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Group size is important to both communication from boat-based visual surveys (Li et al., 2016). 
and social dynamics for many marine mammal Information on social behavior of this newly docu-
species (Connor, 2000; Silk, 2007). Thus, group mented population remains insufficient. Observers’ 
size estimation is essential to the research of counts (i.e., on-site observations) and photo-iden-
marine mammal behavior (Gygax, 2002a; Gowans tification (photo-ID) are techniques used to esti-
et al., 2007). Humpback dolphins (Sousa spp.) are mate delphinid group size that have been applied to 
small odontocetes widely distributed in the west- humpback dolphins (e.g., Chen et al., 2010, 2018; 
ern Pacific, Indian, and eastern Atlantic Oceans Dares et al., 2014; Jutapruet et al., 2015; Xu et al., 
(Jefferson & Curry, 2015). Recent taxonomic 2015; Wang et al., 2016a, 2016b). Still, group size 
revision shows the existence of at least four spe- estimates from these two approaches have not been 
cies in the genus Sousa: Indo-Pacific humpback adequately compared. Therefore, in this study, we 
dolphin (S. chinensis), Australian humpback dol- carried out boat-based surveys and built two datasets 
phin (S. sahulensis), Indian Ocean humpback dol- for humpback dolphins: (1) in situ counts of group 
phin (S. plumbea), and Atlantic humpback dolphin size from observers on small boats and (2) photo-ID 
(S. teuszii) (Jefferson & Rosenbaum, 2014). These estimates of group size based on qualified photos 
four species are well-known as obligate, shallow- taken from boats but analyzed in the laboratory.
water delphinids that inhabit water generally no Although large-sized groups have been docu-
more than 20 km from the coastline and at depths mented for some populations of humpback dol-
no deeper than 30 m (Parra & Ross, 2009; Jefferson phins, it is not common for Sousa spp. (Parsons, 
& Curry, 2015). Humpback dolphins have been 2004; Würsig et al., 2016). Therefore, we sum-
commonly observed in small groups with a mean marized the known reports of mean group size of 
size of no more than 10 (Würsig et al., 2016). In Indo-Pacific humpback dolphins as background 
some regions, a substantial proportion (~10 to for our data to provide context for our observa-
40%) of humpback dolphin groups was found as tions of humpback dolphins documented in rare 
solitary animals or in pairs (Parsons, 1998, 2004). large-sized groups. In this short note, we present 
Furthermore, humpback dolphins in large-sized (1) baseline data on group size estimates of hump-
groups of more than 50 individuals have rarely back dolphins around the SW Hainan Island and 
been reported (Baldwin et al., 2004; Smith et al., (2) potential factors that might influence the group 
2008). size estimation of these animals.

The population of Indo-Pacific humpback dol- Boat-based visual surveys were carried out 
phins southwest of Hainan Island (SW Hainan), monthly from April 2014 to June 2019 around the 
China, was documented for the first time in 2014 by SW Hainan Island, China (Figure 1A). A sighting 
a questionnaire-based interview survey with local was defined as an observation of a single individual 
fishermen (Liu et al., 2017; Lin et al., 2019) and or a group of humpback dolphins (Li et al., 2016). 
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Figure 1. Map of study area: (A) the waters southwest of Hainan Island, China (SW Hainan; enclosed black dash line: survey 
area; grey tracks: survey routes) and (B) sighting locations of Indo-Pacific humpback dolphins (Sousa chinensis) from April 
2014 to June 2019 (black five-pointed star: the sighting on 6 September 2015; black triangle: the sighting on 2 December 
2018; grey dots: other sightings).

