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Abstract

Limited information still exists on the movements of bottlenose dolphins in
South Australian coastal waters. There is, however, a need to overcome this
paucity of information for an effective development and implementation of
conservation and management initiatives in these waters that are increasingly
threatened by anthropogenic activities. This study infers potential movements
of bottlenose dolphins ( ZTursiops spp.) between Kangaroo Island that separate
and shelter South Australian coastal waters from the Southern Ocean swell,
and the South Australian mainland (The Fleurieu Peninsula and The Adelaide
Dolphin Sanctuary). Bottlenose dolphins were identified from three separate
photo-identification catalogues collated from around the South Australian
coastline. Of the 3518, 654 and 181 dolphins sighted in Kangaroo Island,
Fleurieu Peninsula and the Adelaide Dolphin Sanctuary, 233, 74 and 40 indi-
viduals were recognizable, respectively. Resighting rates were similar in Kan-
garoo Island (70.4%) and Fleurieu Peninsula (75.7%), but much lower in the
Adelaide Dolphin Sanctuary (35%). Ten individuals were resighted between
Kangaroo Island and the Fleurieu Peninsula, whilst no matches were made
between these two locations and the Adelaide Dolphin Sanctuary catalogue.
This suggests a longitudinal connectivity between Kangaroo Island and South
Australian mainland waters, but a lack of latitudinal connectivity that may
result from the physical stratification processes that separate northern and
southern South Australian waters. Our results also demonstrate the highly
mobile nature of this species within South Australian waters as well as establish
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photo-identification as an effective non-invasive tool in which to monitor
long-term movement patterns).
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1. Introduction

Bottlenose dolphins (Zursiops spp.) are found globally throughout temperate
and tropical seas, and are frequently observed in shallow coastal habitats as well
as offshore oceanic waters [1]. This species is commonly occurring in South
Australian waters [2] [3] [4]. Baseline information regarding the ecology, distri-
bution and movements on this species and the potential connectivity between
local populations in this region is, however, still very limited, with most infor-
mation based upon stranding records [2] [3]. However, previous studies have
provided evidence of bottlenose dolphins occurring within both Spencer and
Gulf St. Vincent as well as in the vicinity of Adelaide [5] [6] [7] and in particular
the Port River—Barker Inlet estuary (The Adelaide Dolphin Sanctuary) where
they are known to be resident all year round [4] [5].

Information on the movements of individuals between populations is crucial
to the understanding of their space-time preference and use of specific locations
[4]. Providing evidence of such movements and the use of specific locations is
therefore the first stage in establishing and implementing effective management
strategies [8]. This issue is particularly relevant for South Australian waters with
the ever increasing range of human impacts in this region, for example, habitat
degradation, coastal and industrial development, aquaculture, fisheries, inten-
tional killings and pollution [5] [9]. This is even more of a concern for bottle-
nose dolphins, which are still relatively unknown in terms of demography, ecol-
ogy, home range, site fidelity, residency and behavior outside the Port River-
Barker Inlet estuary in particular and in South Australian waters in general. This
situation hinders assessment of their conservation status and informed decision-
making concerning their management. In addition, the wide and coastal distri-
bution of bottlenose dolphins, together with their vague population units poten-
tially exposes them to a wider variety of threats and makes them more vulnera-
ble.

The recognition of animals from naturally occurring markings is an important
tool for the study of animal populations and their movements [10]. In particular,
this technique has been applied to examine the ecology, behavior and movement
patterns of cetaceans [11] [12]. More specifically, the application of this tech-
nique has provided insight into the movements and distribution of bottlenose
dolphins in numerous locations at the global scale [4] [13] [14] [15]. Photo-
identification of bottlenose dolphins is used to identify individuals non-invasively

by using distinctive dorsal fin features, for example nicks and notches present on
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both the trailing and leading edges of the fin and tip [16] [17]. It is cost-effective,
can benefit from citizen science approaches and also has the great advantage of
avoiding physical capture, handling, application of a mark [18], as well as the
potential short-term and long-term harm related to the biopsy samples used in
genetic tagging studies [19] [20].

This study documents the first evidence of movements and connectivity of
bottlenose dolphins between the South Australian mainland and Kangaroo Isl-
and, based upon photo-identification data obtained from 3 separate studies car-

ried out around South Australia.

