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Fig. 6. (a) Behaviour of Australian humpback dolphins sighted in the surveys

during Period 3 (2014-2016). (b) Modelled probability of foraging. (c) Modelled

probability of travelling. In (b) and (c), the red lines denote the 50 % isolines of
the utilisation distribution of each behavioural state

Both ENMs and UDs indicated a pronounced shift
away from the landward margins of Bramble Bay be-
tween Period 1 (1992-1999) and Period 2 (2003-
2011), which was maintained throughout Period 3
(2012-2016). Both the ENMs and UDs also indicated
a shift away from Deception Bay from Period 2 to
Period 3. The most plausible explanation for these
results was a localised decline in the availability of
food resources for humpback dolphins (predomi-
nantly fish, Parra & Jedensjo 2014) associated with
habitat degradation, high nutrient loads and sedi-
mentation that have been well documented in Bram-
ble Bay and Deception Bay (Kirkman 1978, Abal et

al. 1998, Pressland et al. 1998, O'Brien
et al. 2012, Adams et al. 2016). Long-
water residence times coupled with
historical degradation of the catch-
ments to Bramble and Deception Bay
(Pine and Caboolture Rivers) manifests
in pronounced and long-lasting effects
of periodic floods on the northwestern
side of Moreton Bay (Stephenson et al.
1977, O'Brien et al. 2012, Coates-
Marnane et al. 2016). Environmental
monitoring data are not available for
Period 1, but from 2000 to 2014, an Eco-
system Health Monitoring Program
(www.ehmp.org/) ranked Bramble Bay
as having severe to medium impacts,
and Deception Bay as poor to showing
signs of recovery in 2014 (Table S3
in Supplement 4 at www.int-res.com/
articles/suppl/m603p227_supp.pdf).
Similarly, a recent study has described
a major expansion of muddy sediments
in the areas adjacent to the Caboolture
River (Deception Bay) and Pine River
(Bramble Bay) relative to an earlier sur-
veyin 1970 (Lockington etal. 2017). No
long-term fish monitoring data in the
area are available, but the results of a
recent survey indicated that fish com-
munities were less abundant and less
diverse on the northwestern side of the
Bay compared with the central and
eastern sides of the Bay (Gilby et al.
2016).

Humpback dolphins are known to
associate with trawlers in Moreton
Bay to feed on trawler discards (Cork-
eron 1990), but in spite of a major
reduction in overall trawling effort
from 1999 to 2008 (Courtney et al.
2012) trawling remains widespread over the area
(e.g. Courtney et al. 2016). A change in the spatial
distribution of trawling effort is therefore unlikely to
have explained the shift in distribution of humpback
dolphins. However, it is possible that provisioning in
the form of illegal hand-feeding of humpback dol-
phins has influenced the fine-scale distribution of
dolphins at Amity Point, where it has occurred inter-
mittently since at least the early 2000s (McPhee 2017,
P. Corkeron, pers. comm.).

While the models detected a contraction of core
habitat out of the Brisbane River towards the Port of
Brisbane after Period 1, the lower estuary continued
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to be used throughout the study period. This was
despite major flooding events in Periods 1 and 2, and
poor water quality since monitoring commenced in
2000 (Table S3 in Supplement 4). The Brisbane River
has the largest catchment in Moreton Bay and has
historically supported diverse and abundant marine
invertebrate and fish communities (Davie & Hooper
1998), in addition to local beam trawl and net fish-
eries. Thus, the continued use of the Port of Brisbane
and lower Brisbane River estuary by humpback dol-
phins across the 25 yr period indicates that this area
continues to produce predictable food resources in
spite of habitat change. However, there has been no
long-term monitoring of fish communities to assess
whether food availability in the area has changed
over the study period.