A group referred to any aggregation of humpback estimates, we searched databases (Web of Science, 
dolphins (including solitary or more) in an observ- Science Direct, ProQuest, Google Scholar, and 
er’s effective field of view (Karczmarski, 1999). CNKI) using the following key words: “Sousa,” 
During each observation, group members were “humpback dolphin,” or “hump-backed dolphin” 
documented to be either socially (engaged in simi- and “group,” “group size,” “group characteristics,” 
lar behaviors) or spatially (within 200 m of each “group dynamics,” “social dynamics,” “school 
other) associated (Baird & Dill, 1996; Wang et al., size,” “pod size,” “population,” “abundance,” or 
2016a). Our survey method was based on Kinzey “behavior.” In total, 105 relevant publications 
et al. (2000) and was described in detail by Li (journal papers, technical reports, and theses) were 
et al. (2016). For each sighted group, we recorded gathered; and 111 available records on hump-
observers’ counts, including minimum, maximum, back dolphin group size estimates were extracted 
and best estimates of group size (Jefferson, 2000). (Table S1; this supplementary table is available in 
To minimize variance and bias, only the best esti- the Supplemental Material section on the Aquatic 
mate was used for analysis (Gerrodette et al., 2002). Mammals website: https://www.aquaticmammals 

When possible, we took high-quality digital journal.org/index.php?option=com_content& 
photos, targeting both lateral sides of each animal, view=article&id=10&Itemid=147). From these 
using an Olympus EM-1 camera (Olympus, Fuji references, details on geographic distribution of 
Film, Japan) with 150- or 300-mm fixed-focus lens humpback dolphins were examined.
(1.5× amplifier) or a Canon 7D Mark II camera During the 6-y study period, we sighted 47 
(Canon, Tokyo, Japan) with 100- to 400-mm zoom humpback dolphin groups (see sighting loca-
lens. Post-survey, we scored all photos based on the tions in Figure 1B). The total surveyed area was 
visibility, size, and orientation of the animal in the 3,319 km2 with 15,548 km of surveyed routes 
frame; image clarity; and contrast (scores ranged (Figure 1A). From the 47 sighted groups, we had 
from 20 to 100 on a 100-point scale). Only photos observers’ counts for 45 groups and photo-ID 
with scores ≥ 60 were used for dolphin photo-ID estimates for 30 groups. Our group size data indi-
(Fearnbach et al., 2012). For each group, dolphins cated that observers’ counts (12.9 ± 10.1; n = 45; 
were individually identified based on natural or range of 1 to 40) were 25% smaller than photo-ID 
non-natural marks on/around their dorsal fins; estimates (17.2 ± 18.2; n = 30; range of 1 to 84); 
thus, we could estimate the size of each group (i.e., however, the variances were so large that statisti-
the number of identified dolphins in each group; cal analysis did not support a difference between 
Jutapruet et al., 2015; Wang et al., 2016b, 2018). the two approaches (Mann-Whitney U test, Z = 

To place our observations into the context of -0.590, p = 0.555). The histogram distributions 
the literature on humpback dolphin group size of group sizes based on these two measurements 
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Figure 2. Histogram distribution of group size estimates 
from (A) observers and (B) photo-ID of Indo-Pacific 
humpback dolphins sighted around the SW Hainan Island 
during surveys performed between April 2014 and June 
2019

were right-skewed, suggesting that most samples 
(42 of 45 observers’ counts; 25 of 30 photo-ID 
estimates) were less than 30, and more than half 
of the group sizes (27 of 45 observers’ counts; 
17 of 30 photo-ID estimates) were less than 15 
(Figure  2A & B). Two large-sized groups (N ≥ 
50 individuals) were documented during photo-
ID analyses: one group (N = 59 individuals) was 
sighted on 6 September 2015, while the other (N = 
84 individuals) was sighted on 2 December 2018 
(Figures 1B & 2B).

It is challenging to precisely measure the size 
of dolphin groups (Scott et al., 1985; Gerrodette 
et  al., 2019). In situ counts, even by experi-
enced observers, may include considerable bias 
(Gerrodette et al., 2002). In this study, no statis-
tical difference was found between observers’ 
counts and photo-ID estimates, while mean group 
size from observers’ counts was smaller than the 
value from photo-ID estimates. The occasional 
occurrence of dolphin groups in large sizes might 
increase both mean group size and standard devia-
tion (Figure 2A & B); however, even if we remove 
the two large-sized groups (59 and 84 individu-
als) from our photo-ID dataset, the mean group 
size based on the remaining sampled groups (13.4 
± 10.5; n = 28; range of 1 to 38) was still larger 
than observers’ counts, suggesting there was an 
inherent difference in these two group size esti-
mate approaches. This finding was consistent 
with methodological differences observed in pre-
vious studies in the Eastern Taiwan Strait (Dares 
et al., 2014; Dungan et al., 2016), northern Beibu 

