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Abstract: 	 Ten skulls of bottlenose dolphins (Tursiops spp.) collected from various locations along the coast of 
Pakistan were examined. The skulls were initially divided into two groups, Group-A (n = 7) and Group-
B (n = 3), based on specific morphological characters. The data were further tested statistically using 
Student’s t-test and violin plots. The results clustered the specimens into two morphological groups. 
Twelve morphological variables recommended for visual identification distinctly categorised skulls in 
two groups (e.g., small cranium with longer/slender rostrum (Group-A) versus stockier and wider skull 
(Group-B); presence of premaxillary convexity in the lateral view and premaxilla pinch in the dorsal 
view on the rostrum (Group-A); temporal fossa rounded (Group-A) versus small and elongated in shape 
(Group-B); teeth counts). The morphological variations and the supporting statistical results clearly 
identified the two known bottlenose dolphin species: T. aduncus (Group-A) and T. truncatus (Group-
B). This study confirms the presence of these two species of Tursiops in Pakistani waters. It adds new 
information useful for developing conservation action plans required for conservation of cetacean spe-
cies in this region.
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Introduction
The taxonomy of the genus Tursiops Gervais, 
1855 (Cetacea: Delphinidae) is still unresolved, 
though extensive studies have been done in the past 
(Möller & Beheregaray 2001, Natoli et al. 2004, 
Moura et al. 2020, Costa et al. 2016). Historically, 
about 20 putative species of bottlenose dolphins 
have been described based on morphological vari-
ables (Hershkovitz 1966). These morphological 
forms are currently considered as synonyms of T. 
truncatus (Montagu, 1821) (Charlton-Robb et al. 
2011, Wang et al. 2000b). Only two morphotypes 
of Tursiops have been generally recognised as valid 

species from the world oceans. These are T. aduncus 
(Ehrenberg, 1832) (Indo-pacific bottlenose dolphin) 
from the coastal waters of the Indian and Pacific 
Oceans and T. truncatus (Montagu, 1821) (common 
bottlenose dolphin) inhabiting both coastal and off-
shore waters around the world, including along the 
Atlantic coasts (Rice 1998, Wells & Scott 2018, 
Ngqulana et al. 2019, Hohl et al. 2020).

Previously, Pilleri & Ghir (1972a) conduct-
ed extensive beach- and boat-based surveys along 
Sindh and Balochistan coasts and collected dolphin 
skulls. These dolphin skulls were examined based 
on cranial morphometry and were identified as T. 
aduncus (Pilleri & Ghir 1972a). Since then, no 
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new information regarding the cranial morphology 
of bottlenose dolphins has been added. Recent sur-
veys conducted along the coasts of Sindh and Balo-
chistan provide further information on stranded bot-
tlenose dolphins (Braulik 2001, Gore et al. 2012, 
2017, Kiani 2014). 

The most commonly encountered bottlenose 
species in the north-west Indian Ocean is the Indo-
pacific bottlenose dolphin (Pilleri & Ghir 1972a, 
Baldwin 2003). This species is also reported from 
the Arabian Sea (Lal Mohan 1985a, Jayasankar 
et al. 2008, Braulik et al. 2010, Gray 2016, Owfi 
et al. 2016, Costa et al. 2019, Moura et al. 2020). 
The common bottlenose dolphin, T. truncatus, 
has also been reported in offshore waters of India 
(Jayasankar et al. 2008), Oman (Gray 2016, Min-
ton et al. 2010) and in the Red Sea (Costa et al. 
2019). In Pakistani waters, T. truncatus has also 
been occasionally recorded (Gore et al. 2012, Kiani 
2014). However, the presence of this species is not 
confirmed yet. The identification of morphotypes of 
Tursiops is generally difficult in the field (Amaral 
et al. 2009, Perrin et al. 2013, Gore et al. 2017). 
Therefore, the present study was carried out to dif-
ferentiate the two species through morphological 
assessment of bottlenose dolphin skulls collected 
along the entire coast of Pakistan.

Materials and Methods
The present study consists of data from ten skulls of 
bottlenose dolphins collected from the Sindh (four 
skulls) and Balochistan (six skulls) coasts (Fig. 1). 
The cranial maturity of the samples was assessed 
following different cranial sutures: maxilla-frontal 
fusion, nasal fusion, distal fusion of maxilla-pre-
maxilla, interalveolar septa and open/closed tooth 
sockets (Calzada 1997, Chen 2011, Jordon et al. 
2015). Totally, 39 cranial variables were analysed 
(Table 3; for definitions, see Perrin 1975, Wang 
et al. 2000b, Kemper 2004). Cranial measurements 
were taken using a ruler scale and Vernier calliper 
(up to 0.02 mm) (Fig. 2). The tooth counts were 
noted by enumerating tooth sockets on the rostrum. 
The dorsal, ventral, lateral, latero-occipital and oc-
cipital views of all skulls were photographed. For 
abbreviations of characters, see Table 2. All skulls 
are deposited in the Centre of Excellence in Marine 
Biology, University of Karachi (Table 1).

