have been descfinedther delphinids, e.g. inshore
bottlenose dolphinsTursiopssp.) in New Zealand (Williamet al. 1993) or Scotland
(Wilson et al. 1999). Striking differences in abundance, denaitgl ranging patterns
have been related to habitat types and their palararrying capacity for dolphins as
top predators (Chilvers and Corkeron 2003, Retaal. 2003). Tentative evidence also
exists for congeneric Hector’'s dolphin€.(hector) where local population sizes
ranged from a few dozens to hundreds of individ§Blsiger and Schneider 1998,
Gormley et al. 2005) depending on location and potential co-o@nae of other

species.

Although comparable estimates of abundance aravailable for Chilean dolphins
or Peale’s dolphins, anecdotal information suggésas temporary aggregations of
several hundred dolphins could occur along the @o@st in the northern part of their
range (Goodalet al. 1988). If substantiated, such observations coutyest similar
differences in numbers in relation to different iaftypes. Information on habitat use
and population dynamics is needed to place abumdand ranging patterns of each
species in an appropriate ecological context.

5.5.6. Conservation implications and population mtmoring

A patchy distribution and very small local poputettisizes make Chilean dolphins
particularly vulnerable to anthropogenic impactsarMulture farms for salmon
(Salmo salar, Oncorhynchusp.) and musseldviytilus chilensiy abound throughout
the range of the small population of Chilean daighin southern Chiloé (Chapter 2).
Mussel farming activities have been expanding siteelate 1980s (Clasingt al.
1998), and salmon farming since the mid-1990s (SERBSCA 1997, Alvial and
Manriquez 1999). Occurrence of both dolphin spetias been documented in the
area for decades (Goodat al. 1988, Crovetto and Medina 1991, Goodstlal.
1997b), but estimates of population size had nenbebtained prior to this study.

Although much concern has been raised over potemggative impacts of
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mariculture on coastal cetaceans (Sloogtnal. 2000, Wirsig and Gailey 2002,
Kemperet al. 2003, Lloyd 2003), conclusive evidence has bediicdlt to obtain.
Only two studies have systematically assessed itapdcshellfish farms on dolphins
(Watson-Capps and Mann 2005, Markovétzal. 2004). Anecdotal evidence suggests
that Chilean dolphins might be excluded from paftpotentially important habitat, at
least in Yaldad Bay (Kempet al. 2003, Ribeiro 2003).

This study has shown that the population size ofe@h dolphins in and around
Yaldad Bay in Southern Chiloé can be estimated fyylyéng photo-identification
techniques and mark-recapture methods. Althoughctireent trend of this small
population is uncertain, the tools for effectivenitoring exist and monitoring efforts
have been ongoing since 2001. This population appe@ll suited to investigate
potential long-term effects of intense maricultwaetivities on a resident coastal
dolphin species.

Natural changes in population sizes of small cetaseare likely to be slow, but
unusual mortality (natural or anthropogenic) canseadramatic declines. Given the
precision of estimates obtained in this study, aguld take around 9 years of annual
mark-recapture estimates to detect a significainth@ 10% probability level) decline
in population size of 5%. This time frame would démen if abundance estimates
were obtained less regularly. Data on important utetppn parameters, such as
calving intervals, birth rates and survival rateswd be lost if photo-identification
surveys were not conducted annually. The lengtimtd to detection would shorten if
declines occurred more rapidly or precision of mates could be increased. The
former would have severe consequences for suchadl papulation. The latter is
desirable, but requires considerable resourcessaaften beyond active control due
to the behaviour of the target species or logigt&trictions. Hence information on
population trends that allow sufficient time to iement effective management
strategies cannot be produced over the coursefeivayears but require dedicated

long-term annual monitoring surveys.

The traditional management approach requires thapagticular monitoring
programme produces empirical evidence for a pojumadecline before mitigating
management actions are taken to halt the declireor(ipsonet al. 2000). As

discussed above and as is true for all cetacehese tare a multitude of factors
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hampering the detection of a population declineshsas low statistical power to
detect trends due to difficulties with and uncentias in abundance estimation and
failure to identify the cause(s) of the decline \[ba and Gerrodette 1993, Mayer and
Simmonds 1996, Thompsat al. 2000). Thus a population decline should not be a
necessary criterion for initiating conservation swas (Taylor and Gerrodette 1993).
Rather, the precautionary principle (Gray and Bew&®96) should be applied,
especially when a population is small, and mighvehdeclined beyond recovery
before management actions actually take effect ifigsmn et al. 2000). Under
precautionary management, measures would be implecheto reduce potential
threats despite a lack of evidence of causal lirksprecautionary management
approach should be applied to Chilean dolphin aedld®s dolphin populations at
Chiloé given their small current population sizesknown historical abundances,
patchy distribution and the multitude of existingdaexpanding human activities

suspected to impact cetaceans negatively.

Mark-recapture methods applied to Peale’s dolphigklighted the importance of
considering underlying assumptions and expliciveurdesign. There was evidence
for temporary immigration of Peale’s dolphins, eadt in some years, suggesting that
the chosen study areas probably did not encompgessntire range of the local
population. Extending survey effort beyond the latares of the current study areas
could provide important information on movementtpats and help identify more

appropriate spatial scales for population moniigohPeale’s dolphins.

Considerable geographic and temporal survey eicatready required to cover the
current study areas. This level of effort shouldnintained, but it is unlikely that it
can be much increased. Geographically extendedogtentification surveys could
be limited to one sampling period per year (spagrseveral days for full repeat
coverage). Open population models that allow tleimptions of population closure
to be relaxed could be used to monitor populatize across a series of years (a
minimum of five years is required) (Polloeh al. 1990). Hence photo-identification
surveys would need to be continued annually toiokddarge enough data set. Open
population models tend to produce very imprecisgneges of abundance (Polloek
al. 1990). Recently developed open population modéist tallow temporary

emigration/re-immigration and heterogeneity to laé&en into account appear to
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produce more precise estimates (Whitehead and Win2®@5). If assumptions are
met, open population models would also providengsttes of survival rates (Pollock
et al. 1990, Cameroet al. 1998, Langtimmet al. 1998). A promising new approach
that does not require systematically sampling thi@eerange of the population is the
use of multisite mark-recapture estimates in a Baye framework (Durbamt al.
2005). This method can use opportunistically coeddcsighting data from identifiable
individuals when sampling is conducted simultangoas three or more study sites
located throughout the range of the population.hSart approach would benefit from
a more detailed knowledge of the range of Pealelghins at Chiloé.

This study describes the first comprehensive aborelgurvey of Chilean dolphins
and Peale’s dolphins in Chile. It is hoped thatrgmults will lead to the establishment
of a long-term monitoring programme of local popioias in Chiloé and that
appropriate management strategies can be formwatezh will ensure the dolphins’
continued occupancy of important coastal habitat.
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6.1.SYNTHESIS

The endemic Chilean dolphin€gphalorhynchus eutropia, and sympatric Peale’s
dolphins, Lagenorhynchus australis, co-occur in two coastal habitat types in Chile:
along the open coast with the northern limit aroMadparaiso (33°S), as well as in
protected bays and channels of the Chiloé Archijmelgl1-43°S) and the southern
fiords to the South (55°S) (Goodall 1994, Goodell al. 1997). The Chiloé
Archipelago has been considered one of the distoibucentres of both species based
on compiled anecdotal sighting information (Gooea#l. 1988, Goodalét al. 1997).
The purported importance of this area over thed§jasr open coast, however, might
simply reflect better sighting opportunities dueaecessibility, sighting conditions
(e.g. sheltered waters), observer effort (e.g.olagervers, scientific visits) and more
detailed record keeping of sightings.