Gulf (Wang et al., 2013; Yan, 2016), and Xiamen 
Bay (Wang et  al., 2016a; Chen et  al., 2018). If 
we compare data obtained from the same region, 
mean group size from observers’ counts was typi-
cally smaller than the value based on photo-ID 
estimates (Table 1). The Pearl River Estuary was 
the only place where mean dolphin group size 
from observers’ counts was slightly larger than 
the value from photo-ID estimates (Dungan et al., 
2012; Würsig et al., 2016; Li et al., 2019), which 
may be due to differences and limitations of the 
survey areas among published studies.

Compared with observers’ counts, photo-ID 
estimates often lead to larger mean group sizes for 
humpback dolphins (Table 1). This finding was 
similar to Gerrodette et al.’s (2019) study as they 
found that most observers tended to underestimate 
dolphin group sizes, and this tendency of under-
estimation increased with group size. Gerrodette 
et  al. established a large dataset for comparison 
(2,435 group size observers’ counts and photo-ID 
estimates of six oceanic dolphin species), while 
nearshore species like humpback dolphins were 
not included. Therefore, increasing the number 
of quantitative group size observations across a 
wider geographic region could offer more infor-
mation from which to examine comparative data 
on humpback dolphin group sizes such as those 
presented in this short note. In addition, although 
photo-ID appears to be a much more credible way 
to estimate humpback dolphin group sizes, photo-
ID estimates are still likely to underestimate 
humpback dolphin group sizes because it is not 
always possible to identify all individuals in each 
observed group with photographic gear. Thus, 
observers’ counts and photo-ID estimates should 
be used together for more precise group size esti-
mation (Scott et al., 1985; Gerrodette et al., 2002).

Notably, the mean humpback dolphin group 
size around the SW Hainan Island was larger than 
values reported for many other regions (Table 1), 
although our data were slightly smaller than group 
sizes along the Chennai coast, Bangladesh (mean: 
20; Muralidharan, 2013); in Kuching Bay (18 ± 
13.33, mean ± SD; Poh et  al., 2016); and in the 
northern Bay of Bengal, Bangladesh (16.2 ± 21.9, 
mean ± SD; Smith et  al., 2008) (Table 1). These 
differences may be due partly to small sample sizes 
(Chennai coast: n = 4, Kuching Bay: n = 16, and 
northern Bay of Bengal: n = 6). The reported geo-
graphic variation in humpback dolphin group sizes 
is likely an intraspecific trade-off between ben-
efits and costs of being in a group (Gygax, 2002b; 
Gowans, 2019). Previous studies reported that vari-
ous factors influenced dolphin group sizes (Parsons, 
2004; Parra et al., 2011; Würsig et al., 2016), with 
social dynamics in coastal dolphins varying across 
space, time, and behaviors, especially as a result 
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Table 1. Geographic variation in mean group sizes (mean ± SD, range, and number of sampled groups) of Indo-Pacific 
humpback dolphins (Sousa chinensis) in previous studies; NA = not available.

Region

Group size estimates, mean ± SD
(range; number of sampled groups)

ReferencesObservers’ counts Photo-ID estimates

Chennai coast, Bangladesh 20 (10-30; n = 4) -- Muralidharan, 2013

Cowie Bay, Sabah, Malaysia 2 (1-4) -- Jaaman, 2006

Donsak, Thailand -- 4.7 ± 3.4 (1-18; n = 89) Jutapruet et al., 2015

Eastern Taiwan Strait, China 6.2 ± 5.9 (1-31; n = 221) 7.6 ± 5.9 (1-31) Dares et al., 2014;  
Dungan et al., 2016