The extent to which long-term site fidelity to the
Port of Brisbane site may also be influenced by
philopatry or social dynamics is unclear, and would
require multigenerational longitudinal studies. How-
ever, there are indications from several studies that
Australian humpback dolphins exhibit strong site
fidelity (Parra et al. 2006a, Cagnazzi et al. 2011, Hunt
et al. 2017) and low migration rates (<10 %, Brown et
al. 2014). Furthermore recent genetic studies along
the east coast of Queensland indicate that dispersal
in both male and female humpback dolphins is lim-
ited, and that Moreton Bay represents a putative
population with limited gene flow to the nearest pop-
ulation in the Great Sandy Strait (Parra et al. 2018).

Social structure may play a role in shaping habitat
use in Moreton Bay, as has been found in Moreton
Bay with Indo-Pacific bottlenose dolphins (Ansmann
et al. 2015). Recent results from photoidentification
surveys from 2014-2016 suggest 5 distinct social
communities of humpback dolphins (E. R. Hawkins et
al. unpubl. data). Two of these communities in partic-
ular had comparatively little spatial overlap with the
others, the first occurring mainly in northern More-
ton Bay near Bribie Island and the other near Amity
at North Stradbroke Island. Interestingly, the analy-
sis of UDs in our study area indicated an increased
presence of dolphins at Amity in Periods 2 and 3, and
at Bribie Island in Period 3 (Figs. 2 & 3). However, we
suspect that was the result of the earlier surveys
missing these dolphin groups, rather than dolphins
not using these particular areas, because dolphins
were known to use the Amity area regularly during
Period 1 (Van Parijs et al. 2002) and more search
effort occurred around Bribie Island in Period 3 than
in the earlier periods (Figs. S3 to S5 in Supplement 1).
Notably, this was not a shortcoming of the ENMs,
which indicated both areas had suitable habitat in all

periods (Fig. 4). This was perhaps unsurprising given
that ENMs are known for their ability to predict
cetacean habitat suitability in areas where there is
limited survey coverage (Breen et al. 2017, Gomez et
al. 2017).

Long-term changes in ecological niches?

In our study, the ecological niche modelling indi-
cated that the depth of the mouth of the Brisbane
River estuary was more suitable for humpback dol-
phins than the mouths of the other main estuaries in
Moreton Bay. Dredging has maintained the shipping
channel at the Port of Brisbane since 1862 (http://
portbris.com.au, accessed 21 March 2017), and may
have hence played a role in maintaining a habitat
preferred by humpback dolphins. Water depth and
the physical features associated with water depth
(such as distance to channels) are important habitat
attributes for Australian (Parra et al. 2006a), Indian
Ocean (Karczmarski et al. 2000, Koper et al. 2016)
and Indo-Pacific Sousa chinensis humpback dolphins
(Hung 2008, Ross et al. 2010, Dares et al. 2017).

Even though depth played an important role in
defining the ecological niche of dolphins across all
periods in our study, there was a notable shift in the
importance of predictor variables of dolphin distribu-
tion between Periods 1 and 2. Distance from rivers
had a much stronger influence on the ecological
niche in Period 1 than in the latter periods, correspon-
ding to the shift of core habitat away from the north-
western side of the bay (where the major river catch-
ments are) to the centre of the bay. Conversely,
distance from reefs became comparatively more im-
portant in Periods 2 and 3, which was largely because
the reefs around Mud Island and Peel Island (Fig. 1)
were used consistently across the 3 periods. Mud Is-
land, Peel Island and other inshore reefs in Moreton
Bay support diverse fish communities (Olds et al.
2012) and represent a stable and predictable food re-
source. The shift in the importance in some predictor
variables of ecological niches across time periods
suggests niche conservatism may not be as strong in
this population as we predicted. It also suggests a de-
gree of habitat flexibility that is probably not surpris-
ing given that the species is known to respond oppor-
tunistically to food sources such as trawler discards
(Corkeron 1990, Parra 2006, Cagnazzi 2011).