This study was instigated to investigate systeralyicfor the first time the
distribution, abundance, site fidelity and habuaé patterns of Chilean dolphins and
Peale’s dolphins in the Chiloé Archipelago. Thigioa also constitutes the largest,
and one of the most intensely used mariculturesare&€hile (SERNAPESCA 2004),
thus providing a conservation incentive to the egisial inter-specific comparison.
The main goals of this thesis therefore have beamrired around three aspects:
species-specific ecology, inter-specific or compeeaecology and conservation
ecology. In this chapter, the novel results (seso alable 6-1), conservation
implications and future research avenues are discus
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Table 6-1.Comparison of ecological aspects of Chilean dokphind Peale’s

dolphins in the Chiloé Archipelago.

* Values amnedian;range.

Aspect Measurement Chilean dolphins Peale's dolphin  Source
maximum length (cm) 167 218 Goodetllal.
1997
maximum weight ( kg) 63 115 Goodatlal.
1997
CHILOE
group size mean = SE 6+0.2 5+0.2 Chapter 2
median 5 4
range 1-26 1-17
reproduction calving spring-summer spring-summer Chapter 2
mating summer? summer?
habitat features * distance to shore (m) 2117 - 894 204; 41- 2,31 Chapter 3
depth (m) 12;2.5-56 6;1.8-65
water clarity (m) 5;25-11 7, 18-15
SST (°C) 12.9;10.8- 19.6 13.1; D4-16
salinity (ppt) 32.2;28.8-33.8 32.3;32.2- 338
distance to river (m) 1,18549 - 5,360 1,764; 235 - 9,506
site fidelity yes no Chapter 4
ranging * alongshore range (km) 24;- 45 20; 4-44 Chapter 4
“home range” (k) 40; 22 - 46 ?
abundance combined MR estimates 72 201 Chapter 5
for central & southern (64 - 80) (162 - 251)
Chiloé (95% CI)
survival rate MR estimate (95% CI) 0.90 (0.82 - 0.95) ? Fuen@b2

social structure

anthropogenic effects  distribution of dolphins

overlaps with

dolphins potentially

threatened by

fission-fusion
spatially defined
"communities?"

mussel farms

some salmon farms

shore-based
gillnetting
boat traffic

displacement?,

Christie 2005
Chapter 4

fission-fusion

some mussel farms  Chapters 2 & 3

some salmon farms Chapters 2 & 3
shellfish extraction  Chapter 2

habitat degradation? degradation?

entanglement?
disturbance?

boat traffic Ribeiret al.
2005, Chapter 2
habitat Chapter 2
Chapter 2
disturbance? Chapter 2
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6.2.DISTRIBUTION AND HABITAT PARTITIONING

Chilean dolphins and Peale’s dolphins have a ditsmoous patchy distribution in
the nearshore waters of central and southern Ck@bépter 2). Both species select
shallow coastal waters close to shore (ChapteCl3jean dolphins also show a weak
preference for turbid and slightly warmer waterattis most likely a by-product of
their geographically preferred habitat rather thanclear selection for these
environmental conditions. Proximity to rivers, aowith geographic location and
distance to mussel farms are the most importarurfes explaining the spatial
segregation between Chilean dolphins and Pealelgshihs. The preferences for
proximity to mussel farms and rivers most likelyt as proxies for other features of
the coastal environment, such as estuarine charagitithn enhanced primary
productivity. The preferred bays seem to attract aggregate large concentrations of
potential prey for Chilean dolphins, at least dgrithe summer. In contrast, the
preference of Peale’s dolphins for nearshore waeray from mussel and salmon
farms seems to reflect a selection of more expebedes and/or areas with apparently
shallow and predominantly sandy bottoms. Thus, thbserved spatiahabitat
partitioning appears to be a result of differenogsreferred microhabitat types within
the shallow nearshore waters selected by bothespeci

The direct causal relationships underlying the olesk distribution and habitat
selection patterns currently remain unknown. Ascanmon in cetacean habitat
studies, environmental features are considered iggofor the availability and
distribution of critical resources, such as pregtes, and shelter from predators, all of
which are inherently difficult to determine or qtifn reliably (Gowans and
Whitehead 1995, Fiedlest al. 1998, Reillyet al. 1998, Griffin and Griffin 2003,
Macleodet al. 2004, Crollet al. 2005). Throughout this thesis prey availabilitydan
differences in foraging strategies have been hygsited to be the primary factors
influencing the observed patterns in distributi@hdpter 2), habitat use (Chapter 3),
ranging (Chapter 4), and possibly even local abooela(Chapter 5) of Chilean
dolphins and Peale’s dolphins. Information on pspgcies and diet composition is
lacking for both species in the Chiloé Archipelagad is scant for the remainder of
their ranges. Thus, dietary studies are neededdeaifoy firm conclusions about the

causal factors underpinning the observed habitaitipaing can be drawn.
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The suggested differences in foraging strategieb @ey are supported by the
findings that Chilean dolphins spend a larger propo of their time engaged in
localized foraging-related behaviours compareddald®s dolphins (Chapter 2), show
a high degree of small-scale site fidelity (requgria sufficiently large local prey
availability to sustain the resident populationpdaselect coastal habitat with
estuarine character which seem to function as fighseries (Chapter 3). The
preference for river mouths and riverine areasgrofvith strong tidal currents, has
been well documented for Chilean dolphins from doéal sightings throughout their
range (Goodalkt al. 1988, Pérez-Alvarez and Aguayo-Lobo 2002). In sasehere
large and abundant kelp forests, their primary o ground in the Strait of
Magellan (Viddi and Lescrauwaet 2005), are lackiegnle’s dolphins target a wide
range of demersal and bottom fish, octopus andds(fschiaviniet al. 1997). The
general lack of site fidelity of Peale’s dolphins @hiloé suggests that suitable
resources are distributed patchily, with possilatyited local abundance. A greater
behavioural flexibility in resource use might expléhe larger distributional range of
Peale’s dolphins compared to Chilean dolphins, sipgndifferent coastal habitat
types of the southern South Pacific and South AidgBrownellet al. 1999).

Intriguingly, most reports of co-occurrence of @hih dolphins and Peale’s
dolphins describe a lack of direct interaction lesgw them (this study, Goodatlal.
1988, Goodallet al. 1997, Lescrauwaet 1997). Similarly to this stusiyall-scale
spatial segregation between Chilean dolphins amdeRedolphins has been observed
in two continental fjords east of the Chiloé Ardadlggo (F. Viddi, pers.
communication). Thus the observed habitat partiigicould be a general pattern for
Chilean dolphins and Peale’s dolphins, at leastha islands and fjord region of
southern Chile. Such a spatial separation and tidéferent ecological niches most
likely reduces competitive pressure between thesecbastal species. Niche selection
and the nature of interspecific interactions andita partitioning, however, can be
expected to vary between habitat types (Ballan@22Bearzi 2005). The framework
of habitat selection models developed in this stcmiyld be used to test the generality
of niche selection and habitat partitioning amonfgiléan dolphins and Peale’s
dolphins based on habitat characteristics in differareas, such as the continental
fiords or the open Chilean coast to the north ofldéh This approach requires
systematically collected sighting information andetadled accompanying
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environmental data on the presence and absenceefwity) of both species in
different habitat types.

