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Abstract

Bottlenose dolphins (Tursiops truncatus) are con-
sistently observed in the Marlborough Sounds, 
New Zealand. However, prior to the present study, 
no research has previously focused on this spe-
cies within these waters, despite the potential for 
human impacts. Photo-identification undertaken 
during boat-based surveys conducted between 
2003 and 2005 were used to assess occurrence, 
abundance, and movement patterns of bottle-
nose dolphins in the Marlborough Sounds. Long-
term site fidelity was evident, with the majority 
of individuals resighted over multiple years. 
Lagged identification rates showed consistency 
over a 4-y period, with some individuals remain-
ing for longer periods, while others frequently 
interchanged between different areas of the 
Marlborough Sounds. Migration rates were high, 
with approximately 25% leaving and entering the 
890 km² region annually. Bottlenose dolphins in 
the Marlborough Sounds appear to form part of a 
larger, open, coastal population consisting of 385 
individuals, with 211 (95% CI = 195 to 232) dol-
phins utilizing the region per annum. While their 
occurrence within these waters is frequent, the 
Marlborough Sounds appear to be only a section 
of a much larger home range for this bottlenose 
dolphin population.

Key Words: mark-recapture, site fidelity, group 
size, movements, group composition, Marlborough 
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Introduction

Bottlenose dolphins (Tursiops truncatus) are 
one of the most comprehensively studied ceta-
ceans, primarily due to their coastal proxim-
ity and adaptability in captivity (Reeves et al., 
2002). Ranging from temperate to tropical waters, 

they show extreme diversity in abundance, 
distribution, and habitat use. Previous stud-
ies conducted in New Zealand have primarily 
focused on two populations: (1) Bay of Islands, 
Northland (e.g., Constantine, 2002; Mourão, 
2006), and (2) Doubtful Sound, Fiordland (e.g., 
Williams, 1992; Schneider, 1999; Lusseau, 2002). 
However, this species also occurs in other regions 
around New Zealand, (e.g., Marlborough Sounds 
and Hauraki Gulf, Auckland), although little is 
known about the bottlenose dolphins inhabiting 
these waters. This is particularly evident in the 
Marlborough Sounds, a study site which from a 
latitudinal perspective, sits geographically inter-
mediate between the two previously studied 
populations. Recently, it has been suggested that 
the Marlborough Sounds dolphins are geneti-
cally differentiated from the other New Zealand 
populations although connected to other world-
wide populations through long-distance gene 
flow (Tezanos-Pinto et al., 2009). Data detailed 
here represent the first dedicated effort to assess 
bottlenose dolphins in the Marlborough Sounds. 
Several anthropogenic activities occur within 
these waters; therefore, it is pertinent to assess 
the use of this region by bottlenose dolphins. We 
determined the annual abundance of bottlenose 
dolphins using the Marlborough Sounds in order 
to establish their frequency within this region. 
Group dynamics, site fidelity, and movement pat-
terns of individuals were also assessed.

Materials and Methods

Study Area
The Marlborough Sounds (41º S, 174º E) is a series 
of rias adjacent to the Cook Strait and Tasman Sea, 
located along the Northern coast of South Island, 
New Zealand (Figure 1). The region comprises 890 
km² of diverse sounds and estuaries that vary in 
depth, topography, and salinity (Potton, 1986). Our 
data represent surveys conducted in three main areas 
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of the Sounds: (1) Queen Charlotte Sound (QCS), 
(2) Pelorus Sound (PS), and (3) Admiralty Bay (AB) 
(Figure 1). Queen Charlotte Sound is the most east-
ern region and is the main ferry terminus between 
New Zealand’s North and South Island. Pelorus 
Sound/Havelock is the most land-locked region, 
exhibiting high levels of fresh water inflow (Heath, 
1974). Admiralty Bay/Current Basin, the most west-
ern part of the Marlborough Sounds, is separated by 
French Pass, a narrow passage that runs between 
Cook Strait and the Tasman Sea (Potton, 1986). 

Data Collection
Nonsystematic, boat-based surveys were con-
ducted from 2003 to 2005 in the Marlborough 
Sounds using a 5.6-m research vessel powered 
with a 100-hp, 4-stroke outboard motor. Surveys 
were conducted during daylight hours between 
0700 to 1800 h (New Zealand Standard Time 
[NZSTD]), in Beaufort sea states of 3 or less. 
Typically, search effort lasted between 4 to 7 h/
survey (mean = 5.35 h). Vessel speed during 
survey effort was approximately 15 km/h. A 
LCX-15 Sonar/GPS (Lowrance Electronics, USA) 
was used to record latitude, longitude, depth (m), 

and speed of travel (km/h). Experienced observers 
conducted observations with their naked eye using 
continuous scanning methods (Mann, 1999).

Upon sighting a group of bottlenose dolphins, 
survey effort ceased, and the vessel slowly maneu-
vered to approach the group. Once within approx-
imately 10 m of the animals, latitude, longitude, 
time, and environmental data (e.g., sea surface 
temperature, depth, wind speed and direction, 
swell height and direction, tide state, and salinity) 
were recorded. Group size and composition were 
also noted at this time. 

