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Abstract

Reproductive data can provide important infor-
mation for the conservation and management
of threatened animals. The small resident Indo-
Pacific humpback dolphin (Sousa chinensis)
population in Xiamen Bay is threatened by fre-
quent exposure to anthropogenic activities, and its
reproductive ecology is still unknown. Based on
photo-identification data collected from August
2010 to August 2015, the present study tracked 13
reproductive females and 19 of their calves and
estimated the reproductive data. Births occurred
all year round but were mainly concentrated in
spring and summer; the annual crude birth rate
was 0.053 + 0.025, and the annual recruitment
rate was 0.028 + 0.024; the calf survival rate to
1 year old was 0.600 + 0.392; and females had a
long inter-birth interval (4.27 + 1.06 y). All these
factors may be due to intense extrinsic anthro-
pogenic disturbances (such as busy vessel traf-
fic and coastal construction). In addition to these
substantial extrinsic pressures, the low birth rate,
low calf survival rate, and long inter-birth inter-
val of humpback dolphins would further intrin-
sically preclude the sustainable survival of this
population.
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Introduction

Assessing the population dynamics and viabil-
ity of threatened mammals is essential as it pro-
vides the fundamental knowledge required to set
up frameworks for conservation management.

Estimating and analyzing demographic parame-
ters for these assessments, including reproductive
data, require studies based on the identification
and observation of individual animals. However,
reproductive studies based on individual animals
are challenging to conduct on wild dolphins as
these animals are wide-ranging, deep diving, and
fast moving (Mann & Karniski, 2017). It is also
difficult to observe female dolphins giving birth
in field surveys. To obtain accurate reproductive
data, extended periods of systematic fieldwork
should be undertaken. These require extensive
investment of time, effort, and finances (Hayes &
Schradin, 2017). Given the above conditions, most
researchers tend to study reproductive details only
on resident dolphin populations in a certain area
where data are either collected from stranded or
bycaught carcasses (Addink et al., 1997; Calzada
et al., 2010), through photo-identification sam-
pling (Herzing, 1997; Steiner & Bossley, 2008),
or by using both methods over the same period
(McFee et al., 2014; Chivers et al., 2016).

The Indo-Pacific humpback dolphin (Sousa
chinensis; hereafter referred as “humpback
dolphin”) is widely distributed in coastal and
inshore waters ranging from the eastern Indian
Ocean to the western Pacific Ocean (Jefferson
& Smith, 2016). In China, this species occurs
along the southeastern coast in locations such
as Xiamen Bay (Liu & Huang, 2000), the east-
ern Taiwan Strait (Wang et al., 2007), Shantou
waters (Chen et al., 2009), the Pearl River Estuary
(including Hong Kong waters) (Jefferson, 2000;
Karczmarski et al., 2016), Zhanjiang waters (Xu
et al., 2015), the Beibu Gulf (Chen et al., 2016),
and the southwestern Hainan coastal waters (Li
et al., 2016). Humpback dolphins prefer inshore
habitats with a water depth shallower than 30 m
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and, therefore, are often exposed to intense human
activity (Jefferson & Smith, 2016).

The humpback dolphin population in Xiamen
Bay is known to be a small resident population, iso-
lated from neighboring populations along the eastern
Taiwan Strait (Wang et al., 2016b) and in Shantou
waters (unpub. data). The Xiamen Bay humpback
dolphin population size was reported as 72 individu-
als between 2007 and 2010 (Chen et al., 2018), while
it was estimated as 64 individuals by a mark-recap-
ture analysis based on a photo-identification catalog
collected between 2010 and 2015 (Zeng et al., 2020).
Apart from population size estimation, studies have
also been carried out to explore the echolocation
characteristics (Niu et al., 2012), social organization
(Wang et al., 2015), seasonal group size (Wang et al.,
2016a), and habitat use (Wang et al., 2017) of this
population. Nevertheless, the reproductive details of
this threatened dolphin population are still not well
understood.

The present study reports several reproduc-
tive details for this population, including inter-
birth interval, calving seasonality, crude birth rate,
recruitment rate, and calf survival rate, using the
same photo-identification data collected through

boat-based surveys between 2010 and 2015.
Additionally, stranded carcass records were col-
lected along the coast of the entire Xiamen Bay over
the same period as supporting data. Assessment of
these data will facilitate a better understanding of the
reproductive ecology of this population and empha-
size the urgency of effective conservation and man-
agement measures to protect this population.