Jambongan, Sabah, Malaysia NA (2-6) -- Jaaman et al., 1997

Khanom, Thailand -- NA (2-20; n = 39) Jaroensutasinee et al., 2011

Koh Kong Bay, Cambodia 6 ± 2.87 (2-8; n = 4) -- Beasley & Davidson, 2007

Kuching Bay, Malaysia -- 18 ± 13.33 (7-45; n = 16) Poh et al., 2016

Leizhou Bay, China -- 8.12 ± 5.85 (1-35; n = 611) Xu et al., 2015

Matang and Langkawi, 
Malaysia

NA (3-31; n = 7) -- Hoffman et al., 2015

Ningde, China -- 3.14 ± 5.85 (1-6; n = 7) Wu et al., 2014

Northern Bay of Bengal, 
Bangladesh

16.2 ± 21.9 (2-55; n = 6) -- Smith et al., 2008

Northern Beibu Gulf, China 5.63 (n = 19) 6.45 ± 4.44 (1-22; n = 155) Wang et al., 2013; Yan, 2016

Pearl River Estuary, China 8.0 ± 6.8 (1-30; n = 79) 6.49 (1-33; n = 153) Dungan et al., 2012; Li et al., 2019

Sesayap Delta, Kalimantan, 
Indonesia

NA (6-15) -- Minton et al., 2016

Southwest Hainan, China 12.9 ± 10.1 (1-40; n = 45) 17.2 ± 18.2 (1-84; n = 30) This study

Xiamen Bay, China 5.47 ± 3.11 (1-16; n = 157) 7.2 (n = 76) Wang et al., 2016a;  
Chen et al., 2018

of adaptations to different environments (Gomez- this study, where these two large-sized groups 
Salazar et al., 2012; Sutaria et al., 2019). Generally, were observed might be important feeding or 
humpback dolphins prefer brackish waters associ- breeding grounds for this species (Figure 1B); 
ated with estuarine systems that are isolated from this hypothesis is supported by previous observa-
open waters (Jefferson & Curry, 2015). Such isola- tions in Hong Kong waters that large humpback 
tion leads to low predation pressure (Gowans et al., dolphin groups were associated with feeding 
2007; Sutaria et al., 2019). The larger mean group behind pair trawlers (Dungan et al., 2012; Würsig 
size in our survey area may be due to the absence et al., 2016). Alternatively, in the Arabian region, 
of large estuarine systems in the region (Li et al., groups of more than 50 humpback dolphins were 
2016), and patch prey distribution in variable envi- considered to be temporary breeding aggregations 
ronments may promote increases in group size over (Baldwin et al., 2004).
time (Gowans et al., 2007; Gowans, 2019). To conclude, in this short note, we provide base-