Group Dynamics
Group size was estimated based on the initial 
count of individuals observed to surface at one 
time. Dolphin groups were defined by spatial 
proximity using the 10-m chain rule (Smolker 
et al., 1992). Group composition was determined 
by counting the minimum number of adults, juve-
niles, and calves present. Age class definitions fol-
lowed those by Mann & Smuts (1998) and Mann 
et al. (2000) (Table 1). Field count estimates were 
later adjusted based on photo-identification data 
by increasing the minimum number of individuals 
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Figure 1 .   The Marlborough Sounds, Sout h Island, New Zealand, wit h 

insert  map of  New Zealand showing locat ions of  Bay of  Islands (circle) , 

Marlborough Sounds (square) and Doubt ful Sound (diamond) 

populat ions. 

 

Figure 1. The Marlborough Sounds, South Island, New Zealand, with insert map of New Zealand showing locations of Bay 
of Islands (circle), Marlborough Sounds (square), and Doubtful Sound (diamond) populations.



	 

present if more marked individuals were photo-
graphed than the field estimate obtained. 

Photo-Identification
Abundance was assessed using previously estab-
lished photo-identification techniques (Würsig & 
Jefferson, 1990). Opportunistic photographs of 
bottlenose dolphins were originally taken in the 
Marlborough Sounds region between 1998 and 
2000 (Markowitz & Harlin, unpub. data). These 
images, along with other opportunistically col-
lected photographs (I. Visser & G. de Tezanos-
Pinto, unpub. data), initiated a bottlenose dolphin 
photo-identification catalogue for the Marlborough 
Sounds. All opportunistic data collected in 1992, 
1995, and between 1997 and 2003 were included 
in the following analyses.

Photographic images collected during 1998 
and 1999 were digitized prior to analysis. From 
2000 to 2005, photographs were captured using 
Nikon D1 and D100 cameras fitted with 100 to 
300, 70 to 300, and 80 to 400 mm lenses, respec-
tively. Photo-identification efforts ended when at 
least two images of all individuals present were 
obtained or when either avoidance behavior of the 
focal animals (Bejder et al., 1999; Lusseau, 2002) 
or poor weather conditions precluded further data 
collection. Photographs were evaluated for suit-
ability and graded excellent, good, or poor based 
on predetermined criteria, including the angle 
of the dorsal fin, contrast, and focus (Slooten 
et al., 1992). Photographs were then catalogued 
in FINSCAN 1.5.4 (Araabi et al., 2000; Hillman 
et al., 2003) and compared manually (Markowitz 
et al., 2003). All groups represent independent 
encounters based on date and geographic locality. 

Abundance
A total of 316 photographic records of 182 indi-
viduals between 1992 and 2002 established the 
Marlborough Sounds bottlenose dolphin cata-
logue. From 2003 to 2005, 1,127 photographic 
records were collected, cataloguing a further 153 
new individuals. To determine the status (i.e., open 
or closed) of this population, a discovery curve was 

generated using photographs deemed to be of good 
or excellent quality. Using POPAN in SOCPROG 
2.3 (developed in MATLAB by H. Whitehead; pro-
grams available at http://myweb.dal.ca/hwhitehe/
social.htm), population abundance estimates were 
calculated and fitted with three population models: 
(1) Schnabel, (2) Mortality, and (3) Mortality + 
Trend (Whitehead, 2009). Parameters for these 
models are detailed in Gowans et al. (2000). Model 
selection was based on Akaike’s Information 
Criterion (AIC), which estimates the models’ like-
lihood based on the number of parameters and the 
probability of obtaining the observed data (Akaike, 
1973). Models with the lowest AIC value were 
chosen as the best-fit model (Whitehead, 2009). 
Photographic data collected from 1992 to 2005 and 
from 2003 to 2005 were examined independently 
to take into consideration differences in photo-
graphic effort. 

Mark rate, defined as the percentage of perma-
nently marked individuals, was determined from 
quality photographs (deemed excellent or good; n 
= 2,173) collected from a series of independent 
test days. Total population size was calculated 
using estimates generated from the best-fit model 
and adjusted in accordance with the mean mark 
rate for the population. 

Site Fidelity
Site fidelity was determined by the resight rate, 
with sampling intervals defined by day, month, and 
year. To ensure individuals were photographed ran-
domly across the study area, a Poisson distribution 
(Zar, 1996) was generated from photo-identifica-
tion observations obtained from 2003 to 2005. A χ2 
test was then applied to compare the observed and 
expected values to determine if individual dolphins 
display a level of site fidelity to the Marlborough 
Sounds (i.e., where the observed distribution devi-
ates significantly from the expected). 

Residence Times
The amount of time individuals spent within the 
Marlborough Sounds was examined by calculating 
lagged identification rates (LIRs) in SOCPROG 

Table 1. Age classes used to determine group composition of bottlenose dolphins (Tursiops truncatus) in the Marlborough 
Sounds, New Zealand; definitions derived from Mann & Smuts (1998) and Mann et al. (2000).