Methods

Study Area

The study area covered the entire Xiamen Bay,
including waters inside the Kinmen-Tatan—
Wuyu island chain, with a total area of 750 km?
(Figure 1). To ensure our survey effort was evenly
distributed, the study area was further divided
into four subregions — West Harbor—Jiulong River
Estuary subregion, Wuyu subregion, Dadeng sub-
region, and Tongan Bay subregion—and survey
routes were standardized in each subregion
(Figure 1); each route could be covered by the
survey boat within one day. Seasons were distin-
guished based on local climate characteristics as
follows: spring (March to May), summer (June
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Figure 1. Map of Xiamen Bay. Gray broken lines show the borders of the four subregions, and dotted lines show the

standardized survey routes.
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to August), autumn (September to November),
and winter (December to February) (Wang et al.,
2016a).

Field Data Collection

Monthly boat-based surveys were conducted from
August 2010 to August 2015. During the study
period, each subregion was covered in at least
one day’s effort every month in principle. The
surveys were conducted on days with a Beaufort
Sea state < 3, using a 13-m wooden boat powered
by a 50-hp speed (10 to 15 kts) following stan-
dardized routes. Searches for dolphins were made
using the unaided eye and with 7 x 50 binoculars.
Two observers, standing on each side of the boat,
were assigned to search for dolphins, and a data
recorder, sitting in the middle of the boat, was
assigned to record data. Detailed survey proce-
dures are described in Wang et al. (2015).

Once a dolphin or dolphin group was sighted,
the sighting location was recorded. Then, the
boat approached the dolphin(s) from the side at a
speed of less than 5 kts. Photographs of each dol-
phin’s dorsal fin and upper body were taken by the
observers with at least two cameras equipped with
100-400 mm lenses. The recorded data included the
time, location, water depth, dolphin group size, and
behavior. Each dolphin or dolphin group encoun-
tered was tracked for a minimum of 20 min to ensure
both sides of all individuals were photographed for
identification. When photographic sampling was
finished, the boat continued the survey route from
the point of encounter and patrolled until the route
in the subregion was fully covered.

Photo-Identification Analysis

All collected images were processed and cataloged
using the photo-identification data management
software Discovery (Gailey & Karczmarski, 2012).
Images were scored from O to 100 according to
quality, including exposure, focus, and the angle of

the dolphin to the camera. Only images with scores
above 60 were used for identification. Individuals
were identified according to distinctive and perma-
nent characteristics on their dorsal fin region such
as notches and pigmentation (Wiirsig & Wiirsig,
1977; Wiirsig & Jefferson, 1990). Juvenile hump-
back dolphins that were young and thus did not bear
permanent characteristics were identified according
to temporary marks on their dorsal fin region such
as tooth rakes, notches, or unusual pigmentation.
Individually identified adults who were observed
to accompany a calf during two or more subse-
quent and independent encounters were assumed
to be mothers (Bezamat et al., 2019). Calves were
defined as small and black or gray dolphins (see
relevant body length and color descriptions in
Table 1) closely associated with an adult, regard-
less of the calf’s age (Wells & Scott, 1990; Chang
et al., 2016). Neonates were very small (approxi-
mately 1 m— 1/3 of adult body length), newly born
(less than 1 mo old) calves and were identified by
the presence of apparent fetal folds and their char-
acteristic head-out swimming style (Cockcroft &
Ross, 1990; Jefferson et al., 2012). As calves rarely
exhibited persistent marks, and because they lacked
spots, they were tracked by their consistent associa-
tion with a particular adult (the presumed mother).
Temporary marks on the calves’ dorsal fin regions
also assisted in re-identification. A mother—calf pair
was defined as two dolphins, a presumed mother
and a calf, swimming in close proximity to each
other in the echelon position during each survey
(Grellier et al., 2003; Noren & Edwards, 2011).
The birth month of each calf was estimated ret-
rospectively based on the external appearance of
the calf and its inferred age at its first sighting. To
infer the age of each calf at its first sighting, char-
acteristics of body size, coloration, and the pres-
ence of fetal folds were considered (Table 1). The
last sighting date of the mother without a calf was
also considered to narrow the inferred age range.