As discussed in other studies, a group size line information on humpback dolphin group sizes 
upper limit could be determined by food avail- around the SW Hainan Island, China, which helps 
ability (Heithaus & Dill, 2002; Bouveroux et al., narrow the information gap on the social behav-
2018). Humpback dolphins were observed in ior of this newly documented population. We also 
groups of ~10; however, they did aggregate in found that observers’ counts might underestimate 
large-sized groups of nearly 100 individuals in mean humpback dolphin group sizes if we com-
some regions (Table S1), and this supports our two pared those values with photo-ID estimates. By 
rare records of large-sized groups (Figure 1B). In using published records for background context, 
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we further pointed out that there might be a meth- Indo-Pacific humpback dolphins (Sousa chinensis) in 
odological difference in these two group size esti- the Pearl River Estuary, China. Mammalia, 74(2), 117-
mate approaches (observers’ counts and photo-ID 126. https://doi.org/10.1515/mamm.2010.024
estimates), as well as presented geographic varia- Connor, R. C. (2000). Group living in whales and dolphins. 
tion in humpback dolphin group sizes. Thus, we In P. L. Tyack, J. Mann, R. C. Connor, & H. Whitehead 
recommend that additional research is warranted (Eds.), Cetacean societies: Field studies of dolphins and 
to better understand how humpback dolphin whales (pp. 199-218). The University of Chicago Press.
group sizes form and how these groups relate to Dares, L. E., Hoffman, J. M., Yang, S. C., & Wang, J. Y. 
the species’ social dynamics geographically. (2014). Habitat characteristics of the critically endan-
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368-374. https://doi.org/10.1578/AM.40.4.2014.368
We are grateful to colleagues and students in Dungan, S. Z., Hung, S. K., Wang, J. Y., & White, B. N. 
the Marine Mammal and Marine Bioacoustics (2012). Two social communities in the Pearl River 
Laboratory. This research was financially supported Estuary population of Indo-Pacific humpback dolphins 
by the Major Science and Technology Project in (Sousa chinensis). Canadian Journal of Zoology, 90(8), 
Hainan province (ZDKJ2016009-1-1), the National 1031-1043. https://doi.org/10.1139/z2012-071
Natural Science Foundation of China (41306169, Dungan, S. Z., Wang, J. Y., Araújo, C. C., Yang, S. C., 
41406182, and 41422604), the Ocean Park & White, B. N. (2016). Social structure in a critically 
Conservation Foundation of Hong Kong (AW02- endangered Indo-Pacific humpback dolphin (Sousa chi-
1920), the Chinese White Dolphin Conservation nensis) population. Aquatic Conservation: Marine and 
Action Project of the Ministry of Agriculture and Freshwater Ecosystems, 26(3), 517-529. https://doi.org/ 
Rural of People’s Republic of China (Y760091HT1), 10.1002/aqc.2562
and the Biodiversity Investigation, Observation and Fearnbach, H., Durban, J., Parsons, K., & Claridge, D. 
Assessment Program of the Ministry of Ecology (2012). Photographic mark-recapture analysis of local 
and Environment of China (2019-2023). The writ- dynamics within an open population of dolphins. 
ing of this short note was supported in part by the Ecological Applications, 22(5), 1689-1700. https://doi.
China–UK Newton Fund PhD Placement from the org/10.1890/12-0021.1
British Council and China Scholarship Council. Gerrodette, T., Perryman, W., & Barlow, J. (2002). Calibrating 

group size estimates of dolphins in the eastern tropical 
Literature Cited Pacific Ocean (Administrative Report 02-08). https://

swfsc.noaa.gov/uploadedFiles/Divisions/PRD/Programs/
Baird, R. W., & Dill, L. M. (1996). Ecological and social ETP_Cetacean_Assessment/LJ_02_08.pdf

determinants of group size in transient killer whales. Gerrodette, T., Perryman, W. L., & Oedekoven, C. S. (2019). 
Behavioral Ecology, 7(4), 408-416. https://doi.org/10. Accuracy and precision of dolphin group size estimates. 
1093/beheco/7.4.408 Marine Mammal Science, 35(1), 22-39. https://doi.org/ 

Baldwin, R. M., Collins, M., Van Waerebeek, K., & Minton, 10.1111/mms.12506
G. (2004). The Indo-Pacific humpback dolphin of the Gomez-Salazar, C., Trujillo, F., & Whitehead, H. (2012). 
Arabian region: A status review. Aquatic Mammals, 30(1), Ecological factors influencing group sizes of river dolphins 
111-124. https://doi.org/10.1578/AM.30.1.2004.111 (Inia geoffrensis and Sotalia fluviatilis). Marine Mammal 

Beasley, I., & Davidson, P. (2007). Conservation status of Science, 28(2), E124-E142. https://doi.org/10.1111/j.1748-
marine mammals in Cambodian waters, including seven 7692.2011.00496.x 
new cetacean records of occurrence. Aquatic Mammals, Gowans, S. (2019). Grouping behaviors of dolphins and 
33(3), 368-379. https://doi.org/10.1578/AM.33.3.2007.368 other toothed whales. In B. Würsig (Ed.), Ethology and 

Bouveroux, T. N., Caputo, M., Froneman, P. W., & Plön, behavioral ecology of odontocetes (pp. 3-24). Springer. 
S. (2018). Largest reported groups for the Indo-Pacific https://doi.org/10.1007/978-3-030-16663-2_1
bottlenose dolphin (Tursiops aduncus) found in Algoa Gowans, S., Würsig, B., & Karczmarski, L. (2007). The social 
Bay, South Africa: Trends and potential drivers. Marine structure and strategies of delphinids: Predictions based on 
Mammal Science, 34(3), 645-665. https://doi.org/10.1111/ an ecological framework. Advances in Marine Biology, 53, 
mms.12471 195-294. https://doi.org/10.1016/S0065-2881(07)53003-8