Age class Definition

Calf Presence of foetal folds; this stage lasts up to 3 mo and is denoted by uncoordinated surfacing behavior. 
Individuals were also classified as calves if they were one-half the size of an adult dolphin and often 
observed swimming alongside an adult animal in echelon or nursing positions.

Juvenile Two-thirds the size of an adult; often observed in close association with an adult but never observed in the 
nursing position.

Adult Large marked or unmarked individuals that are 3.0 m in length; smaller females were also classified as 
adults if observed nursing a calf.
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2.3 (Whitehead, 2009). The LIR is the probability 
that an individual identified in the study area at 
time X will be identified again within the study 
area after a certain time lag (Whitehead, 2009). 

Photo-identification data of all individuals 
sighted between 2003 and 2005 were included 
in the LIR analyses. This resulted in the removal 
of 101 individuals, leaving 234 individuals and 
1,131 records used in the analysis. LIRs were cal-
culated for the entire study area and subsequently 
compared to the expected LIRs from exponen-
tial mathematical models—Emigration/Mortality 
and Emigration + Reimmigration—to assess 
residency patterns (Whitehead, 2009). Quasi-AIC 
(QAIC) values were calculated for all models, 
with the lowest values used to determine the best-
fit models (Whitehead, 2009). 

Movement Patterns
Transition probabilities for movements between 
all areas within the Marlborough Sounds (QCS, 
PS, and AB) and all external areas (i.e., waters 
outside of the Marlborough Sounds) were calcu-
lated in SOCPROG 2.3 (Whitehead, 2009) using 
a parameterized movements among areas Markov 
model. This model generates estimates for each 
time unit in which individuals have a certain 
probability of moving from one region to another 
while accounting for permanent emigration from 
all study areas in a single day (Whitehead, 2009). 

Results

Survey Effort
Survey effort consisted of 578 h over 125 d between 
October 2003 and August 2005 (Table 2). A total 
of 132 surveys were conducted in the Marlborough 
Sounds, with QCS receiving the greatest survey 
effort and consequently the most bottlenose 
dolphin sightings in comparison to other regions. 
However, sighting rates (defined as the number 
of sightings/h of search effort) revealed a similar 
sighting rate for QCS and AB, and a slightly lower 
sighting rate for PS in comparison (Table 2). 

Photo-Identification Effort
Photo-identification was conducted during 40 sur-
veys between 2003 and 2005, resulting in 21 h of 
photographic effort. Five additional opportunistic 

encounters (T. Markowitz & G. de Tezanos-Pinto, 
unpub. data) between 2003 and 2004 added fur-
ther data which are included within the present 
analyses.

Group Dynamics
Group size and composition were examined for 
45 independent groups encountered between 
2003 and 2005. Group size ranged from 3 to 172 
individuals (median = 12, SD = 38, ± SE = 0.84), 
with most groups (n = 34) encountered contain-
ing ≥ 11 animals (Figure 2). Group composition 
revealed 83% (± SE = 1.63) of the individuals 
encountered in groups were deemed adults, with 
a remaining 17% categorised as either juveniles 
(10%, ± SE = 0.80) or calves (7%, ± SE = 1.26) 
(Figure 3). 

Abundance Estimates 
Overall, 1,443 quality photographs obtained from 
80 independent dolphin groups occurring between 
1992 and 2005 were used to develop a digitized 
photo-identification catalogue resulting in 335 
uniquely marked individuals (Figure 4).

Abundance estimates calculated for 1992 to 
2005 and from 2003 to 2005 were similar (Table 
3), suggesting an annual population size of 184 (± 
SE = 8.4) marked individuals, with an interannual 
migration rate of 25% (± SE = 0.02%). An 87% (± 
SD = 5.9) mark rate for mature animals indicated 
an annual population estimate of 211 (95% CI = 
195 to 232) dolphins occurring in the Marlborough 
Sounds. Based on AIC values, mortality was 
selected as the most appropriate model. This open 
population model estimates the maximum likeli-
hood for the population size while accounting for 
both immigration and emigration.

Site Fidelity 
A total of 160 catalogued individuals (n = 335, 
47%) were resighted during more than 1 y, several 
(n = 18) of which span over 5 y (Figure 5). The 
average number of photographic recaptures per 
individual was four, with 13 individuals resighted 
over 10 mo. Individual I44 (Aurbie) was first 
documented in 1995 in QCS and subsequently 
resighted 14 times during different months in 
all regions of the Marlborough Sounds (QCS, 
PS, and AB) over a 10-y period. Approximately 

Table 2. Number of bottlenose dolphin sightings and effort for each area surveyed in the Marlborough Sounds, New Zealand, 
from 2003 to 2005.

Area No. of surveys No. of sightings % of sightings Effort (h) % of effort Sightings rate

QCS 82 30 66.7 354 61 0.08
PS 25 8 17.8 141 21 0.05
AB 25 7 15.5 83 18 0.08



	 

one-third of resighted individuals (n = 91, 27%) 
were sighted in more than 3 y (Figure 5). 

