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ABSTRACT

Bottlenose dolphins (Tursiops truncatus) occupy a wide range of coastal and pelagic habitats
throughout tropical and temperate waters worldwide. Around New Zealand, bottlenose dolphins
inhabit three discontinuous regions in the north-eastern coast of the North Island, Marlborough
Sound and Fiordland in the South Island. All these populations are subject to anthropogenic
activities including dolphin-based tourism industry. Along the north-eastern coast of the North
Island, the Bay of Islands presents a unique opportunity to study this population because of
regular occurrence year-round and a history of long-term studies conducted in the region. This
study examines the population structure and genetic diversity of the three New Zealand
bottlenose dolphin populations to define their boundaries. Second, it focuses on the Bay of
Islands subpopulation to investigate the dynamics of dolphin groups, pattern of habitat use,
abundance and trends over time. Finally, it estimates reproductive parameters of female
bottlenose dolphins to predict the long-term viability of the Bay of Islands subpopulation.

To investigate the population structure and genetic diversity of bottlenose dolphin, skin samples
were collected using a remote biopsy dart from the three New Zealand populations. Analysis of
the molecular variance (AMOVA) from mitochondrial DNA (mtDNA) control region sequences (n
= 193) showed considerable differentiation among populations (Fs; = 0.17, & = 0.21, P<
0.001) suggesting little or no female gene flow or interchange. All three New Zealand
populations showed higher mtDNA diversity than expected given their small population sizes and
apparent isolation. To explain the source of this variation, 22 control region haplotypes from
New Zealand were compared to 108 haplotypes worldwide representing 586 individuals from 19
populations and including both ‘inshore” and ‘offshore’ ecotypes as described in the Western
North Atlantic. All haplotypes found in the Pacific, regardless of population habitat use (i.e.,
coastal or pelagic) were more divergent from populations described as ‘inshore” ecotype in the
Western North Atlantic than from a population described as ‘offshore” ecotype. Analysis of gene
flow indicated long-distance dispersal among coastal and pelagic populations worldwide, except
for those haplotypes described as ‘inshore’ ecotype in the Western North Atlantic; suggesting that
these populations are interconnected on an evolutionary time scale. This finding suggests that
habitat specialization has occurred independently in different ocean basins, perhaps with T.
aduncus filling the ecological niche of the ‘inshore” ecotype in some coastal regions of the Indian
and Western Pacific Oceans.

The dynamics of dolphin groups in the Bay of Islands and their use of the habitat were
investigated using two standardised datasets of consistent effort (1997-99 and 2003-05). The
1997-99 dataset contained a total of 1,711 sighting records of 258 individual dolphins, of which
39% were newly added to the photo-identification catalogue (n = 101) and the rest (n = 157),
were re-sightings of previously catalogued dolphins. The 2003-05 dataset included a total of
1,889 sightings records of 159 individual dolphins. Overall, 98 dolphins sighted during 1997-
99 were resighted during 2003-05. Encounters with dolphins increased significantly (P < 0.001)
from 69.5% during 1997-99 to 87.1% encounters during 2003-05. There were more individually
identified dolphins using the Bay of Islands during 1997-99 when compared to 2003-05; despite
a lower number of sightings and groups encountered. There were annual variations in the
number of groups encountered including a lower number of dolphins sighted during winter.
Analysis of resighting rates suggested a very dynamic pattern of habitat use with fewer individuals
sighted in the area more often than expected (i.e., frequent users; ~20%) while most dolphins
were occasional or infrequent visitors. Additionally, a change in use of the area was detected,
with 40 frequent users out of 67 using the Bay of Islands differentially. Changes in habitat use
over time may be attributed to foraging (changes in prey distribution or abundance), reproductive
strategy, competition for resources, a consequence of anthropogenic impacts or a combination



of all or some of the above. During 2003-05 there were relatively few frequent users (n=37)
found in the Bay of Islands regularly. Therefore, the exposure of frequent users to tour-boat
operators should be closely monitored to avoid cumulative impact and potential detrimental
effects on survival or reproductive fitness.

The composition of maternal lineages of biopsy sampled frequent users (n=23) was not
significantly different from other dolphins in the Bay (n=108) suggesting that social affiliations, as
opposed to direct kinship, play a more important role in the maintenance of long-term
relationships between individuals. The sex ratio of the population was estimated at 1.3:1 males:
females with no significant differences between sexes. Sex information was available for 37
frequent users and no differences (P = 0.099) between sexes were detected, indicating no sex-
segregation within frequent users in the Bay of Islands.

Four Cormack-Jolly-Seber models were used to estimate survival and capture probabilities over
different temporal scales. An open population model that allows for variation in capture
probabilities and survival over time best describes this subpopulation with the pooled annual
dataset. This is because the effects of migration, heterogeneity and higher capture probabilities
observed in the Bay of Islands dataset. Results suggested a 38% decline from 204 (CV=0.03)
individually identified adult dolphins using the Bay of Islands in 1998 to 126 (CV=0.02) in
2004. The abundance of the larger north-eastern North Island population was estimated at 428
adult dolphins. A decline in apparent adult survival was observed in the Bay of Islands, with lower
values than those reported for other regions (0.907 in 1999 and 0.717 in 2004). Several
documented deaths among the frequent users of the Bay of Islands have contributed to this lower
survival rate. Despite the decline in estimated abundance, dolphins contfinue to be found
regularly in the Bay of Islands, suggesting a change from more individuals using the area
irregularly, to fewer individuals using the Bay of Islands more regularly. Consequently, it seems
that a shift in habitat use as well as some combination of emigration, mortality and low
recruitment could underlie the estimated decline. Although the cause of these changes requires
further investigation, a precautionary approach to manage all anthropogenic disturbances is
recommended throughout the range of the north-eastern North Island population.

A total of 53 dolphins were observed to be reproductive females over > 2 consecutive and
independent encounters. Additionally, 11 females were sexed using molecular methods and
direct observation but were never sighted with a calf. Since 1994, 52 young of the year were
successfully assigned to individually identified mothers; the fates of 41 of these were documented
over differing periods of time. Similarly to studies conducted in other regions, and consistent with
the estimated calving rate (0.25 calf (reproductive female)' yr'; CI = 0.16-0.35), average
calving interval was estimated at 4.25 years (range 2.20-6.78; SD = 1.54). Conversely, mortality
rates to age 1+ (0.42; Cl = 0.27-0.57) and 2+ (0.22; Cl = 0.08-0.58) were higher than
reported elsewhere. The high calf mortality observed here in conjunction with a decline in
abundance highlight the vulnerability of this utilised subpopulation.

The present study provided substantial evidence to suggest that dolphins using the Bay of Islands
are genetically differentiated from the other populations in New Zealand. Further analyses
suggested a decline in abundance, high calf mortality and a decline in adult survival. Long-term
monitoring in the Bay of Islands is needed to examine the causes of decline; which could threaten
the persistence of this population and the sustainability of dolphin-related tourism activities.
Different management conservancies throughout the bottlenose dolphin range along the coast of
the north-eastern North Island need to coordinate their conservation efforts in a consistent
manner and implement a precautionary approach to manage all sources of anthropogenic
disturbances.
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