Comparative habitat selection has not been inwestth for congeneric species,
hence comparisons are limited to incidental obgd&msa or largely descriptive
studies. Peale’'s dolphins are fully sympatric wilommerson’s dolphinsC.
commersonii, in Argentina and the Falkland Islands, and arewknto associate in
mixed species groups (de Haro and Iiiguez 1997 d&bet al. 1997). Congeneric
dusky dolphins,L. obscurus, co-occur with Heaviside’s dolphin€§;. heavisdii, in
South African/Namibian waters, and with Hector’dpdhins, C. hectori, off the South
Island of New Zealand. However, dusky dolphins gemerally found over the
continental shelf and in larger groups compareBeale’s dolphins, and both species
are broadly sympatric without direct interactiomotighout most of their southern
South Atlantic range (Goodadit al. 1997). Given the intra-generic differences in
Cephalorhynchus and Lagenorhynchus, generalisations about the nature of inter-
generic interactions are difficult. Chilean dolphirdiffer markedly in some
behavioural aspects from all other members of #mmugCephalorhynchus, such as
their usually boat-shy and less surface active \aebes, particularly in comparison
with their South American congener, the Commersatt$phin (Heinrich, pers.
observation). In all mixed inter-generic associagiothe smalleiCephalorhynchus
species adapts to the surfacing and behaviouraliteest of the larger, and usually
more boisteroud.agenorhynchus species (de Haro and Ifiiguez 1997, Lescrauwaet
1997, Wirsiget al. 1997). Chilean dolphins might conform less to behavioural
patterns of Peale’s dolphins, and might receitt Jiif any, benefit from associating
with them. Commerson’s dolphins and Peale’s dolplun the other hand seem to
enhance foraging efficiency by forming mixed growgisng the open and exposed
Argentinean coast (de Haro and Ifiguez 1997). Casoné dolphins and Peale’s
dolphins also co-occur in the sheltered nearshomtens of the Falkland Islands
(Brownell et al. 1999) where neither species has been studiedtal de date. The
nature of their sympatric co-existence in relationdifferent habitat characteristics
could be investigated in the Falkland Archipelagoapplying the same comparative
approach used in this thesis for Chilean dolphntsReale’s dolphins.
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Niche partitioning has been suggested for sympéte@viside’s dolphins and dusky
dolphins along the open coast of South Africa, whideaviside’'s dolphins seem to
prefer sandy shores, and shallower cooler watelsef(Eand Best 2003). Spatial
habitat partitioning as a result of differenceshabitat preference has also been
observed in other sympatric inshore cetaceans, asachumpback dolphinsSqusa
chinensis) and bottlenose dolphinsTyrsiops sp.) (Chilverset al. 2005), or the
adunctus andtruncatus forms ofTursiops sp. (Haleet al. 2000).

Direct interactions between Hector’s dolphins andky dolphins were observed at
Kaikoura, New Zealand (Wursig al. 1997, Markowitz 2004), where dusky dolphins
shelter from killer whale (and possibly shark) @&ah in or near the inshore surf
zone during the day in summer (Wursigal. 1991, Constantinet al. 1998), and feed
offshore on mesopelagic fish at night (Wuraigl. 1997). Mixed groups of Hector’s
dolphins and dusky dolphins have only been obsemethe preferred nearshore
habitat of Hector’'s dolphins, and frequently hawgoived calves of both species.
Enhanced safety from predators (e.g. sharks arkihales) appears to be the most
likely explanation for the observed inter-specifissociations (Wursigt al. 1997,
Markowitz 2004). There is no evidence for predatinkiller whales or sharks on
Chilean dolphins or Peale’s dolphins in the watarsund Chiloé (or anywhere
throughout their Chilean range), and current prggbressure does not seem to be a

major factor shaping habitat selection of both ssec
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6.3.RANGING PATTERNS AND LOCAL ABUNDANCE

Movements and site fidelity of individually iden#ible dolphins were determined
from observations made in daylight hours during rfoconsecutive austral
summer/autumn seasons. Diurnal or seasonal moverpatterns were not
investigated. Thus ranging and residency pattertisis study are temporally limited,
and spatially restricted to the two study areasindated based on practical
considerations and logistic restrictions. Desphese caveats clear differences in
movements and residency patterns emerged betwedgalldolphins and Peale’s
dolphins. Individual ranging and site fidelity patts (Chapter 4) reflected the
population-level observations on distribution (Cleap2) and habitat selection
(Chapter 3). Individual Chilean dolphins rangedrosieort distances (on average less
than 25 km), showed a distinct preference for feleted locations (i.e. site fidelity)
and concentrated their activities within small horaeges (Table 6-1). In contrast,
Peale’s dolphins in both study areas exhibitedonanly limited site fidelity, and at
least some individuals likely ranged beyond the rolaumies of the study areas.
However, individuals of both species were not id&at unambiguously in both study
areas (spaced at least 65 km apart) suggestingedingif any) interchange among
local dolphin populations over small spatial scabgsleast during the summer (i.e.
peak breeding season).

Documented alongshore ranges of both species wertarsto those of photo-
identified Hector's dolphins (Bragest al. 2002), and satellite-tagged Heaviside’s
dolphins (Elwenet al. in press). Seasonal alongshore movements of Cosomisr
dolphins occur over much larger distances (> 200 t#hran those of their congeners
and might reflect seasonally variable food supplythe study areas along the open
coast (Coscarella 2005). Seasonal alongshore mawsmé similar distances have
also been documented for photo-identified duskyphliok off the South Island of
New Zealand (Markowitz 2004). Seasonal alongshoiashore-offshore movements
have not yet been investigated in Chilean dolpbmBeale’s dolphins, but have been
hypothesized to occur in response to movementotanpial prey species (Crovetto
and Medina 1991, Gooda#t al. 1997). Tentative evidence at southern Chiloé
suggests that at least Chilean dolphins inhabis#me bays and channels year-round
(Chapter 2). The winter distribution of Peale’spdohs off Chiloé (and elsewhere in

their range) has not yet been investigated.
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In general, ranging and movement patterns in sog#iceans vary in size, usually
as a function of various factors, such as body, gikgsiological requirements, habitat
heterogeneity, prey availability and predation pues (Connor 2000, Stevick al.
2002). The overall ranging areas (95% utilizatiastribution (UD) determined via
fixed Kernel estimators) of Chilean dolphins with @hd more sightings were small
compared to those of other coastal delphinids, ssclinshore bottlenose dolphins
(Gubbins 2002, Owesa al. 2002) or humpback dolphins (Hung and Jeffersom200
Only the marine tucuxtotalia fluviatilis, has an even smaller home range (95% UD),
which seem to be linked to an abundant localizextl fsupply in highly productive
mangrove forests (Flores and Bazzalo 2004). Essiaand bays with riverine
influence and strong tidal currents, such as tlys bad channels preferred by Chilean
dolphins, are known for enhanced primary produstigNavarroet al. 1993, Navarro
and Jaramillo 1994) and attract fish and fish ptada Given the small-scale site
fidelity and small ranging areas of individuals tbeal resources seem to satisfy the
dolphins’ energetic demands and habitat requiresneiiihe temporally stable
distribution of individually identifiable Chilean odphins over four consecutive
summers of research at southern Chiloé and thenaasédnabitat selection patterns
suggest that the distribution and occurrence obntgmt local resources (e.g. prey) is
relatively predictable and dependable across years.