A significant difference was evident in the 
observed vs expected resight rate (χ2 = 306.44, df 
= 9, p < 0.000) (Figure 6). The Poisson-generated 

values revealed that a high number of individuals 
were photographed only once (n = 56) compared 
to the expected value (n = 14), and a high number 
of individuals were photographed more than 7 
times (n = 22) compared to the expected value 
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Figure 2 . Est imat ed group sizes of  bot t lenose dolphins (T. t runcat us)  based 

on minimum phot o-ident if icat ion and f ield count s for 2003 t o 2005 in t he 

Marlborough Sounds, New Zealand. Group size ranged f rom 3 t o 172 

individuals (median = 12, SD = 38.0) , wit h most  groups (n = 19) 

encount ered cont aining 11-15 dolphins. 
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Figure 2. Estimated group size of bottlenose dolphins based on minimum photo-identification and field counts for 2003 to 
2005 in the Marlborough Sounds, New Zealand; group size ranged from 3 to 172 individuals (median = 12, SD = 38.0), with 
most groups (n = 34) encountered containing ≥11 dolphins.

 
 

 

 

Figure 3. Group size and composition for groups (n = 45) of bottlenose dolphins encountered from 2003 to 2005 presented by season and 

ordered by group size. Note: Each bar = one observation. 
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Figure 3. Group size and composition for groups (n = 45) of bottlenose dolphins encountered from 2003 to 2005 presented 
by season and ordered by group size. Note: Each bar = one observation.
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(n = 17). Where the observed values exceeded 
the expected value (≥ 7), an individual’s use of 
the Marlborough Sounds region was considered 
to be more frequent than others and, thus, these 
individuals were classified as frequent users. Of 
the 56 individuals photographed only once, 51.7% 
(n = 29) were first captured in 2005, with 48.3% 
(n = 14) of those first identified in the last month 
of the study. 

Lagged Identification Rates
Lagged identification rates (LIRs) revealed 
individuals were sighted multiple times in the 
Marlborough Sounds over a 4-y period. The best-
fit model for the LIR within the study area was 
the Emigration + Reimmigration Model (QAIC 
= 4,074.35) (Figure 7). Seventy-four of the 234 
identified individuals used in this analysis spent 
an average of 7 d in the Marlborough Sounds 
before leaving for 11 d (Table 4). 
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Figure 4 .   Discovery curve showing number of  marked bot t lenose 

dolphins (T. t runcat us)  (n = 335) ident if ied bet ween 1992 and 2005.  
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Figure 4. Discovery curve showing number of marked bottlenose dolphins (n = 335) identified between 1992 and 2005.

Table 3. Bootstrapped (n = 100) SOCPROG Model results for 1992 to 2005 (n = 335 individuals, 11 sampling periods) and 
2003 to 2005 (n = 234 individuals, three samplings periods) for bottlenose dolphins observed in the Marlborough Sounds, 
New Zealand.

Model
Est. pop. 

size ± SE 95% CI

Est.  
mortality 

rate ± SE 95% CI
Log  

likelihood AIC value

1992-2005
Closed Schnabel 377 9.8 364-404 -- -- -- -577.8973 1,117.7945
Mortality 184 8.4 170-202 0.25 0.02 0.20-0.30 -408.3306 820.6613
Mortality + Trend 183 77.9 134-335 0.25 0.07 0.10-0.28 -408.2685 822.5375

2003-2005
Closed Schnabel 243 4.8 237-255 -- -- -- -139.7271 281.4542
Mortality 184 7.8 173-205 0.24 0.04 0.13-0.32 -129.9202 263.8404
Mortality + Trend 184 9.0 172-206 0.24 0.06 0.08-0.29 -130.0152 266.0304



	 

Movement Patterns
Transition probabilities for movements between 
all areas within the Marlborough Sounds and an 
undefined external area within 1 d were estimated 
with corresponding standard errors (Table 5). 
Movement from AB to PS and from PS to QCS 
followed a linear (W to E) pattern with respect to 
the geographic layout of the region (see Figure 
1). Movements from QCS to other areas were 

nonlinear, with movements to AB being higher 
than movements to PS. Pelorus Sound, which is 
located between AB and QCS, showed higher 
probabilities of movement to QCS and outer areas 
(areas outside the Marlborough Sounds) than 
movements to AB. Movements from the outer 
areas back into the study site were higher for AB 
than PS or QCS. 

 

 
Figure 6.  Observed vs expected Poisson distribution of the number of resights for individual bottlenose dolphins in the Marlborough Sounds, 

New Zealand from 2003 to 2005. Note: Frequent users are shown by the horizontal bar. 
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Figure 5 .   Number of  uniquely marked adult  bot t lenose dolphins (T. 

t runcat us)  in t he Marlborough Sounds versus t he number of  years 

phot ographed bet ween 1992 and 2005. 
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Figure 5. Number of uniquely marked adult bottlenose dolphins in the Marlborough Sounds vs the number of years 
photographed between 1992 and 2005.