Chen, B., Gao, H., Jefferson, T. A., Lu, Y., Wang, L., Li, Gygax, L. (2002a). Evolution of group size in the dolphins 
S., Wang, H., Xu, X., & Yang, G. (2018). Survival and porpoises: Interspecific consistency of intraspecific 
rate and population size of Indo-Pacific humpback patterns. Behavioral Ecology, 13(5), 583-590. https://
dolphins (Sousa chinensis) in Xiamen Bay, China. doi.org/10.1093/beheco/13.5.583
Marine Mammal Science, 34(4), 1018-1033. https://doi. Gygax, L. (2002b). Evolution of group size in the super-
org/10.1111/mms.12510 family Delphinoidea (Delphinidae, Phocoenidae and 

Chen, T., Hung, S., Qiu, Y., Jia, X., & Jefferson, T. (2010). Monodontidae): A quantitative comparative analysis. 
Distribution, abundance, and individual movements of 



264 Liu et al.

Mammal Review, 32(4), 295-314. https://doi.org/10.1046/ largest population of humpback dolphins. Aquatic 
j.1365-2907.2002.00114.x Conservation: Marine and Freshwater Ecosystems, 

Heithaus, M. R., & Dill, L. M. (2002). Food availability 29(5), 798-808. https://doi.org/10.1002/aqc.3055
and tiger shark predation risk influence bottlenose dol- Li, S., Lin, M., Xu, X., Xing, L., Zhang, P., Gozlan, R. E., 
phin habitat use. Ecology, 83(2), 480-491. https://doi. Huang, S-L., & Wang, D. (2016). First record of the Indo-
org/10.1890/0012-9658(2002)083[0480:FAATSP]2.0 Pacific humpback dolphins (Sousa chinensis) southwest 
.CO;2 of Hainan Island, China. Marine Biodiversity Records, 

Hoffman, J. M., Ponnampalam, L. S., Araújo, C. C., Wang, 9(1), 3. https://doi.org/10.1186/s41200-016-0005-x
J. Y., Kuit, S. H., & Hung, S. K. (2015). Comparison of Lin, M., Xing, L., Fang, L., Huang, S-L., Yao, C. J., Turvey, 
Indo-Pacific humpback dolphin (Sousa chinensis) whis- S. T., Gozlam, R. E., & Li, S. (2019). Can local ecologi-
tles from two areas of western peninsular Malaysia. The cal knowledge provide meaningful information on coastal 
Journal of the Acoustical Society of America, 138(5), cetacean diversity? A case study from the northern South 
2829-2835. https://doi.org/10.1121/1.4934254 China Sea. Ocean & Coastal Management, 172, 117-127. 

Jaaman, S. A. (2006). Marine mammal distribution and https://doi.org/10.1016/j.ocecoaman.2019.02.004
interactions with fisheries in East Malaysia (PhD thesis). Liu, M., Lin, M., Turvey, S. T., & Li, S. (2017). Fishers’ 
University of Aberdeen, Aberdeen, UK. knowledge as an information source to investigate bycatch 

Jaaman, S. A. B. H., Santos, M. D., Alava, M. N., & of marine mammals in the South China Sea. Animal 
Suliansa, M. S. B. (1997). Preliminary investigation Conservation, 20(2), 182-192. https://doi.org/10.1111/acv. 
of marine mammal distribution, abundance, and inter- 12304
actions with humans in the southern Sulu Sea. Asian Minton, G., Poh, A. N. Z., Peter, C., Porter, L., & Kreb, D. 
Marine Biology, 14, 61-81. (2016). Indo-Pacific humpback dolphins in Borneo: A 