The estimated size of the local population of Ginlelolphins in southern Chiloé is
very small with approximately 60 individuals (95% %2l — 64, estimated using mark-
recapture techniques), excluding calves. Giventémporally stable and spatially
restricted distribution and ranging patterns ofivittbals the local resources might
limit the number of resident dolphins using the esaanea (i.e. density-dependent
factors). The low number of sightings of Chilearpdhins in central Chiloé could
reflect a lack of suitable or preferred habitatilde to them (Chapters 2 and 3). In
central Chiloé estuarine areas are patchily disteith and relatively limited in size,

and most of the coastal areas are subject to mt@asiculture activities (see below).

Social structure and mating strategies are alsavknim act upon, and in turn be
influenced by, ranging and distribution patternse(/t al. 1980, Oweret al. 2002).
Chilean dolphins in southern Chiloé appear to liva fission-fusion society where

most dolphins associate, disassociate and reagsomieer time with only some
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individuals forming strong social bonds (Christi@08). As the local population is
rather small with its distribution centred on seldnays and channels, individual
dolphins are bound to interact with all memberghaf local population that exhibit
the same ranging patterns. Foraging Chilean dadptend to form larger groups than
those seen travelling (Chapter 2), probably to befiem cooperative hunting and an
enhanced ability to herd schooling prey. Femalesaalves appear to aggregate into
larger (nursing?) groups towards the end of sun{ieercalving season). As in other
group living mammals (Packet al. 1990, Baird and Dill 1996), there might be an
optimal group size and temporally varying incentige group formation depending
on prey type and availability and reproductive bise

Tentative evidence has emerged from analysis ofcag®n patterns (Christie
2005) and ranging behaviour (Chapter 4) for a susidin of the local population
(defined as all dolphins using the study area) itwo geographically separated
communities, centred in Bahia Yaldad/ Canal Colddad in Canales San
Pedro/Guamblad, with some overlap of range ocagiinnsouthern Canal Coldita. A
longer-term data set with a larger sample of il resightings is needed to
corroborate these findings of spatially defined nmamities, consisting of members of
both sexes with relatively high site fidelity andased habitatssénsu Rossbach and
Herzing 1999). Such communities have been obsdrvedastal bottlenose dolphins
(Wells 1991, Gubbins 2002, Urian 2002), and mighb axist in Hector’s dolphins
(Brager 1999). In the latter species, putative caimmties have been equated to local
populations (Brager 1999) based on the high degfeste fidelity of individuals,
their limited movement ranges (Brag#ral. 2002), and clear mtDNA differences in
populations only a few hundred kilometres aparctf{fer et al. 1998). Four regional,
genetically different populations of Hector’s dalph are now recognized around the
South Island of New Zealand (Pichleral. 1998), and sub-species status has been
proposed for the remnant population of Hector’s (k& dolphins off the North
Island (Bakeset al. 2002).

Given their very similar pattern of site fidelitgmall ranges and associations,
Chilean dolphins could be expected to exhibit genelifferences over small
geographic scales analogous to those found in iHedaolphins. Variation in habitat

features might also contribute to geographic pdmra differences, both
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behaviourally and genetically. Based on the genistitation of North Island and
South Island Hector’s dolphins (separated by arBGsttetch of open water), Chilean
dolphins along the open coast in the northern plattieir range could be expected to
be genetically distinct from those in the southgonds (which are at least several
hundred kilometres apart). Genetic studies areawénl define biological boundaries
between populations based on genetic interchandeganetic diversity of spatially
defined populations. Analysis of a limited numbéigenetic samples from the fjord
region is currently underway, and preliminary resuindicate a low haplotide
diversity of Chilean dolphins throughout their rargnd potential genetic isolation at
small-scales (C. Olavarria, pers. comm., 2006) nBEvgéhout ready genetic evidence
at hand, the small-scale ranging and habitat setepiatterns coupled with very small
local population sizes yield important implicatifor management and conservation

of this species (see below).

Analysis of ranging (and association) patternse#l&s dolphins was limited by the
relatively small number of resightings (> 10) ofiably identifiable individuals.
Consequently, individual ranging areas could notli&kermined. The more frequently
seen individuals exhibited little or no site fidglito sectors in the study areas
(Chapter 4), but once identified were resightedr ®meeral austral summers. Social
structure of Peale’s dolphins has been describeiission-fusion society with most
individuals associating only temporarily (Chris2805). Limited observations show
that at least some individuals in southern Chitrénflong-term associations that have
lasted for more than four years (the duration ¢ sudy) (Christie 2005). Estimates
of local population sizes were much higher for B'sadlolphins compared to Chilean
dolphins, particularly in the central study area3Peale’s dolphins, 95% Cl= 97-156
in central Chiloé; 78 Peale’s dolphins, 95% CI=-685 in southern Chiloé; Chapter
5). These data combined with results from habitelyesis and distribution patterns
(see above, Chapters 2 + 3) suggest that the tomatars of the eastern Chiloé
Archipelago constitute important habitat for molpl@pulation(s) of Peale’s dolphins.
The term population is used in the sense of gebipally delineated stocks in central
and southern Chiloé based on the lack of obsenmments of individuals between
study areas. Genetic studies have not yet beenuctedl with Peale’s dolphins
anywhere throughout their range. Thus, genetic Jadpn boundaries and

differentiation between geographic regions remainown.

219



Chapter 6 - Insights and outlook

Information on genetic diversity and populationfeliéntiation is available for
congeneric dusky dolphins (Harkeb al. 2003, Cassera al. 2005) which differ from
Peale’s dolphins as they occur in much larger gspafien feed on mesopelagic prey
over the continental shelf and exhibit large-scdasonal movements (Wirsig and
Bastida 1986, Wursigt al. 1997, Markowitzet al. 2004). Genetic and photo-
identification studies spanning hundreds of kiloregtof the coastal waters of New
Zealand have suggested geographic range expansiba geographically structured
population in dusky dolphins probably linked tcasified (sex-specific differences in)
seasonal movements (Harlig al. 2003). No conclusive evidence for genetic
subdivisions was found in South American dusky bdmgpopulations and male-based
dispersal has been hypothesized to lead to sonieedirgene flow between Peruvian
and Argentinean populations (Cassenal. 2005). Whether Peale’s dolphins exhibit
similar dispersal, movement and genetic differeiatina patterns remains currently
unknown. It is clear, however, from the findingstbis study that Chilean dolphins
and Peale’s dolphins differ in many ecological amghavioural aspects.
Understanding these differences of sympatric spesiaot only interesting from an
ecological point of view but also yields importambplications for population
viability, management strategies and conservatiatios in the nearshore

environment of Chiloé, and beyond.
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6.4.CONSERVATION |IMPLICATIONS : TOWARDS HABITAT PROTECTION MEASURES

The findings detailed above establish importantlaggoal baseline information
which has been lacking to date, and provide thé&dracind for empirically founded
recommendations for the conservation of both spe8everal potential threats to the
dolphins have been identified based on spatiallaperith and exposure to human
activities known (or suspected) to impact cetacedsewvhere (Chapter 2, see below).
It was beyond the scope of this study to evaluaexdcausal links or effect size of

these potential impacts on the local dolphin pojiuts.