Frequent Users Frequent users

Number of resights

Figure 6. Observed vs expected Poisson distribution of the number of resights for individual bottlenose dolphins in the 
Marlborough Sounds, New Zealand, from 2003 to 2005. Note: Frequent users are shown by the horizontal bar. 
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Discussion

Group Sizes
Group sizes in the Marlborough Sounds were con-
siderably larger than those previously reported for 
other Tursiops populations. Twenty-one percent of 
groups encountered in the Marlborough Sounds 
contained ≥ 81 individuals. One group consisted of 
at least 172 animals as determined by the number of 
unique photo-identifications achieved. This number 
is unusually high for bottlenose dolphins inhabit-
ing nearshore coastal environments (e.g., Baird 
et al., 2001 [range = 1 to 16, median = 6]; Hubard 
et al., 2004 [range = 1 to 50, median = 4]; Bearzi, 
2005 [range = 1 to 57, mean = 10.1]; Speakman 
et al., 2006 [range = 1 to 60, mean = 7.81]). Few 
studies report mean group sizes higher than 15 in 
bottlenose dolphins (e.g., Saayman & Tayler, 1973 
[range = 3 to 1,000, mean = 140.3]; Defran & 
Weller, 1999 [range = 2 to 90, mean = 19.8]); like-
wise, even fewer report group size ranges similar to 
those detailed here for the Marlborough Sounds. 

In New Zealand, groups encountered in the 
Bay of Islands ranged from 2 to 50 (median = 8 
to 12) (Constantine, 2002). This is smaller than 
groups encountered in the Marlborough Sounds. 
However, the median group size reported in the 
Bay of Islands (Constantine, 2002) is similar to the 
median group size observed in the Marlborough 
Sounds (median = 12). Group sizes in Doubtful 
Sound ranged from 2 to 60 (mean = 26.7). 
Differences in group size between the three popu-
lations might be related to the topography of the 
differing habitats. Lusseau et al. (2003) suggest 
that basic oceanographic factors such as isolated 
regions, sea surface temperatures, and depth could 
influence bottlenose dolphin social organization in 
Doubtful Sound. Hence, these factors might also 
influence group size. Differences in habitats may 
be a contributing factor in the occurrence of large 
group sizes in the Marlborough Sounds popula-
tion. However, many factors such as prey avail-
ability, openness of habitat, and predation have 
been reported to influence group size in bottlenose 

Figure 7. Lagged identification rates (LIRs) for all individual bottlenose dolphins sighted in the Marlborough Sounds, New 
Zealand, between 2003 and 2005; graph depicts the probability that a dolphin photographed at time “0” will be identified again 
at time x within the study area. Data points are represented as circles and the best-fit model (Emigration + Reimmigration) 
is displayed as the dark line.



	 

dolphins (Shane et al., 1986; Würsig, 1986; Wells 
et al., 1987; Smolker et al., 1992). Thus, results 
presented here are more likely to be driven by a 
combination of influences rather than just the size 
and structure of the Marlborough Sounds alone.

Population Estimates and Site Fidelity
Photo-identification indicates that at least 385 
individuals used the Marlborough Sounds region 
between 1992 and 2005. A total of 211 (95% CI 
= 195 to 232) individuals visited the region annu-
ally, with a relatively high interannual migration 
rate of 25%. This suggests that the bottlenose dol-
phins found in these waters likely form part of a 
larger population that frequent the northern coast 
of the South Island, New Zealand, a hypothesis 
further supported by the absence of a plateau in 
the discovery curve. Data also reveal that at least 
a proportion (42%) of the population exhibit site 
fidelity to the Marlborough Sounds. Increases 
in the discovery curve between 1992 and 2002 
represent elevated opportunistic encounters by 
researchers working in this region. By 2005, the 
discovery curve was still on an incline, with 21 
new individuals added to the catalogue in the final 
month of fieldwork. This indicates further photo-
identification effort is still required within these 
waters.

In comparison to other bottlenose dolphins 
studied in New Zealand, Marlborough Sounds 
animals are most similar to the Bay of Islands 
population in regards to the proportion of marked 
individuals (81.5%), estimated abundance (n = 
446), and year-round occurrence (Constantine, 

2002). However, Bay of Islands bottlenose dol-
phins were initially classified as a closed popu-
lation (Constantine, 2002), although recent evi-
dence now indicates these animals range further 
along the northeast coast than previously reported 
(Berghan et al., 2008). The Doubtful Sound popu-
lation is closed, yet considerably smaller, compris-
ing only 56 individuals (Currey et al., 2007) that 
exhibit site fidelity (Schneider, 1999). Long-term 
site fidelity (up to 5 y) was observed in a small 
number of individuals (n = 18) occupying the 
Marlborough Sounds. The mark rate in Doubtful 
Sound bottlenose dolphins differed considerably 
from that reported here, with 20% fewer marked 
individuals. A higher proportion of marked adults 
in the Marlborough Sounds may reflect the exten-
sive anthropogenic activities that occur in these 
waters compared with Doubtful Sound. 

LIRs for 74 individual bottlenose dolphins 
within the Marlborough Sounds were consistent 
over a 4-y period. This corresponds with the 
individuals noted as having high site fidelity from 
the Poisson distribution (Figure 6). 