Table 1. Definitions of Indo-Pacific humpback dolphin (Sousa chinensis) calf age classes less than ~1 y old in the present
study (based on experience during field observations and descriptions in Jefferson et al. [2012], modified from Table 2 in

Chang et al. [2016])

Age class of calf Description

< 1 mo, neonate

Approximately 1/3 of adult body length, dark gray or black in color, with clear fetal folds, a clearly

discernible cranium, and with characteristic head-out swimming style

Approximately 2/5 of adult body length, dark gray in color, with obvious fetal-fold marks, and a

1-2 mo

slightly wrinkled body shape posterior to the blowhole
3-5mo Approximately 1/2 of adult body length, dark gray in color, with weak fetal-fold marks
6-10 mo

marks

More than 1/2 but less than 2/3 of adult body length, grayish in color, without obvious fetal-fold

~ly At least 3/4 of adult body length, light gray in color, with dorsal ridge not yet well defined
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When analyzing calving seasonality, only calves
which were first sighted at less than 6 mo old were
included.

The minimum age of humpback dolphins at
weaning was 3 y according to Guo et al. (2020);
therefore, if a presumed mother was sighted with-
out her calf before the calf had reached 3 y on two
or more subsequent independent encounters, the
calf was assumed to be deceased. Furthermore,
calf carcasses found along the coasts of Xiamen
Bay were recorded, and only those that were con-
sidered not to be calves from the identified moth-
ers, based on mother—calf pair tracking records
and the date carcasses were found, and that were
estimated as less than 6 mo old when they died,
were included in the subsequent analysis.

Reproductive Data Analysis

The reproductive details of the Xiamen Bay
humpback dolphin population estimated in the
present study were defined as follows:

(a) The inter-birth interval was defined as the
period between the estimated birth months of
two successive calves of an identified female.
In the present study, only mothers that had
two calves and where both calves were first
sighted at less than 1 y of age were included
in the inter-birth interval analysis.

(b) The annual crude birth rate (CBR) was
defined as the proportion of neonate calves in
the total population in year ¢t (Wells & Scott,
1990; Kogi et al., 2004):

CBR(t) = Tn,t/ (7:;!+ Tzr)

where T.. referred to the total number of neo-
nates in year ¢, 7., referred to the total number
of calves (equal to the number of mother—calf
pairs, including 7%.) in year ¢, and T, referred
to the total number of noncalves in year 7.

(¢) The annual recruitment rate (RR) was calcu-
lated as follows (Wells & Scott, 1990; Kogi
et al., 2004):
RR(I) = TYI,I / (7:1 + T - Tn,t)
where T referred to the number of calves
that were born in year ¢ and survived to at
least 1 y old after birth.

(d) The calf survival rate to the age of 1 (1i.) was
calculated as follows:

ll,r = Tnl,r/ Tn,r

Statistical analyses were carried out using SPSS,
Version 13.0, software. The parameters (b), (c),
and (d) are presented as weighted means + stan-
dard deviation (SD), and other data are repre-
sented as means + SD.

Results

Data for the photo-identification analysis were
collected on 252 d through boat-based surveys
from August 2010 to August 2015, and survey
days were nearly evenly distributed between each
month (Table 4). The number of newly identified
individuals increased greatly in the first year and
gradually slowed down in the second year, sug-
gesting that the photo-identification effort did not
cover the whole resident population at the begin-
ning of the study. Nevertheless, most of the pre-
sumed mothers were sighted and identified before
2012, with the exception of individual XMO063,
which was first sighted in the middle of 2012
(Table 2).

Throughout the study period, a total of 166
humpback dolphin sightings were recorded, with
an average group size of 5.45 + 3.32 dolphins
(range = 1 to 16). Seventy-five (45.2%) sightings
contained at least one mother—calf pair, with an
average of 1.31 + 1.28 pairs per group (range =
1 to 6). A total of 13 mothers were reliably iden-
tified, while 19 calves from these 13 mothers
were also identified (Table 2). Of those 13 iden-
tified mothers, six (46.2%) were sighted with
their second calf, and four (cataloged as XMO006,
XMO018, XM034, and XM037) were sighted with
both of their calves individually when each calf
was less than 1 y old; the inter-birth intervals for
these four mothers were 5.83, 4.00, 3.50, and
3.75 y, respectively, with an average interval of
427+1.06y.