Jaroensutasinee, M., Jutapruet, S., & Jaroensutasinee, K. review of current knowledge with emphasis on Sarawak. 
(2011). Population size of Indo-Pacific humpback dol- Advances in Marine Biology, 73, 141-156. https://doi.
phins (Sousa chinensis) at Khanom, Thailand. Walailak org/10.1016/bs.amb.2015.07.003
Journal of Science and Technology (WJST), 7, 115-126. Muralidharan, R. (2013). Sightings and behavioral observa-

Jefferson, T. A. (2000). Population biology of the Indo- tions of Indo-Pacific humpback dolphins Sousa chinen-
Pacific hump-backed dolphin in Hong Kong waters. sis (Osbeck, 1765) along Chennai coast, Bay of Bengal. 
Wildlife Monographs, 1-65. Journal of Threatened Taxa, 5(15), 5002-5006. https://

Jefferson, T. A., & Curry, B. E. (2015). Humpback dol- doi.org/10.11609/JoTT.o3454.5002-6
phins: A brief introduction to the genus Sousa. Advances Parra, G. J., & Ross, G. J. (2009). Humpback dolphins: 
in Marine Biology, 72, 1-16. https://doi.org/10.1016/bs. S. chinensis and S. teuszii. In W. F. Perrin, B. Würsig, 
amb.2015.04.001 & J. G. M. Thewissen (Eds.), Encyclopedia of marine 

Jefferson, T. A., & Rosenbaum, H. C. (2014). Taxonomic revi- mammals (2nd ed., pp. 576-582). Academic Press.
sion of the humpback dolphins (Sousa spp.), and description Parra, G. J., Corkeron, P. J., & Arnold, P. (2011). Grouping and 
of a new species from Australia. Marine Mammal Science, fission-fusion dynamics in Australian snubfin and Indo-
30(4), 1494-1541. https://doi.org/10.1111/mms.12152 Pacific humpback dolphins. Animal Behaviour, 82(6), 

Jutapruet, S., Huang, S-L., Li, S., Lin, M., Kittiwattanawong, 1423-1433. https://doi.org/10.1016/j.anbehav.2011.09.027
K., & Pradit, S. (2015). Population size and habitat char- Parsons, E. C. M. (1998). Observations of Indo-Pacific hump-
acteristics of the Indo-Pacific humpback dolphin (Sousa backed dolphins in Goa, India. Marine Mammal Science, 
chinensis) off Donsak, Surat Thani, Thailand. Aquatic 14, 166-170. https://doi.org/10.1111/j.1748-7692.1998.tb 
Mammals, 41(2), 129-143. https://doi.org/10.1578/AM. 00702.x
41.2.2015.129 Parsons, E. C. M. (2004). The behavior and ecology of 

Karczmarski, L. (1999). Group dynamics of humpback dol- the Indo-Pacific humpback dolphin (Sousa chinensis). 
phins (Sousa chinensis) in the Algoa Bay region, South Aquatic Mammals, 30(1), 38-55. https://doi.org/10.1578/
Africa. Journal of Zoology, 249(3), 283-293. https://doi. AM.30.1.2004.38
org/10.1111/j.1469-7998.1999.tb00765.x Poh, A. N. Z., Peter, C., Ngeian, J., Tuen, A. A., & Minton, 

Kinzey, D., Olson, P., & Gerrodette, T. (2000). Marine G. (2016). Abundance estimates of Indo-Pacific hump-
mammal data collection procedures on research ship back dolphins (Sousa chinensis) in Kuching Bay, East 
line-transect surveys by the Southwest Fisheries Science Malaysia. Aquatic Mammals, 42(4), 462-465. https://
Center (SWFSC Administrative Report LJ-00-08). doi.org/10.1578/AM.42.4.2016.462
Southwest Fisheries Science Center, National Oceanic Scott, M. D., Perryman, W. L., & Clark, W. G. (1985). The 
and Atmospheric Administration. https://swfsc.noaa.gov/ use of aerial photographs for estimating school sizes of 
uploadedFiles/Divisions/PRD/Projects/Research_Cruises/ cetaceans. Inter-American Tropical Tuna Commission 
Eastern_Tropical_Pacific/STAR/STAR_1999/Line- Bulletin, 18(5), 381-419.
transect_report.pdf Silk, J. B. (2007). The adaptive value of sociality in mam-