The Chiloé Archipelago and the surrounding watdrthe 1¢" Regién Los Lagos
have become Chile’s most intensely used mariculiwea, contributing over 80% of
the national production (SERNAPESCA 2004). In 2004s Region housed 273
registered salmon farms which produced 477,168 tdrfarmed salmon (~ 84% of
total Chilean production) and 305 shellfish farmbicka produced 81,741 tons of
mussels and oysters (~ 77% of national product(@8RNAPESCA 2004). The
intensive production and spatially extensive mafamening activities in the nearshore
waters undoubtedly have been affecting the localiremment (Alvial 1991,
Bushmanret al. 1996, Sotcet al. 2001, Miranda and Zemelman 2002, Sepulvetda
al. 2004, Céardenast al. 2005), including top predators such as marine malsim
(Claude and Oporto 2000, Kemper al. 2003, Sepulveda and Oliva 2005). In
addition, incidental entanglement of dolphins masly occurs in fishing gear used
by the artisanal fishing fleet and in shorebasddeais set for escaped farmed salmon
(Chapter 2), but systematic information on bycasdacking.

The potential impacts of mariculture activities oataceans have only recently
become subject to scientific scrutiny (Wursig arail€y 2002, Kempeet al. 2003).
Shellfish farms have been shown to affect dolpdinsctly by displacing them from
potentially important habitat (Ribeiro 2003, Wat€bapps and Mann 2005).
Structural components, such as floats and linespesuded at the surface and
extending vertically into the water column couldpmde dolphin movements and
impact on foraging behaviour by acting as visuahavustic obstructions (Markowitz
et al. 2004). Mussel farms can alter the local food wab tb biochemical effects of
accumulated faeces and pseudo-faeces, increasexpjemt levels, and depleted

chlorophyll a levels within and around farms (Grange and Cole7199irto et al.
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2000, La Rosat al. 2002). Cascading effects through the food webhiegcapex
predators like dolphins have yet to be investigated

Ecological effects of fish farms on the surroundewpsystem are numerous and
varied and have received much attention in receatsy(Bushmanet al. 1996, Tovar
et al. 2000, Holmeret al. 2001). Cetaceans can be impacted directly by bexgpm
entangled and drowning in the netting from fishesagr anti-predator nets (Kemper
and Gibbs 2001, Kempet al. 2003). Indirect effects acting via alterationstioé¢
local food web include eutrophication; contaminatiwith antifouling materials,
antibiotics and marine debris; changes in commositof benthic assemblages;
reduction in species diversity and the introducbdexotic species and diseases to the
marine environment (Bushmasmenal. 1996, Tovaet al. 2000). Increased noise levels
due to augmented boat traffic associated with rodiue activities could disturb
cetaceans (Richardsat al. 1995), particularly in areas where important oesac
habitat (e.g. foraging areas) and intense maricaitgtivities overlap.

In the absence of systematic data on any aspebeafolphins’ biology prior to the
onset of intense mariculture farming it is impo&sito determine the effects these
ongoing and expanding activities might have beeerterg on the local dolphin
populations. Given the lack of pre-impact data #mel uncertainty surrounding the
current level of impacts, applying the precautigraninciple Gensu Gray and Bewers
1996) to coastal management appears well justifitdike a classic management
approach where action is only taken when a padicantpact has been demonstrated
to affect the population (e.g. causing populatieclicie), the precautionary approach
entails erring on the side of caution and cons@matwithout requiring scientific
proof of causal effects, before allowing potenyi@lamaging activities (Thompsah
al. 2000, Hoyt 2005). Such proof can be particulahglienging to obtain for mobile
long-lived animals, such as cetaceans, whghse aredifficult to study and where a
long-term data set is required to detect any tremgspulation size with reasonable
statistical power (see Chapter 5). In addition, he@ndividual impact may be
sustainable or too small to detect, but the cunuglatand potentially synergistic)
effects of all impacts could be having deleteri@osisequences for the population.
Thus the potential effects of mariculture shouldassessed in context with other

potential impacts, such as bycatch and a proposmdase in tourism activities (see
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below). For small (i.e. less than 100 animals) ag@bgraphically segregated
populations like those of Chilean dolphins, the cprgionary approach to
management appears the best means to safeguartstagarious and potentially
irreversible population declines, as has been dstrated for a similarly small and
isolated population of bottlenose dolphins (Thonmpsiaal. 2000).

As detailed above, Chilean dolphins and Peale’ptdo$ differ in their habitat use,
ranging patterns and estimated local populatioessi€onservation measures need to
take these differences into account to providectffe protection. Based on the
results from this study the following points sholld considered when formulating

management strategies:

a) Chilean dolphins and Peale’s dolphins in southemh eentral Chiloé should be
considered geographically defined populations (amitsy for population
monitoring (e.g. estimating abundance) and manageme

b) Population monitoring of both species should bedooted on an annual basis to
ensure timely detection of trends in populatiore sand to build a long-term data
set to strengthen analysis of survival rates, m@rdrmatterns, social structure and

population dynamics.

c) Larger-scale geographic surveys are needed torbetiderstand ranging and
movement patterns of Peale’s dolphins and to adjastagement boundaries.

d) Core areas for Chilean dolphins include Bahia Y@ldaorthern and southern
Canal Coldita, Canales San Pedro/Guamblad in soutfdiloé, and Canal
Dalcahue in central Chiloé, and should be consitidoe the highest level of

protection.

e) Habitat conservation measures for Chilean dolpheed to encompass the entire
range of the small local population at southern lgghi Areas of low or
discontinuous use that serve as “corridors” betweere areas and between
putative “communities” should be included in consgion zones along with

appropriate buffer zones around the full ranges.
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f) Core areas for Peale’s dolphins include the soasiteen shores of Isla Coldita,
western and southern shores of Isla Laitec andaliéhern shallow shoals of Isla
Cailin (southern Chiloé), and should be considefad the highest level of
protection. In central Chiloé important areas aetied in Canal Dalcahue, the

shores of Canal Hudson and Estuario Castro.

g) Additional observations of Burmeister's porpoisBhdecena spinipinnis) suggest
that only areas in central Chiloé constitute impotthabitat for this species. Canal
Hudson and the western part of Canal Dalcahue appeabe particularly
important to a small group of apparently residentrBeister’s porpoises (Chapter
2).