Of the 19 calves observed, seven (36.8%) were
born before the beginning of the study period, and
12 (63.2%) were born during the study period
(Table 3). Of these 19 calves, two were assumed
to have died before they reached their second year,
and another calf’s fate remains unknown: this calf
was first sighted at approximately 3 y old in 2012
but was not subsequently sighted alone or with
its mother (XMO063) (Table 3). Apart from the 19
calves which were sighted and tracked in the field
surveys, four neonate carcasses were recorded
and considered not to be calves from the 13 iden-
tified mothers, based on analysis of mother—calf
pair tracking records and the date carcasses were
found between 2010 and 2015 (Table 3). Based
on the analysis of 11 calves observed with reli-
able birth month estimates and four neonate car-
casses from unknown mothers, we found that
calving took place throughout all seasons, but the
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Table 2. Sightings of reproductive humpback dolphin females (ID# = individual photo-identification catalog number) and
their calves from August 2010 to August 2015 in Xiamen Bay, including sightings of females without a calf (marked with a

“--) and their first (C1) or second (C2) calves

ID# 2010 2011 2012 2013 2014 2015
XMO001 - Cl1 Cl1 Cl1 Cl --
XMO006 Cl1 C1 Cl1 Cl1 -- Cc2
XMO013 - -- - -- -- C1
XMO014 Cl1 C1 Cl1 Cl1 c2 --
XMO18 - C1 Cl1 Cl Cl C2
XMO021 -- -- Cl1 Cl C1 Cl1
XMO025 -- - -- Cl -- --
XM026 C1 Cl1 Cl1 Cl C1 Cl1
XMO031 Cl1 Cl1 Cl Cl -- --
XM034 C1 Cl1 -- c2 Cc2 C2
XMO037 -- Cl Cl Cl -- C2
XMO043 Cl1 Cl Cl+C2 Cc2 Cc2
XMO063 Cl -- -- *

*The female cataloged as XM063 was found dead in March 2015 while pregnant.

Table 3. The birth circumstances and fates of all observed and recorded humpback dolphin calves until the end of the present

study (August 2015) in Xiamen Bay

Number of Still with Assumed or Fate
Calf’s circumstances total calves mother Weaned confirmed dead  unknown
Calves from known mothers born before 5 0 4 0 1
January 2010
Calves from known mothers born between 2 1 1 0 0
January 2010 and July 2010
Calves from known mothers born between 12 7 3 2 0
August 2010 and August 2015
Calves from unknown mothers born 4 0 0 4 0

between January 2010 and August 2015
(based on carcass records)

majority of births (73.3%) occurred during spring
and summer (Figure 2).

The number of calves born per year ranged
from one to five (Table 4), with an average of at
least 3.00 = 1.41 calves born per year (n = 6 y).
The mean annual crude birth rate (CBR) from
2010 to 2015 was 0.057 + 0.026 (n = 6 y). Since
we only carried out surveys for 4 mo in 2010, and
the incomplete coverage of the dolphin population
in 2010 may lead to biased results, the estimates

of 2010 were excluded from the following calcula-
tions. Therefore, the population had a mean annual
CBR 0of 0.053 £0.025 (n=5y). As the calves born
in 2015 had not reached 1 y of age at the end of the
study, the recruitment rate (RR) and the calf sur-
vival rate to age 1 for 2015 could not be calculated.
The mean annual RR from 2011 to 2014 was 0.028
+ 0.024 (n = 4 y), with a range from 0 to 0.064
(Table 4). The mean calf survival rate to age 1 from
2011 to 2014 was 0.600 £ 0.392 (n =4y).
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Figure 2. Estimated number of births in different seasons of 15 Indo-Pacific humpback dolphin (Sousa chinensis) calves
between 2010 and 2015 (including 11 calves from known mothers and four calf carcasses from unknown mothers)

Table 4. Annual reproductive data of the humpback dolphin from 2010 to 2015 in Xiamen Bay. The number of photographic

sampling survey days is indicated for each year.