2. Methods

Potential movements of bottlenose dolphins in South Australian waters were in-
vestigated through photo-identification techniques applied to dorsal fin images

obtained from three distinct sites (Figure 1), which are representative of the

Adelaide Dolphin Sanctuary

— Survey transects
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Figure 1. Location of the study area in South Australian waters (A) (B). Our study consi-
dered five sites in Kangaroo Island (B) (C), and two mainland locations, the southern
Fleurieu Peninsula (B) (E) and the Adelaide Dolphin Sanctuary (D) that include respec-
tively seven sites (one at Cape Jervis and six around Victor Harbor in Encounter Bay),
and 4 survey transects. EB: Emu Bay, BB: Boxing Bay; CN: North Cape; CR: Cape Rouge;
SB: Shoal Bay; NB: Nepean Bay; AR: American River; PL: Pelican Lagoon; BB: Browns
Beach; AB: American Beach; HB: Hog Bay; AnB: Antechamber Bay; PB: Penington Bay;
HB: Hanson Bay; WB: West Bay. The pictures shown in (B) (C) and (E) were obtained
through Google Earth.
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gradient of oceanographic conditions, hence the related variety of habitat types,
encountered in South Australian waters.

Kangaroo Island is located at the edge of the South Australian continental
shelf, and both its location and geometry shelter Gulf St. Vincent-a shallow
(mean water depth 21 m), low energy inverse estuary [21]-from the predomi-
nantly southwest swell generated by the Southern Ocean [22] [23] [24]. As such,
Kangaroo Island is characterized by contrasted oceanographic conditions; its
southern coasts are directly exposed to the Southern Ocean swell, while its
northern shores are more similar to the sheltered conditions encountered in
Gulf St. Vincent. The 16 stations considered in the coastal waters of Kangaroo
Island were consistently characterized by soft benthic substrates consisting of a
mosaic of bare sand and seagrass meadows.

Two mainland sites-the Port Adelaide River-Barker Inlet estuary and the
southern Fleurieu Peninsula, including Cape Jervis on the west coast and Victor
Harbor in Encounter Bay-were chosen for their distinct exposure to the open
ocean. First, the Port Adelaide River-Barker Inlet estuary, where Zursiops spp. is
a known resident [6] [25], is located on the north-eastern side of Gulf St. Vin-
cent, 15 km north of the metropolitan city of Adelaide. This estuary, declared the
Adelaide Dolphin Sanctuary (ADS) in 2005, with the intent to protect and con-
serve both the dolphins and their habitat covers 118 km2 of shallow waters (Ze.
0.5 to 17 m; [4] [26]). Specifically, the southern area of the sanctuary is a shel-
tered water complex, fringed by mangrove forest, and dissected by numerous
shallow bare sand channels [27]. In contrast, the northern area extending
northwards out into the open waters of Gulf St. Vincent, is dominated by the
presence of seagrass beds, predominantly Posidonia sp., Zostera sp. and Hetero-
zostera spp. occur [28] [29]. Both of these habitat types represent important
areas utilised by dolphins in this area [4]. Secondly, Victor Harbor is located on
the western side of Encounter Bay, a large shallow and sheltered embayment
where Southern right whales, Eubalaena australis, are recurrently observed
forming aggregations [30]; both unaccompanied individuals and females typi-
cally return annually to these nearshore waters to give birth, raise young, and
socialize [30] [31]. At Cape Jervis, and the 6 locations considered in Encounter
Bay, the benthic substrates were consistently made of a mosaic of bare sand and
seagrass meadows.

Photographs were taken over the period from 2005 to 2015, and dorsal fin
images were maintained in three distinct catalogues according to each of the
three study locations. These catalogues were used to identify individual dolphins
from matches of distinctive dorsal fin features, such as nicks and notches present
on both the trailing and leading edges of the fin and tip [16] [17]. Photographs
were all taken using high resolution digital cameras and fin images were down-
loaded and sorted using either Windows Office Picture Manager or using Adobe
Photoshop Elements imaging software. Images were analyzed using standard