The focus of the ecological niche modelling in our
study was on biophysical habitat features that were
stable across the time period, but numerous other
habitat and environmental attributes are likely to
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play a role in defining the realised niche of hump-
back dolphins in Moreton Bay, such as water clarity,
prey availability, predators, temperature and compe-
tition with Indo-Pacific bottlenose dolphins (Cork-
eron 1990). Future ENMs from humpback dolphin
could be improved by accounting for dynamic habi-
tat features and interspecific interactions.

Potential implications for long-term population
persistence in Moreton Bay

The ENMs indicated a 23 % decline in the area of
suitable habitat over the study period (640.4 km? to
496.2 km?). Despite this decline, there was no strong
evidence to suggest a corresponding decrease in the
population given the relatively large confidence
intervals around each of the abundance estimates
available (1984-1987: 119-163 adults, 95% CI: 81—
251, Corkeron et al. 1997; 2014-2016: 128-139; 95%
CI: 67-274, J. J. Meager & E. R. Hawkins, unpubl.
data). Yet, the observed long-term site fidelity of
humpback dolphins to the Port of Brisbane could
have consequences for their health and survival in
this area. The Brisbane River and the central western
side of Moreton Bay is where the highest concentra-
tions of persistent bioaccumulative contaminants
occur, both in the environment (Hermanussen et al.
2004, Shaw et al. 2004, Hermanussen 2009) and in
marine fauna (Kayal & Connell 1995, Shaw et al.
2004, Hermanussen et al. 2006, Matthews et al.
2008). Although levels of contaminants in free-rang-
ing dolphins in the area remain unquantified, con-
centrations of PCBs and DDTs in blubber of hump-
back dolphins that stranded dead in the central
western areas of Moreton Bay were at levels near or
above toxicological thresholds associated with popu-
lation declines in other cetaceans (Weijs et al. 2016).
As a large urbanized port, interactions with vessels
and exposure to pathogens may also pose risks in the
area (Van Parijs & Corkeron 2001, Bowater et al.
2003, Parra & Cagnazzi 2016).

Long-term fidelity in an area with known risks
could suggest the potential for an ‘ecological trap’
(sensu Kokko & Sutherland 2001, Battin 2004)
whereby dolphins persist in using a site despite habi-
tat degradation. This is consistent with several studies
on a sibling species, the Indo-Pacific humpback dol-
phin, which continues to inhabit areas in spite of habi-
tat degradation or disturbance (Wursig et al. 2016,
Dares et al. 2017), and a contraction of the population
in the Pearl River Delta was associated with habitat
loss (Lin et al. 2016, Karczmarski et al. 2017b). How-

ever, we are not able to determine whether or not the
Port of Brisbane is functioning as an ecological trap
without further investigation, and in particular, longi-
tudinal studies of the health, site fidelity and repro-
ductive performance of individual dolphins.

CONCLUSIONS

Our results suggested that habitat use and site
fidelity over a 25 yr time series varied with habitat
function, and implied an interplay between site
fidelity and flexible responses to local resource vari-
ability. From the perspective of ecological niches, the
results also suggested a level of niche flexibility in
humpback dolphins. Although aspects of bathymetry
had markedly similar influences on ENMs across the
study period, the role of other predictors such as dis-
tance from rivers or distance from inshore reefs was
more variable between periods.

These results have consequences for conservation
management of humpback dolphins and for prioritis-
ing resources. The presence of localised core habitat
areas that are used consistently over long time peri-
ods suggests that they are obvious candidates for
focused conservation management. However, pro-
tecting habitat integrity across the broader area de-
lineated by the ecological niche of the species may
be an effective way to safeguard against future envi-
ronmental change. The optimal allocation of conser-
vation resources to support the long-term persistence
of humpback dolphin populations would therefore
have elements of both strategies. More generally, our
results illustrate how historical changes in dolphin
distribution can inform contemporary conservation
management and underscore the need for a long-
term approach to dolphin research.
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