The development of long-term conservation objestisad management strategies
based on the legal framework that is in place ifleGhill be one of the most pressing
next steps. There are no specific laws targetegtaceans in Chile, but most marine
mammals are protected from deliberate take by they“de Caza” (hunting
law)(Aguayo-Lobo 1999, Iriarte 1999). Aspects obitat protection can be managed
under the “Ley General de Pesca y Acuicultura’h@ises and aquaculture law)
(Aguayo-Lobo 1999, Iriarte 1999). The latter lawdaits regulatory amendments
provide some general criteria for the establishnwmarine protected areas and
marine parks. Two of the three marine protectegsaia place in Chile and two
further proposed areas include habitat considengabitant for cetaceans (Anon.
2003, Hoyt 2005). The latest and largest marindepted area in Chile has been
proposed for the waters off southern Chiloé andaly targeted at the protection of
a recently documented feeding ground of blue whaBzdaenoptera musculus,
(Hucke-Gaeteet al. 2004, Langman 2005). Outer boundaries and thenitlefi of
different usage zones are currently under debatadtlition to the more open water
habitat of blue whales, the proposed area is egetsdo encompass coastal waters
relevant to small cetaceans such as Chilean daphifeale’s dolphins and
Burmeister's porpoises (Hoyt 2005). As part of tlesponsibility of the regional
government a coastal management plan for Chiloéalsasbeen under revision for
several years. This plan entails, at least on pdper-scale definitions of different
usage zones, including industrial (e.g. maricultureurism, fisheries, marine

invertebrate extraction and conservation zones (A2001). Identifying critical
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habitat for cetaceans, i.e. crucial core areasstitates important first steps towards
good management of marine protected areas aimégb girotection of a wide range

of marine taxa with cetaceans as possible inditafmecies (Hooker and Gerber 2004,
Hoyt 2005).

This study is the only one to date to provide systigc information on the critical
habitat of small cetaceans in the coastal Chiloéhfelago. The identified areas are
also important to a variety of other marine anduashe organisms spanning the
breadth of taxa from benthic invertebrates to fisea birds and other marine
mammals (i.e. pinnipeds and otters). Unfortunatelly little and localised scientific
information is available on the distribution, abande, or community composition of
most other marine organisms. As information abas#earch on other ecosystem
components is forthcoming, this should be incorfamtain the consideration of
conservation zone boundaries. In the interim, dakplas apex predators might serve
as charismatic flagship species (terminolsgysu Simberloff 1998) and advocates
for urgent conservation actions in an already Hgaiploited, impacted and rapidly
changing coastal environment. Habitat protectiomsuees should not only provide
benefits to the dolphins, but also to the localgieavhose livelihood largely depends
on the use of coastal marine resources and a figalthine environment. Ultimately,
conservation benefits in the coastal waters asdylito depend on the greater vision of
policymakers in realizing the benefits of favourifgng-term sustainability over
short-term economic profit.

!Indicator speciess¢nsu Simberloff 1998) are those species whose presamaeundance is used to
characterize a particular habitat or biological ommity or reflect ecosystem health.
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6.5.DOLPHIN TOURISM , ENVIRONMENTAL EDUCATION AND CAPACITY BUILDING

Cetaceans have recognized educational, scientiloeaonomic value (Hoyt 2002).
Their need for large conservation areas may proeideey to protecting marine
habitats and to bringing large new areas underetgason management (Hoyt 2005).
Some of the frequently emphasized alternativesxpdoéative marine resource use
are ecotourism ventures, such as whale-and-dolphtching tours. Marine tourism
operations, particularly those targeting charismategafauna such as cetaceans, have
transformed many coastal communities world-wideytHt002). The well-publicised
and high-profile “discovery” of important blue wieahabitat south of Chiloé is
envisaged to set the scene for responsible whatiekhimg operations (Hucke-Gaete
al. 2004, Langman 2005) in one of the lesser developgidns in Chile.

As a spin-off, tourism interest in other cetacepecges, including dolphins, is also
increasing in the area. In fact the first ecotoungentures that target Chilean dolphins
and Peale’s dolphins along with the rich avifaus@enic landscape and indigenous
cultural experience, are already in preparatiotolegl people in Yaldad (M. Fuentes,
pers. communication), and possibly other small @asllages in southern Chiloé.
Given the current absence of tourism infrastructimresouthern Chiloé and the
unstable, often inclement weather conditions (ewersummer), viability of such
community-run ecotourism enterprises remains tedsn. Peale’s dolphins appear to
be a suitable target species for dolphin-watchindeavours due to their generally
boat-friendly behaviour. Chilean dolphins, howeveold limited dolphin-watching
potential due to their usually boat-shy and ra#lasive behaviours (Heinrich, pers.
observation, Ribeir@t al. 2005). Given that the local dolphin populations amall,
relatively localized and inhabit an already altereavironment, additional, and
potentially impacting activities should be carefuthanaged. At present, there are no
guidelines or regulations in place for such ecasmurventures to ensure minimal
impact on the target species. Although Chilean rgaéee visited by 41 species of
cetaceans (Aguayo-Lobet al. 1998), whale-and-dolphin watching tours currently
operate at only three sites in Chile, one targeboglenose dolphins in the north
(Islas Chafaral, Choros and Damas), and two in dghethern fjords (Region
Magallanes) focussing on humpback whalééegaptera novaeangliae, Peale’s

dolphins, Chilean dolphins and Commerson’s dolphins
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Most people in the rural communities of Chiloé depelirectly or indirectly on
marine products for their livelihood, but knowledgé the marine environment is
often rather poor. In many world-wide coastal aredeere cetaceans are studied
environmental education programs are offered to ltwal communities or wider
general public to promote understanding and apatieai of the marine environment.
As part of this study educational seminars in rulkadal schools and public
presentations to local communities have been cdadusince 2002 to seed
environmental awareness among school children, niekesparent the ongoing
research activities, and stimulate an interest inetier understanding of the local
marine ecosystem by using the dolphins as flagspgeies. At the time of writing of
this thesis, over 150 school children and teacfiera five schools in rural southern
Chiloé have participated in day-long workshops,csadly developed environmental
games, beach excursions and presentations (Figure B is hoped that this
community-based work will help to direct changewdods good marine practice and
stewardship, and ultimately culminate in more wydalpported conservation actions
to ensure the continued occupancy of Chilean do$plnd Peale’s dolphins in the

coastal waters of Chiloé.

The educational programme and field research ageing in their §'and &" year,
respectively. These activities are carried forth dydedicated team of Chilean
biologists and former assistants in this researcjegt. In fact, the field work that
was instigated for this PhD thesis has also fatdd one M.Sc. thesis (Ribeiro 2003),
has generated data for two Chilean undergraduasesh(Christie 2005, Fuentes
2005) and provided a training opportunity for fostudents on professional
placements and numerous volunteers. It is hopedltbascene has been set, both in
terms of establishing a suitable research protacml capacitating qualified field
personnel, for a monitoring programme that coulkeiect into the first dedicated long-
term study of the comparative ecology of Chileatpdms and Peale’s dolphins in
Chile.
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Figure 6-1 Small-group work with school children during atsiueational visit in
the school of Cohaique, southern Chiloé in Marcd0
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6.6.FUTURE RESEARCH

Each chapter of this thesis has posed a varietguektions and opened further
research avenues. Most of the recommended congaraations (see above, Table 6-
2) require follow-up surveys and extension of tieddfwork, both in space and time.
A protocol to monitor local population sizes of €hn dolphins using photo-
identification and mark-recapture techniques iplate. Estimating population size of
Peale’s dolphins using the same methodology wowddefit from larger-scale
information on ranging and movement patterns tasgess the size and location of
the survey areas. As a longer time series of syieally collected photo-
identification data becomes available, more rolestimates of survival rates (see
Fuentes 2005), local abundance (Chapter 5) andn@amatterns (Chapter 4) can be
obtained.