photo-identification methods [17] [32] and were graded according to their quality
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(ie excellent, average and poor) [33] [34]. Those photographs deemed excellent
(e.g. fin angled parallel, sharp focus, no water droplets present, minimal glare
and fin occupying a large proportion of the screen) were then used in the analy-
sis. However, some photographs that were considered of average quality (Ze
those photographs of slightly lower resolution, but still providing a clear and
non-ambiguous match of the animal) were occasionally deemed sufficient in
order to provide a match and included. Poor quality photographs were always
discarded from the analysis. Photographs from each of the 3 catalogues were
then checked systematically against each other in order to assess whether ani-
mals had been resighted between locations and additionally to determine the
number of resights of individuals. Individuals resighted in both locations were
also additionally checked across a pre-existing catalogue from the ADS. Note
that our photo-identification approach has specifically been chosen as it is
cost-effective, can benefit from citizen science approaches and also has the great
advantage of avoiding physical capture, handling, application of a mark [18], as
well as the potential short-term and long-term harm related to the biopsy sam-

ples used in genetic tagging studies [19] [20].

3. Results
3.1. Kangaroo Island

Photo-identification surveys have been running from Kangaroo Island since the
30 November 2005. A total of 170 boat-based surveys have been conducted with
dolphins having been sighted on 165 occasions. In total, 3518 dolphins were
sighted, with 233 recognizable individuals catalogued. Among these individuals,
69 (29.6%) were sighted on only one occasion, and 164 (70.4%) on 2 or more
occasions. Specifically, 33 were seen on 2 occasions (14.2%) and 107 were
sighted on 3 to 10 (45.9%) occasions. Eighteen (7.7%) individuals were sighted

on 11 to 20 occasions and 6 (2.6%) were sighted on 21 or more occasions.

3.2. Fleurieu Peninsula

Boat based surveys were initiated in the Southern Fleurieu Peninsula, including
Cape Jervis and Encounter Bay on its east and west coasts on April 20, 2011 and
have been ongoing since. To date 60 surveys have been completed, with dolphins
sighted on 53 occasions. These surveys led to 654 dolphins sighted, with 74 re-
cognizable dolphins catalogued. The resighting frequency is similar to Kangaroo
Island, with 18 individuals (24.3%) sighted on only one occasion, and 56 indi-
viduals (75.7%) resighted on 2 or more occasions. Specifically, 13 individuals
were seen on 2 occasions (17.6%) and 30 were sighted on 3 to 10 (40.5%) occa-
sions. Ten individuals (13.5%) were sighted on 11 - 20 occasions, and 3 (4.1%)

were sighted on 21 or more occasions.

3.3. The Adelaide Dolphin Sanctuary

Standardized boat-based surveys were conducted in the boundaries of the
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Adelaide Dolphin Sanctuary between the 6 March 2009 and 19 January 2011. In
total 11 surveys were completed, with dolphins sighted on all 11 occasions. In
total 181 dolphins were sighted over this period with 1039 images being taken
and 487 deemed of excellent quality being used in the analysis. This resulted in
40 recognizable individuals being catalogued. These 40 individuals were sighted
between 1 and 3 times. Only 14 (35%) of the recognizable individuals were re-
sighted, with 12 and 2 individuals seen on 2 (30%) and 3 (5%) occasions respec-
tively. Overall 18 resightings (39%) occurred over bare sand, and (61%) over

s€agrass meadows.

3.4. Resightings and Inter-Site Connectivity

None of the bottlenose dolphins catalogued in the Adelaide Dolphin Sanctuary
was resighted either in Kangaroo Island or in the Southern Fleurieu Peninsula.
In contrast, 10 individuals were matched between the Kangaroo Island and Fleu-
rieu Peninsula catalogues during the study period (Table 1). These resightings
have consistently occurred from 2011 to 2015, and ranged between 1 and 7
(Table 1). Eight of these individuals were first seen in the coastal waters of the
Fleurieu Peninsula, and resighted 1 to 4 times in various locations before being
subsequently resighted in Kangaroo Island after a time-lag ranging from 6 days
to 15 months (Table 1). Two of them were observed back in Kangaroo Islands 4
to 9 months after their last sighting in the Fleurieu Peninsula. Two individual
was first sighted in Kangaroo Island, where it was resighted twice in nearly two
years, before being resighted in the Fleurieu Peninsula 15 months later and
making the trip back to Kangaroo Island in 6 days (Table 1).

4. Discussion

Our results provide the first evidence of connectivity between Tursiops spp.

Table 1. Summary of the movement patterns of the ten bottlenose dolphins resignted between Kangaroo Island and the Fleurieu

Peninsulaas a function of their initial sighting (S) and subsequent resightings (RS,) according to date (D) and location (L).