Movement Patterns
Movement probabilities suggest rapid move-
ment between all areas. However, standard errors 
were high, and survey effort was elevated in QCS. 
Therefore, movement patterns are likely under-
represented for other areas. Nonetheless, the 
Marlborough Sounds appear to be an important part 
of this population’s home range, with individuals 
migrating in and out every 7 d. It remains unknown 
where the dolphins go during the estimated 11 d 

Table 4. Models fit to LIRs for bottlenose dolphins observed within the Marlborough Sounds, New Zealand; residence times 
and movements between the regions and outside areas for all individuals between 2003 and 2005 (n = estimated population 
size in study area). * Marks the model fitted to the LIR graph.

Model
Maximum-likelihood value for 

parameters QAIC value
Summed log  

likelihood

Closed  (1/a1) n = 177 14,490.9293 -20,913.0769
Emigration/Mortality (1/a1)*exp(-td/a2) n = 161 14,486.7170 -20,904.1114
*Emigration + Reimmigration n = 74 14,450.1525 -20,848.4557
(1/a1)*((1/a3)+(1/a2)*exp(-(1/a3+1/a2)*td))/(1/a3+1/a2) mean residence time in = 7.6 d

mean residence time out = 11.6 d

Table 5. Probabilities of individual bottlenose dolphins moving between Queen Charlotte Sound (QCS), Pelorus Sound (PS), 
Admiralty Bay (AB), and areas outside the Marlborough Sounds (OUT) within 1 d (± SE).

To 
From

QCS PS AB OUT

QCS -- 0.00 (0.03) 0.03 (0.01) 0.00 (0.02)
PS 0.32 (0.07) -- 0.00 (0.11) 0.23 (0.10)
AB 0.00 (0.08) 0.27 (0.09) -- 0.08 (0.03)
OUT 0.00 (0.07) 0.01 (0.12) 0.04 (0.13) --
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that they are absent from the region, although 
anecdotal evidence suggests bottlenose dolphins 
occur in the Abel Tasman National Park and off the 
southern coast of the North Island. Such movement 
patterns appear feasible given that bottlenose dol-
phins in the Bay of Islands reportedly travel up to 
240 km south to the Hauraki Gulf over a period of 
days (Berghan et al., 2008). This markedly differs 
from the bottlenose dolphins in Doubtful Sound 
that appear locally resident within a small (40.3 km) 
area (Schneider, 1999; Lusseau, 2003). However, 
due to the expanse of the Marlborough Sounds, it 
is also equally possible that dolphins are missed as 
they simply move into an adjacent sound.

Marlborough Sounds bottlenose dolphins appear 
to use the region as only one section of a much 
larger home range, with movements likely to extend 
at least 80 km out of the area. Movements between 
the different sounds show individuals regularly 
transverse distances of 200 km. Potential explana-
tions for such movements may include declines in 
prey availability (Davey et al., 2008) or anthropo-
genic disturbance. The lower sighting rate observed 
in PS may reflect the sheer expanse of this sound 
(290 km2) in comparison to the other surveyed 
regions. An alternative hypothesis involves the dis-
placement of bottlenose dolphins in this region as 
a result of elevated aquaculture activity. Chinnock 
salmon (Oncorhynchus tschawytscha) and green-
lipped mussel (Perna canaliculus) farms are pres-
ent in all of the sounds, although they are more 
prominent in PS. The presence of oyster aquacul-
ture facilities in Shark Bay, Australia, is known to 
adversely affect bottlenose dolphins (T. aduncus) 
by displacing mother/calf pairs (Watson-Capps & 
Mann, 2005). Fish farm sea cages of gilthead sea-
bream (Sparus auratus) have also been found to 
alter the foraging behavior of bottlenose dolphins 
in the eastern Ionian Sea (Bearzi et al., 2004). In 
New Zealand, dusky dolphins (Lagenorhynchus 
obscurus) in the Marlborough Sounds appear to 
be restricted in the use of their wintering area by 
the green-lipped mussel farm industry (Markowitz 
et al., 2004). Extensive aquaculture and industrial 
activities operating within this region clearly war-
rant the need for robust demographic data for all 
marine mammal populations within these waters. 
While valuable first insights into a virtually unstud-
ied bottlenose dolphin population are offered here, 
future photo-identification must involve cross com-
parisons between the Bay of Islands, Hauraki Gulf, 
and Doubtful Sound catalogues if the entire range 
of this population is to be determined.

Acknowledgments

The authors thank Les and Zoe Battersby, Ingrid 
Visser, Gabriela de Tezanos-Pinto, and Wendy 

Markowitz for contributing photographs used in 
the presented analysis. Additional thanks are owed 
to the Department of Conservation (Marlborough 
Conservancy), Mark Orams, Haley Gullery, 
Hannah Russell, Monique Van Rensburg, and all 
the research volunteers who assisted in the field. 
This research was supported by Sir Peter Blake 
Trust Bursary, Port Marlborough, Rock Steady 
Incorporated, Marlborough Sounds Restorative 
Trust, Power Boat Centre, Stabi Craft, Lowrance 
Electronics, and Safety at Sea.