Systematic information on distribution or abundarafesmall cetaceans in the
Chiloé Archipelago is not available outside thedgtareas. The proposed habitat
protection measures, particularly the creation bodndary delineation of a marine
protected area, require detailed information otridistion, and preferably abundance
of all cetacean species in the Chiloé Archipelagyuj preferably in the entire 0
Regién. Thus larger-scale distribution and abundanaveys are urgently needed to
guantify occurrence and distribution patterns dhceans using these inshore waters.
Visual detection is inherently difficult for elugivand highly cryptic small cetaceans,
such as Chilean dolphins or Burmeister's porpoisssthey frequently avoid boats
and can only be sighted reliably in good conditigasy. Beaufort sea state <3).
Combining visual surveys with passive acoustic tayimg techniques can provide
better estimates of distribution and relative dgn@tristrup and Clark 1997, Gordon
and Tyack 2001, Gillespiet al. 2003, Hastieet al. 2003). Existing passive acoustic
detection systems and software originally develdjpedharbour porpoise$fiocoena
phocoena) (Gillespie and Chappell 2002) could be easilypaeld for use with Chilean
dolphins (D. Gillespie, pers. communication), theursds of which have been
characterized recently for the first time (Heinricimpubl. data, Gotet al. 2005). The
sounds of Burmeister’s porpoises and Peale’s dadphave yet to be recorded, but
could be expected to match those known from trespective congeners. Given the
similarity of echolocation sounds @ephalorhynchus andPhocoena it remains to be
seen whether these two species could be distinggiigboustically.
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Analysis of movement, ranging and site fidelitytpats have been limited to the
study areas and the summer-autumn period. Inclemeather conditions preclude
dedicated larger-scale or offshore surveys outfiide summer months. However,
information on seasonal ranging (and possibly djyipehaviour of Chilean dolphins
and Peale’s dolphins could provide ecologically amignt information and would
help to ensure that habitat protection efforts emgass the entire range of critical
habitat. Although potentially invasive and expegsiransmitters attached to
dolphins’ dorsal fins constitute the only promisimgethod to track dolphin
movements during the winter and over a larger ggagc range. A new generation of
fast and light GPS Fastloc transmitters are curelnéing developed at the Sea
Mammal Research Unit in Scotland and promise thstipaal accuracy and spatial
fine-scale resolution that satellite transmitteasenbeen lacking (Bryamt al. 2005).
Hector’s dolphins,C. hectori, and Heaviside’s dolphing. heavisidii, have been
tagged with conventional satellite tags and weaiekied successfully over periods of
several months with limited or no signs of taggimpacts (Stonet al. 2004, Elwen
et al. in press), suggesting that a refined techniquehtmédso work for congeneric
Chilean dolphins and the more robust Peale’s dolphi

The predictive power of the habitat selection niedkeveloped during this study
should be tested on environmental data from otheasafor which similarly collected
sighting data of Chilean dolphins and Peale’s dalpltould be obtained. Such a
spatially independent validation approach couldvjgi® information on the generality
of habitat selection patterns. If the model prok@sust, it might help target future
research efforts to areas of predicted occurramtie vast expanse of the remote and
logistically challenging habitat of Chilean dolpsiiand Peale’s dolphins to the East
and South of Chiloé.

Mariculture activities have been identified as ptitd threats to small coastal
cetaceans around Chiloé. No current informationinmidental mortality in fishing
gear or direct take is available, but both acegtiare known to have impacted
dolphins and porpoises, at least in the late 1980&early 1990’s, in more northerly
and southerly parts of their respective ranges hieCLescrauwaet and Gibbons
1994, Reyes and Oporto 1994). Bycatch has beetifiddnas the biggest threat to
congeneric species, such as Hector’'s dolphins w Kealand (Pichleet al. 2003),
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Commerson’s dolphins in Argentina (Cresgical. 1994, Iiiguezt al. 2003), dusky
dolphins in Peru (VanWaerebeetkal. 1997, Majlufet al. 2002) and Argentina (Dans
et al. 1997), and has been reported for Peale’s dolpt@nespoet al. 1994) and
Burmeister’s porpoises (VanWaerebeatlal. 1997, Majlufet al. 2002) in other parts
of their ranges. Thus, it seems plausible to suspeme unquantified level of
fisheries-related mortality to persist in the cahswaters around the Chiloé
Archipelago. As first measure and to target furthesearch activities it would be
useful to compile information on fishing effort amfistribution, gear type, target
species as well as known or suspected bycatch gbliginit geographic areas of
potential concern in the £(Regién. Information on bycatch is not only impattso
assess mortality rates and population impactscauld also provide the opportunity
to obtain specimens for life history and diet asely

Table 6-2 Recommendations for conservation actions to ensointinued occupancy
of Chilean dolphins and Peale’s dolphins in theldghArchipelago.

Recommendations

1 Establish conservation zones in the identified @veas (Canales Coldita, San Pedro, Guamblac
for Chilean dolphins; southern Cailin and Laitean@l Dalcahue for Peale's dolphins).

2 Continue population monitoring in both study araamg the established tools and techniques.

3 Conduct larger-scale distribution and photo-idésdtion surveys in the Chiloé Archipelago to
better understand movements (especially of Pedddphins), and identify areas of intense use
outside the study areas (e.g. test habitat preferehChilean dolphins for other estuarine bays).

4 Review fisheries information and interview fishem@and local authorities to evaluate the
occurrence and extent of bycatch in artisanal irsffisheries.

5 Continue and expand the recently initiated envirental education programme to increase
awareness of and concern for the marine environatdmth the political and community level.
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Appendix | “Las toninas de Chiloé”

Morphological characteristcs for field identifiaati of the three small cetacean

species sighted in the Chiloé Archipelago. Pealelphins (a+b), Chilean dolphins
(c+d), Burmeister’s porpoises (e+f).




Appendix Il — Mark distinctiveness rating

Mark distinctiveness rating:

MO = no mark, clean fin

M1 = subtlemark; only visible in good photos; e.g. such aalsnotches,
serrated edges, indentations

M2 = obviousmark; visible in medium to good photos; e.g. bigahes,
scallop cuts (round)

M3 = distinctmars, still visible in poor photos, such as bigksi cuts,
missing bits of fin

Mark classification used in the descriptions:

Nick: V-shaped cut at the trailing edge (rear partheffin, usually classify as M3
type marks

Notch: small indentations along the trailing edge offihecan be
wavy/long/shallow, or small but deep; usually cigsas M1-M2 type marks
depending on combination with other features oryrasiches

Scallop: shallow U-shaped cut at trailing edge (rear pafrthe fin, looks like
someone has scooped out the mark with a round spsaally classify as
M2-M3 type marks depending on how deep they arecantbination with
other marks

Dent: a shallow indentation at the leading edge (fpmart) of the fin; usually classify
as M1-M2 type mark

Tip/top : refers to the upper 173f the fin
Centre: refers to the middle 1/3of the fin
Base refers to the lower 1/30f the fin

2) Need to determine Photo Quality (PQ) for all jolsd

Size of fin in full frame should be no less thaom as measured on the screen (seen
at 100% of original size); When photos are prepéwednalysis in Finbase, the PQ
evaluation gets included in the file name as lagtd..... PQ3.jpg

Criteria to be considered are

e finin focus

» fin obscured by other dolphin or water or otherechs

» contrast in photo (fin versus water/ background)

» angle of fin (best is only perpendicular to thetpoa

e minimum size of fin (should be around 2 cm at 108@®%4ection size)

PQ4 = very good photo, in focus (but consider zdactor/size of fin), at right
angle, with no obstructions, and in good contrast

PQ3 = good photo, three out of four criteria futhgt (one criterium a bit
compromised but still allowing M1 marks to be reaizgd)

PQ2 = poor photo, two out of four criteria met qranly obvious marks can
be reliable recognized, this is the poorest qualitghoto to still be
included in the catalog

PQ1 = rubbish, only keep this photo if despitevésy poor quality there is
some obvious information on an individual dolpmrthe photo,
otherwise do not consider this photo any further.