ID S RS, RS, RS, RS, RS, RS, RS,
D L D L D L D L D L D L D L D L
1 20/05/11 YR 02/05/12 WI 27/07/12 SA 10/08/12 SA 14/10/13 CR 25/11/13 NC 22/12/13 21/07/14 NC
2 02/05/12 WI 21/12/12 OR 14/01/13 YR 27/03/13 YR 08/10/13 YR 05/06/14 AB 08/03/15
3 30/08/11 GI 11/02/14 GI 27/04/15 BB
4 12/11/12 YR 21/12/12 OR 14/01/13 YR 08/06/13 WI 08/10/13 YR 05/06/14 AB 15/10/14
5 02/07/13 OR 03/12/13 WTI 30/03/15 NC
6 03/12/13 WTI 08/12/14 HB 22/02/15 HB
7 10/11/10 HB 05/04/11 BBH 29/01/12 HB 06/03/13 HB 17/04/13 HB 11/03/14 HB 31/05/14 05/06/14 AB
8 11/03/13 HB 17/04/13 HB 03/12/13 WI
9 31/05/14 CJ 09/08/14 CJ 05/06/14 AB
10 31/05/14 CJ 05/06/14 AB

The Fleurieu Peninsula and Kangaroo Island observation site locations are respectively shown in blue and red; Yilki reef: YR; Wright Island: WI; Shark
Alley, SA; Olivers Reef: OR; Granite Island: GI; West Island: WTI; Cape Jervis: CJ, Cape Rouge: CR; North Cape: NC; Boxing Bay: BB; Hog Bay: HB; Browns
Beach: BBH; AB: Antechamber Bay.
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observed in the coastal waters of mainland South Australia and Kangaroo Island.
These exchanges are, however, limited to the southern waters of the Fleurieu Pe-
ninsula and Kangaroo Island, as no match was found between the dolphins ca-
talogued in the Adelaide Dolphin Sanctuary and either in Kangaroo Island or in
the Fleurieu Peninsula.

These results suggest that (i) there is no latitudinal connectivity between the
Tursiops spp. populations of the north (ie. Adelaide Dolphin Sanctuary) and
south (ie. Kangaroo Island and southern Fleurieu Peninsula) waters of Gulf St.
Vincent, and (ii) there are regular longitudinal cross-overs between Kangaroo
Island and the southern Fleurieu Peninsula through Backstairs Passage for time
scales ranging from a few days to 15 months. These results are consistent with
previous results showing that the Adelaide Dolphin Sanctuary supports a small
population of approximately 30 resident individuals—a figure compatible with
the 40 recognizable individuals catalogued in the present work-as well as visiting
non-regular transient animals [6] [25]. More specifically, these observations are
also consistent with evidence that protected, shallow and narrow waterways
which are geographically further from the open ocean such as the Adelaide
Dolphin Sanctuary (see Figure 1(D)) generally promote limited movement pat-
terns and therefore some degree of site fidelity [35] [36]. This is in contrast with
open habitats where dolphins have more extensive home ranges and a lesser de-
gree of site fidelity [35] [36]. In this context, a recent study conducted in the
Adelaide Dolphin Sanctuary to assess potential habitat preference (e bare sand
vs. seagrass meadows) hypothesized that individuals resighted consistently over
time in the bare sand habitat may hence potentially represent resident individu-
als, and therefore those sighted on fewer occasions in the seagrass habitat may be
transients [4]. This hypothesis is consistent with the preference of the dolphins
observed in Kangaroo Island and in the southern Fleurieu Peninsula for seagrass
meadows. More generally, our observations are also congruent with studies
conducted in the western Atlantic and Ireland [13] [37] that suggested that
coastal stocks of bottlenose dolphins are comprised of residents (which are con-
fined to certain areas) and transients (which migrate seasonally in and out of
areas), which do not mix. These dolphins have also been reported to travel rou-
tinely back and forth between coastal locations, with movements occurring
along narrow specific corridors close to shore [38], an observation consistent
with the cross-overs observed between Kangaroo Island and the southern Fleu-
rieu Peninsula. It is suggested however, that further, work investigating potential
connectivity between the two southern study sites and the northern waters of the
Adelaide would however be beneficial.