Parameters 2010 2011 2012 2013 2014 2015
Number of neonates, 7. 3° 4* 2 3° 1 5°
Number of calves that survive to age 1, Tu. 2 3 2 1 0 <4
Number of noncalves, 7. 28 41 46 47 50 51

Number of calves (mother—calf pairs), 7. 5 9 10 11 7 8

Number of total individuals, T, + T 34" 51° 56 59" 57 60°
Crude birth rate, CBR(?), T / (Tis + T.) 0.088 0.078 0.036 0.051 0.018 0.083
Recruitment rate, RR(t), Tuii / (Tis + Toi - Tor) 0.065 0.064 0.037 0018 0.000 NA®
Calf survival rate to age 1, T/ T 0.667 0.750 1.000 0.333 0 NA®
Survey days 22 49 52 51 45 33

‘We included one neonate from an unknown mother found dead in the study area.

°Needs further investigation.

Discussion

To the best of our knowledge, the present study is
the first preliminary study into the reproductive
ecology of the Xiamen Bay humpback dolphin.
The reproductive histories established in the present
study suggest that the Xiamen Bay humpback dol-
phin has distinct reproductive characteristics such
as apparent seasonality, long inter-birth interval, and
long maternal care period. Our results indicate that

calving occurred throughout the year in the Xiamen
Bay population, but most births occurred in spring
and summer (from March to August). This is consis-
tent with the results of Liu & Huang (2000) in which
stranded neonates were mainly found from April to
September in Xiamen Bay, and similar to humpback
dolphin calving in Hong Kong waters (Jefferson,
2000). Our results do differ from Xu et al. (2012),
however, as humpback dolphins in Zhanjiang waters
mainly gave birth between August and October.
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Calving seasonality in dolphins is mainly influenced
by sea surface temperature (Henderson et al., 2014),
shifts in food resources related to oceanic productiv-
ity or animal migration (Barros et al., 2004; Romero
etal.,2012), and predation pressure (Fearnbach et al.,
2012). Since there were no predators of humpback
dolphins in Xiamen Bay, it can be concluded that
calving seasonality mainly resulted from the dynam-
ics of both sea surface temperature and changes in
food resources. Female dolphins tend to give birth
when the water temperature is thermally efficient for
calves in order to increase calf survival (Henderson
et al., 2014; Bezamat et al., 2019). Meanwhile, a
seasonal increase in sea surface temperature triggers
high oceanic productivity and the migration of prey
animals, making food resources more accessible
(Barros et al.,2004; Romero et al.,2012; Chang et al.,
2016). In Xiamen Bay, fishes such as Collichthys
lucidus, Coilia mystus, and Johnius belangerii are
known prey for humpback dolphins. These spe-
cies spawn nearshore in spring and shift southward
and eastward into deeper waters in summer (Huang
et al., 2010), thus providing ample food for hump-
back dolphins. Easy access to food resources helps
females to meet the energetic requirements of lac-
tation (Lockyer, 2007; Rechsteiner et al., 2013). As
such, exact seasonal timing is important for calving
in humpback dolphins.

Reproductive female humpback dolphins in
Xiamen Bay had a longer inter-birth interval (mean
=427 £+ 1.06 y) when compared to humpback dol-
phins in the eastern Taiwan Strait (3.26 y; Chang
et al., 2016) and to Indian Ocean humpback dol-
phins (Sousa plumbea) in Algoa Bay, South Africa
(~3 y; Karczmarski, 1999), but shorter than that of
humpback dolphins in Hong Kong waters (~5 y;
Jefferson et al., 2012). Since only four females were
included when calculating the mean inter-birth inter-
val in the present study, the sample size might not be
large enough to represent all reproductive females.
However, females which were observed to give
birth to only one calf during this 5-y study had a
long maternal care period, mostly longer than 4 y. In
the future, an investigation including more samples
might result in a longer inter-birth interval than the
current result. Giving birth and subsequent calf-car-
ing are high-energy costs; long inter-birth intervals
and long maternal care periods might suggest that
dolphin mothers put more effort into reproductive
output (Altmann & Samuels, 1992; Miketa et al.,
2018) or that mothers are too old to have continuous
and frequent births (Robinson et al., 2017). Among
the 13 mothers tracked in the present study, 11 were
young adults with spotting at the speckled stage
and, thus, likely between 10 and 20 y old based on
the descriptions of Jefferson et al. (2012) and Guo
et al. (2020). Therefore, the long inter-birth intervals
and maternal care periods likely resulted from these

females putting more effort into their reproductive
output. Xiamen and Hong Kong are both well-
developed port cities, with neighboring waters often
disturbed by fishing, shipping, dredging, and other
human activities (Jefferson et al., 2012). It is pos-
sible that dolphin mothers in Xiamen Bay and Hong
Kong waters have to invest more energy to avoid
potential dangers from human activities during nurs-
ing. They may also have to give more care to their
calves because of impacts from these activities and,
therefore, have extended their inter-birth intervals
and maternal care periods to protect their offspring.