Literature Cited

Akaike, H. (1973). Maximum likelihood identification 
of Gaussian autoregressive moving average models. 
Biometrika, 60, 255-265.

Araabi, B. N., Kehtarnavaz, N., McKinney, T., Hillman, 
G. R., & Würsig, B. (2000). A string matching 
computer-assisted system for dolphin photo-identifica-
tion. Annals of Biomedical Engineering, 28, 1269-1272.

Baird, R. W., Gorgone, A. M., Ligon, A. D., & Hooker, 
S. K. (2001). Mark-recapture abundance estimate of 
bottlenose dolphins (Tursiops truncatus) around Maui 
and Lana’i, Hawai’i, during the winter of 2000/2001. 
(Report prepared under Contract #40JGNF0-00262). 
La Jolla, CA: Southwest Fisheries Science Center, 
National Marine Fisheries Service. 

Bearzi, G., Quondam, F., & Politi, E. (2004). Bottlenose 
dolphins foraging alongside fish farm cages in east-
ern Ionian Sea coastal waters. European Research on 
Cetaceans, 15, 292-293.

Bearzi, M. (2005). Aspects of the ecology and behaviour 
of bottlenose dolphins (Tursiops truncatus) in Santa 
Monica Bay, California. Journal of Cetacean Research 
and Management, 7, 75-83.

Bejder, L., Dawson, S. M., & Harraway, J. A. (1999). 
Responses by Hector’s dolphins to boats and swim-
mers in Porpoise Bay, New Zealand. Marine Mammal 
Science, 15, 738-750.

Berghan, J., Algie, K., Stockin, K. A., Wiseman, N., 
Constantine, R., Tezanos-Pinto, G., et al. (2008). 
A preliminary photo-identification study of bottle-
nose dolphins (Tursiops truncatus) in Hauraki Gulf, 
New Zealand. New Zealand Journal of Marine and 
Freshwater Research, 42, 465-472.

Constantine, R. (2002). The behavioural ecology of the bot-
tlenose dolphins (Tursiops truncatus) of Northeastern 
New Zealand: A population exposed to tourism. 
Unpublished Ph.D. thesis, The University of Auckland, 
Auckland, New Zealand. 

Currey, R. J., Dawson, S. M., & Slooten, E. (2007). New 
abundance estimates suggest Doubtful Sound bottlenose 
dolphins are declining. Pacific Conservation Biology, 
13, 265-273.

Davey, N. K., Hartill, B., Cairney, D. G., & Cole, R. G. 
(2008). Characterisation of the Marlborough Sounds 
recreational fishery and associated blue cod and snapper 



	 

harvest estimates (New Zealand Fisheries Assessment 
Report ISSN 1175-1584). Wellington, New Zealand: 
Ministry of Fisheries.

Defran, R. H., & Weller, D. W. (1999). The occurrence, 
distribution and site fidelity of bottlenose dolphins 
(Tursiops truncatus) in San Diego, California. Marine 
Mammal Science, 15, 366-380.

Gowans, S., Whitehead, H., Arch, J. K., & Hooker, S. K. 
(2000). Population size and residency patterns of north-
ern bottlenose whales (Hyperoodon ampullatus) using 
the Gully, Nova Scotia. Journal of Cetacean Research 
and Management, 2, 201-210.

Heath, R. A. (1974). Physical oceanographic observa-
tions in Marlborough Sounds, New Zealand. Journal of 
Marine and Freshwater Research, 8, 691-708.

Hillman, G. R., Würsig, B., Gailey, G. A., Kehtarnavaz, 
N., Drobyshevsky, A., Araabi, B. N., et al. (2003). 
Computer-assisted photo-identification of individual 
marine vertebrates: A multi-species system. Aquatic 
Mammals, 29(1), 117-123.

Hubard, C. W., Maze-Foley, K., Mullin, K. D., & Schroeder, 
W. W. (2004). Seasonal abundance and site fidelity of 
bottlenose dolphins (Tursiops truncatus) in Mississippi 
Sound. Aquatic Mammals, 30(2), 299-310.

Lusseau, D. (2002). The effects of tourism activities 
on bottlenose dolphins (Tursiops sp.) in Fiordland, 
New Zealand. Unpublished Ph.D. thesis, The University 
of Otago, Dunedin, New Zealand.

Lusseau, D. (2003). Effects of tour boats on the behavior 
of bottlenose dolphins: Using Markov chains to model 
anthropogenic impacts. Conservation Biology, 17, 
1785-1793.

Lusseau, D., Schneider, K., Boisseau, O. J., Haase, P., 
Slooten, E., & Dawson, S. M. (2003). The bottlenose 
dolphin community of Doubtful Sound features a large 
proportion of long-lasting associations. Behaviour 
Ecology Sociobiology, 54, 396-405.

Mann, J. C. (1999). Behavioral sampling methods for ceta-
ceans: A review and critique. Marine Mammal Science, 
15, 102-122.