Potential exchanges between South Australian populations of bottlenose dol-
phins have previously been investigated across Spencer Gulf and coastal waters
west of the gulf in the Great Australian Bight [39]. Using data from mitochon-
drial DNA control region sequences and 6 microsatellite loci, Bilgmann et al
[39] found marked genetic differentiation and low migration between bottlenose

dolphins of the Spencer Gulf and those inhabiting coastal areas west of the gulf.
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These authors hypothesized that the restriction to dolphin gene flow is related to
the oceanographic front that builds up at the mouth of Spencer Gulf over the
austral summer due to strong differences in water temperature and salinity be-
tween surface and bottom waters that culminate in winter when the salty dense
waters formed in the Spencer Gulf during summer cascade as a density current
following winter cooling [40] [41]. In contrast to Spencer Gulf, vertical stratifi-
cation (and density currents) rarely exist in Gulf St. Vincent where it is more
horizontal [42] [43] due to the strong tidal flows (up to 1 m-s™') occurring in
Backstairs Passage that operate to destroy any vertical density stratification. Ver-
tical stratification does, however, occur in northern Spencer Gulf, South of the
swift tidal flows (Ze. up to 1 m-s™'; [44]) in Backstairs Passage that operate to de-
stroy any vertical density stratification. Vertical stratification does occur, how-
ever, in the northern part of Gulf St. Vincent, south of the Port River-Barker In-
let estuary [45], and may hence represent a barrier to a southward dispersal of
the bottlenose dolphin population of the Adelaide Dolphin Sanctuary. This hy-
pothesis is consistent with previous evidence of both direct and indirect influ-
ence of oceanographic properties (e.g. temperature and salinity) on bottlenose
dolphins. In the Black Sea, the distribution of bottlenose dolphin populations
matched areas segregated by their oceanographic properties [46]. The distribu-
tion of coastal bottlenose dolphins may also be indirectly influenced by the ef-
fects physical oceanographic barriers such as fronts have on their prey distribu-
tion [47]. It is nevertheless noticeable that there is about an order of magnitude
difference in the distance between Kangaroo Island and the Fleurieu Peninsula
(ca. 12 km) and the distance between Kangaroo Island and the Adelaide Dolphin
Sanctuary (ca. 120 km). Though these distances are both compatible with the
home range previously reported for bottlenose dolphins 7. truncatus and Indo-
Pacific bottlenose dolphins 7. aduncus in coastal and estuarine systems [20]
[48], further work is needed to assess the effects of the interactions between dis-
tance, habitat, anthropogenic activities and oceanographic features in the con-
nectivity of Tursiops populations in general, and in South Australian coastal wa-
ters in particular. Additional work is also needed to estimate the abundance of
bottlenose dolphins in the coastal waters of the Kangaroo Island-Fleurieu Pe-
ninsula area to allow further comparisons with the recent estimates of the abun-
dance of this species in Adelaide coastal waters that have recently been shown to
range from 95 individuals in winter to 239 in summer. A comparison between
the photo-identification catalogues obtained in the coastal waters of Adelaide
[49] and Kangaroo Island-Fleurieu Peninsula [present study] would also represent
a step forward in the understanding of the connectivity and residency of this
species in South Australian waters.

This study demonstrates the ability of non-invasive and cost-effective tech-
niques such as photo-identification as a reliable tool that can be used as a basis
to design habitat studies, but also to study dolphin movement and population

connectivity without using controversial tools based on live biopsy samples [20].
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This issue is particularly critical in terms of management and conservation of
South Australian bottlenose dolphins particularly as (i) the taxonomy of the spe-
cies in South Australian waters is still debatable [50], and (ii) these waters are
also increasingly threatened by a range of anthropogenic disturbances such as
the development of desalination plants, fisheries, anthropogenic sound and oil
and gas exploration; see e.g. [39] [51]. Specifically, genetic evidence, based on
both mtDNA and microsatellite data, suggests that coastal bottlenose dolphins
from South Australia, Victoria and Tasmania are evolutionarily distinct from the
2 other recognized bottlenose dolphin species [51]. As such, if some populations
do not mix with other ones and others use specific migration corridors-as sug-
gested by our results-the unique diversity of South Australian coastal waters and
gulfs offer a rare opportunity to develop a more focused approach of the man-

agement and conservation of their bottlenose dolphin populations.
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