Appendix Il continued — Mark distinctiveness rating

Fins of Chilean dolphins illustrating the threefeliént mark distinctiveness ratings
used during the photo-identification study. The samark type classification was

used for Peale’s dolphins. Only marks on the ddisalvere considered during this
study.

a) MD 1: subtle mark

b) MD 2: obvious mark




Appendix Il continued — Photographic quality rating

Fins of the same individual Chilean dolphin (ID13wanita, MDZ2) illustrating
different photographic quality ratings used durihg photo-identification study. The
same classification was used for Peale’s dolphins.

a) PQ4: excellent

R ———— —

c) PQ2: poor




Appendix I11 FINBASE eutropia (example)

An interactive MS Access® database called FIINBA&ES adapted from a prototype created
by J. Adams and colleages (2004, available at/Mtgw.chbr.noaa.gov/Finbase/) to match,
archive and administrate the identification imageégample shown for Chilean dolphin
Finbase.

a) Interface for matching a new image (top left)pmtential candidate IDs from the database
Candidate images are presented based on userese®@geria. Match is made by eye by the use
Note that each candidate image can be enlargediaaudly compared with the image to be matched

FinBase - Photo Identification Database

- Chilean Dolphm Finbase

Catalog Search

Sighting Image(s): Catalog Search Criteria: Update Database:
Left: A (1) 2003012151 _D0267.PQ4. F [ Right: | i ~ Catalog I & Attrbutes

Sighting Information — jagl SorhiTa
Date: |21/01/2003 ¥ Attribute(s):
Survey: 82+

Nick tip

Motch{es) base =
rotrh(es) centre fon-Distinct Fin

Sighting: 1=

Image: [ Left  Right Motchies) tip
| Scallop base
g 4 o | B Scallop centre = Exit
N } Execute Search
Catalog Image(s):
CatalogID: 7 0432004  CatalogID: 21 F003/2005  CatalbgID: 33 073/2003  CatalogID: 15 21/01/2003

b) Catalogue interface presenting summary sightifgymation for individual ID15. All images of
this particular individual in the catalogue canv®wed in this interface along with the correspoidi
information about a particular sighting. A sepanaiesk exists for each individual in the database.

[ES FinBase - Photo Identification Database k x|
“ Catalog Browser
1D: 15

HT: ] ¥ 1
Afias: | PseudoMick

Age:

Sex
Alrve: Yes
Mom:

WA ]

. Assnclate(s}

Assuclale il Frsquency
i of 18« 2
| B 3ol 18 Left :[maqe(s]: R'lght Image{s}:
|8 Jef18 [ P
|37 1018 L  Image Name __|_Ima|;|e Date | E! I: I"'lage Slde | Image Name
|22 4ot18 e 2
| 53 1ol 18 15LU1S144S2 Q3D 0073 PC02/11/2004 2 Left
|43 3018 g !
| ¥ 2ol 18 *default Catalog image “a’e.a.d Catalog image
] Gof18
LR | e
| i 2ol 18 Survey | Sighting | | Survey Type | Survey Ares | Sub- Area | Po =_£]
] 5of18 | P 12 1 Other YAL East Yaldad 2
124 1of18 12| 12 2 Other YAL \West Yaldad L3
|18 dof18 [ 12 2 Gther VAL West Yaldad 3
| 56 1of18 Jam| 17 2 Strip-transect coL South Can Coldita 3
|29 1oi18 | | 17 3 Strip-transect coL South Can Coldita 3 Rd|




Appendix I11 continued FINBASE eutropia (example)
Internal database structure of FINBASE showing links between tables where data are stored. Inset: Finbase eutropia, main menue.

: File Edit Miew  Insert Format Records  Tools  Window  Help Type & question forbelp  +
A el ™ B B TR S e W B WS I A A e = :]v.@]! * Dpfioni1 -;l -|| v];|;g Lrﬂ;r,,,,..;.iﬁr:j-,_;-
| gl 2l B 2 1=
T
Er— o
T | Surveyhium _ . "
e %’z: — Chilean Dolphin FinBase
SurveyType S |pate Transecthio Photo-Identification Database for Chilo
SurveyArea TS StartTime v |SubArea
Complets [ty [ EndTime . |Location
SurveyHours Surveyhium Field Sight = ~ |BoativpT .
eackdine Date OnEffart BoatLat ([ Browse Catalog %l View Reports
Waypgints Tme Platform Boatlon —_— . =
Distance WPT Photographer StartPT E’l Enter Survey/Sighting Data | Photo Analysis
CrewMum Lat Recorder Startlat B :
Crewlnitl o Sightinghotes StartLong | SightingCarditiol ﬁ| Match/Catalog Fins @| FinBaseGIS
CrewlInit2 S'th?‘)t:_'l't'f' Camera StartFaleel L —EIVE!"-IH -
Crewlnit3 Hesufarihrasmie FrameFrom StartFalsel L | Sohting ﬁd‘l Verify Fin Entries ji*| Exit FinBase
Crewlnits Motes FrameTo EndWFT Sightability
2 MumFictures EndLat Pr?aci o @ /Ch Catalog Inf
NumFInPics EndLan ﬂden | Add ange og info %
Camcarder —
= Swell
FieldEstimales
Temcortaton E— g
m TapeCounterTo - it B
pe I—Suveyﬂ.ln WaterTemp lon i
TDDIphian.ast Sighting Salirity servation
TDolphintin FO WaterClarity
TDolphiniax FT Depth
TCE“FB?St CatalogSeries MarkType & DistShare
TCalfMin MarkType MarkDescription MI DistSalmanFarm
TCalftax alias 50 DistMusselFarm
Theobiest RE DistBoat
THeoMin m Heading
(THeoMax CatalogD —_
NC Atinbute Prey presence
Priarity =
= | CataloglD Code =] |l::cu:|e
oo
e e Surveyhium PhotoQuality Obsgarvat'_on
2 CatalogID ; e ity o e
Saghting - Sighiing oto quali
Dolphintlass :;:;ny;\lum m ImageSide -
Confirmati _ g
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Appendix IV Gender determination in Chilean dolphins

Sexual dimorphism in the colouration around the genital patch allows to determine
gender in Chilean dolphins. Females (a + b) have a small, roughly triangular grey
patch around the anterior part of the genital dlit. In males (c + d), the genital dlit is
surrounded by an oval grey patch. Males also have a pronounced dark grey line either
side of the vent extending from the dark peduncle into the white abdominal field.

a) ID5 - Female ~ b)ID17- Female