The annual CBR of the Xiamen Bay popula-
tion fluctuated widely, which could either be a
result of births that may have gone unnoticed or
could reflect the true reproductive characteristics.
To minimize bias from unrecorded and missing
calves, the calf carcasses from unknown mothers
were recorded and included as supporting data.
As the Xiamen government conducted extensive
public education for humpback dolphin protec-
tion in local communities and established a well-
developed stranding monitoring network along
Xiamen Bay, most stranding events, either dead
or alive, should be located and could offer reli-
able stranding records. Although the annual CBR
varied widely (0.018 to 0.083), the mean estimate
(0.053 + 0.025) was slightly higher than that of
humpback dolphins in the eastern Taiwan Strait
(0.046; Chang et al., 2016). However, the means
of the annual CBR from Xiamen Bay and the east-
ern Taiwan Strait were both lower than the CBRs
of bottlenose dolphins (Tursiops aduncus) that
reside in Adelaide, Australia (Steiner & Bossley,
2008); Shannon Bay, Ireland (Baker et al., 2017);
and Laguna, Brazil (Bezamat et al., 2019). The
annual RR varied widely in the Xiamen Bay
population compared to that in the eastern Taiwan
Strait (Chang et al., 2016) or that in Algoa Bay
(Karczmarski, 1999), which may be related to our
short study period and limited samplings. As such,
investigations with extended periods and more
study effort are required in the future.

The mean calf survival rate to age 1 of the
Xiamen Bay population (0.600 + 0.392) was
slightly lower than that of the Hong Kong popula-
tion (0.61; Jefferson et al., 2012) and that of the
population in the eastern Taiwan Strait (0.667;
Chang et al., 2016). Calf survival of the Xiamen
Bay humpback dolphins is mainly affected by
birth timing, the mother’s reproductive output,
and human activities. As mentioned above, a
proper seasonal birth timing and higher maternal
reproductive output will increase calf survival.
Anthropogenic influence is another major con-
cern that affects calf survival. Humpback dol-
phins in Xiamen Bay face anthropogenic threats
from underwater noise (Wang et al., 2003), busy
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vessel traffic (Chen et al., 2011), habitat degrada-
tion (Wang et al., 2017), and fishing entanglement
(Wang et al., 2018). The above human activities
would either cause direct trauma to the calves
(e.g., one calf carcass recorded during the study
period had a broken jaw that could have been
caused by a ship collision) or they could affect
calves through the constant exposure to negative
stressors (e.g., noise disturbance from a series of
coastal constructions as noise disturbance may be
more detrimental to young animals).

The Xiamen Bay humpback dolphins are highly
threatened. As an isolated population containing
fewer than 100 individuals, it is extremely vulner-
able to extinction (Thompson et al., 2000; Traill
et al., 2007). Furthermore, anthropogenic threats
represent substantial extrinsic pressures on this
dolphin population (Liu & Huang, 2000; Chen
et al., 2011). Our findings indicate that the current
reproductive characteristics of these Xiamen Bay
humpback dolphins, such as low birth rate, low calf
survival rate, and long inter-birth interval, would
further intrinsically preclude the sustainable sur-
vival of this population. To increase calf survival
and reduce the energetic costs of dolphin mothers in
Xiamen Bay, we suggest that (1) vessel traffic and
fishing activities should be strictly managed during
the major calving season (spring and summer);
(2) intensity of coastal construction and relevant
underwater blasting activities should be reduced to
the minimum during the major calving season; and
(3) if construction projects must be implemented
during the major calving season, the environmental
impacts of each coastal construction project should
be carefully assessed and more effort should be
made to deter dolphins from construction areas.
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