Mann, J. C., & Smuts, B. B. (1998). Natal attraction: 
Allomaternal care and mother-infant separations in wild 
bottlenose dolphins. Animal Behaviour, 55, 1097-1113.

Mann, J. C., Connor, R. C., Tyack, P. L., & Whitehead, H. 
(2000). Cetacean societies. Chicago: The University of 
Chicago Press.

Markowitz, T. M., Harlin, A. D., & Würsig, B. (2003). 
Digital photo-identification improves efficiency of indi-
vidual dolphin identification. Marine Mammal Science, 
19, 217-223.

Markowitz, T. M., Harlin, A. D., Würsig, B., & McFadden, 
C. J. (2004). Dusky dolphin foraging habitat: Overlap 
with aquaculture in New Zealand. Aquatic Conservation: 
Marine and Freshwater Ecosystems, 14, 133-149.

Mourão, F. (2006). Patterns of association among bottle-
nose dolphins in the Bay of Islands, New Zealand. 
Unpublished M.Sc. thesis, The University of Auckland, 
Auckland, New Zealand.

Potton, C. (1986). The story of Marlborough Sounds 
Maritime Park. Nelson-Marlborough, South Island, 
New Zealand: Marlborough Sounds Maritime Park 
Board, Cobb/Horwood Publications.

Reeves, R. R., Stewart B. S., Clapham, P. J., & Powell, J. A. 
(2002). Ocean dolphins. In R. R. Reeves, B. S. Stewart, 
P. J. Clapham & J. A. Powell (Eds.), National Audobon 
Society guide to marine mammals (pp. 326-451). 
New York: Alfred A. Knopf. 527 pp.

Saayman, G. S., & Tayler, C. K. (1973). Social organisation 
of inshore dolphins (Tursiops aduncus and Sousa) in the 
Indian Ocean. Journal of Mammalogy, 54, 993-996.

Schneider, K. (1999). Behaviour and ecology of bottlenose 
dolphins in Doubtful Sound, Fiordland, New Zealand. 
Unpublished Ph.D. thesis, University of Otago, Dunedin, 
New Zealand.

Shane, S. H., Wells, R. S., & Würsig, B. (1986). Ecology, 
behavior and social organization of the bottlenose dol-
phin: A review. Marine Mammal Science, 2, 34-63.

Slooten, E., Dawson, S. M., & Lad, F. (1992). Survival rates 
of photographically identified Hector dolphins from 
1984 to 1988. Marine Mammal Science, 8, 327-343.

Smolker, R. A., Richards, A. E., Connor, R. C., & Pepper, 
J. W. (1992). Sex differences in patterns of associations 
among Indian Ocean bottlenose dolphins. Behaviour, 
123, 38-69.

Speakman, T., Zolman, E., Adams, J., Defran, R. H., Laska, 
D., Schwacke, L., et al. (2006). Temporal and spatial 
aspects of bottlenose dolphin occurrence in coastal 
and estuarine waters near Charleston, South Carolina 
(NOAA Technical Memorandum, NOS NCCOS 37). 
Charleston, SC: Center for Coastal Environmental 
Health and Biomolecular Research. 

Tezanos-Pinto, G., Baker, S., Russell, K., Martin, K., Baird, 
R. W., Hutt, A., et al. (2009). A worldwide perspective 
on the population structure and genetic diversity of bot-
tlenose dolphins (Tursiops truncatus) in New Zealand. 
Journal of Heredity, 100, 11-24.

Watson-Capps, J., & Mann, J. C. (2005). The effects 
of aquaculture on bottlenose dolphin (Tursiops sp.) 
ranging in Shark Bay, Western Australia. Biological 
Conservation, 124, 519-526.

Wells, R. S., Scott, M. D., & Irvine, A. B. (1987). The 
social structure of free-ranging bottlenose dolphins. In 
H. Genoways (Ed.), Current mammalogy (Vol. 1, pp. 
247-305). New York: Plenum Press.

Whitehead, H. (2009). SOCPROG programs: Analyzing 
animal social structures. Behavioral Ecology and 
Sociobiology, 63, 765-778.

Williams, J. A. (1992). The abundance and distribution of 
bottlenose dolphins (Tursiops truncatus) in Doubtful 
Sound. Unpublished M.Sc. thesis, The University of 
Otago, Dunedin, New Zealand.

Würsig, B. (1986). Delphinid foraging strategies. In 
R. J. Schusterman, J. A. Thomas, & F. G. Wood 
(Eds.), Dolphin cognition and behavior: A compara-
tive approach (pp. 347-359). Hillsdale, NJ: Lawrence 
Erlbaum Associates.



522 Merriman et al.

Würsig, B., & Jefferson, T. A. (1990). Methods of photo-
identification for small cetaceans. In P. S. Hammond, 
S. A. Mizroch, & G. P. Donovan (Eds.), Individual rec-
ognition of cetaceans: Use of photo-identification and 
other techniques to estimate population parameters 
(pp. 43-52). Cambridge, MA: International Whaling 
Commission. 

Zar, J. H. (1996). Biostatistical analysis (3rd ed.). Upper 
Saddle River, NJ: Prentice Hall.