Li, M., Wang, X., Hung, S. K., Xu, Y., & Chen, T. (2019). malian groups. Philosophical Transactions of the Royal 
Indo-Pacific humpback dolphins (Sousa chinensis) in the Society of London B: Biological Sciences, 362(1480), 
Moyang River Estuary: The western part of the world’s 539-559. https://doi.org/10.1098/rstb.2006.1994



265Large Groups of Humpback Dolphins

Smith, B. D., Ahmed, B., Mowgli, R. M., & Strindberg, S. 
(2008). Species occurrence and distributional ecology of 
nearshore cetaceans in the Bay of Bengal, Bangladesh, with 
abundance estimates for Irrawaddy dolphins Orcaella bre-
virostris and finless porpoises Neophocaena phocaenoides. 
Journal of Cetacean Resource Management, 10(1), 45-58.

Sutaria, D., Kelkar, N., Araújo-Wang, C., & Santos, M. 
(2019). Cetacean sociality in rivers, lagoons, and estuar-
ies. In B. Würsig (Ed.), Ethology and behavioral ecol-
ogy of odontocetes (pp. 413-434). Springer. https://doi.
org/10.1007/978-3-030-16663-2_19

Wang, X., Wu, F., Turvey, S. T., Rosso, M., & Zhu, Q. 
(2016a). Seasonal group characteristics and occurrence 
patterns of Indo-Pacific humpback dolphins (Sousa chi-
nensis) in Xiamen Bay, Fujian Province, China. Journal of 
Mammalogy, 97(4), 1026-1032. https://doi.org/10.1093/
jmammal/gyw002

Wang, X., Jutapruet, S., Huang, S-L., Turvey, S., Wu, F., & 
Zhu, Q. (2018). External injuries of Indo-Pacific hump-
back dolphins (Sousa chinensis) in Xiamen, China, and 
its adjacent waters as an indicator of potential fishery 
interactions. Aquatic Mammals, 44(3), 285-292. https://
doi.org/10.1578/AM.44.3.2018.285

Wang, X., Wu, F., Chang, W. L., Hou, W., Chou, L. S., & Zhu, 
Q. (2016b). Two separated populations of the Indo-Pacific 
humpback dolphin (Sousa chinensis) on opposite sides of 
the Taiwan Strait: Evidence from a larger-scale photo-
identification comparison. Marine Mammal Science, 
32(1), 390-399. https://doi.org/10.1111/mms.12257

Wang, Z., Fang, L., Shi, W., Wang, K., & Wang, D. (2013). 
Whistle characteristics of free-ranging Indo-Pacific hump-
back dolphins (Sousa chinensis) in Sanniang Bay, China. 
The Journal of the Acoustical Society of America, 133(4), 
2479-2489. https://doi.org/10.1121/1.4794390

Wu, F., Wang, X., Ding, X., Miao, X., & Zhu, Q. (2014). 
Distribution pattern of Indo-Pacific humpback dolphins 
(Sousa chinensis) along coastal waters of Fujian Province, 
China. Aquatic Mammals, 40(4), 341-349. https://doi.
org/10.1578/AM.40.4.2014.341 

Würsig, B., Parsons, E., Piwetz, S., & Porter, L. (2016). The 
behavioural ecology of Indo-Pacific humpback dolphins 
in Hong Kong. Advances in Marine Biology, 73, 65-90. 
https://doi.org/10.1016/bs.amb.2015.08.008

Xu, X., Song, J., Zhang, Z., Li, P., Yang, G., & Zhou, K. 
(2015). The world’s second largest population of hump-
back dolphins in the waters of Zhanjiang deserves the 
highest conservation priority. Scientific Reports, 5, 8147. 
https://doi.org/10.1038/srep08147

Yan, S. (2016). Abundance and distribution pattern of 
Chinese white dolphin (Sousa chinensis Osbeck, 1765) 
in Sanniang Bay, Guangxi Province (Master’s thesis). 
Shandong University, Weihai. (In Chinese with English 
abstract)