All skulls were visually identified based on 
morphometric measurements taken according to the 
standard protocols previously proposed for species 
of Tursiops (Ross 1977, Wang et al. 2000b, Kem-
per 2004, Kurihara & Oda 2006, 2007, Jefferson 

et al. 2015, Gray 2016). The following characters 
were used: (i) shape of the skull, (ii) length and 
width of rostrum, (iii) configuration of premaxilla 
bone on rostrum, (iv) shape and position of postorbi-
tal process, (v) orientation of pterygoid notches, (vi) 
broadness and narrowness of vomer bone and (vii) 
geometric shapes of the temporal fossa were used 
(Fig. 3). On their basis, the skulls were classified 
into two groups: Group-A of 7 specimen and Group-
B of 3 specimen. Student’s t-test was performed us-
ing the morphometric data to compare the means 
of the two groups. We have also used the median 
as a comparison base of the central tendency. Ad-
ditionally, violin plots were constructed using mor-
phometric data of cranial variables to further test 
that the two groups of skulls are different. We used 
Stata software (v.15.0) to perform the t-test 
for group comparison. Violin plots were constructed 
using R statistical software (v.4.0.2) (R Core Team 
2020).

Fig 1. Map showing sampling locations along the coast 
of Pakistan.   

Table 1. List of skulls collected from various locations 
and analysed in this study.

Skull 
Voucher Locality Date

MBD-001 Astola Island February 2007
MBD-002 Khuddi Creek May 2009

MBD-003 Dabbo Creek May 2009

MBD-004 Astola Island February 2007

MBD-005 Jiwani coast -

MBD-006 Gunz beach March 2008

MBD-007 Gunz beach -

MBD-008 Jiwani coast -

MBD-009 KetiBunder, Indus Delta 2017
MBD-010 KetiBunder, Indus Delta -
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Results
Visual assessment of cranial traits
All skulls identified in this study belonged to mature 
specimen of Tursiops. The visual differences in many 
cranial characters suggested that possibly two species 
of Tursiops are present in Pakistani waters. Apparent 
visual differences noted between Group-A (MBD-
005) and Group-B (MBD-007) are shown in Fig. 3. 
The morphological features (Fig. 3) generally re-
vealed that skulls in Group-A were small and robust, 
rostrum narrower and elongated, tapering abruptly at 

proximal 60 mm. On the other hand, Group-B skulls 
were stockier with broad and long rostrum and taper 
gradually. The orbital plates were less antero-mesial-
ly inclined in lateral view in Group-A as compared 
to Group-B where the plate margins were slightly 
parallel and more antero-mesially inclined. Premaxil-
lary ‘pinch’ was observed in Group-A at ~ 1/3 rostral 
length (dorsal view) with a prominent premaxillary 
convexity (lateral view) (Fig. 3, A-1 & A-3). Premax-
illary ‘pinch’ and premaxillary convexity were not 
obvious in Group-B (Fig. 3, B-1 & B-3). The vomer 
bone was compressed (narrower) in Group-A, as op-

Fig 2. Dorsal (A), Ventral (B), Lateral (C), Latero-Occipital (D) and Occipital views (E) explaining skull measure-
ments used in this study. For character abbreviations see Table 2.
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Table 2. Panel A – comparison of group mean values for cranial meristic characters of bottlenose dolphin skulls based 
on t-test. Panel B – comparison of group values based on medians. Note: *** and ** show significant differences at 
the 1% and 5%, respectively.

Panel A: Comparison of group mean values
List of cranial and meristic characters Group mean comparison based on t-Test

Cranial traits Abbrevia-
tions

Group B 
(Mean)

Group A 
(Mean)

Mean Differ-
ence (B-A) t-Stat: P-

Value
Condylobasal length CBL 522.66 468.07 54.59*** 4.31 0.003
Length of rostrum LR 298.67 267.89 30.78** 3.03 0.016
Width of rostrum at base RWB 127.07 109.24 17.82*** 3.48 0.008
Width of rostrum at 60 mm RWQ 97.43 76.73 20.70*** 4.22 0.003
Width of rostrum at mid length RWH 84.2 62.74 21.46*** 6.04 0
Width of premaxillaries at midlength of  
rostrum PMXWH 45.73 35.8 9.93*** 3.15 0.014

Width of rostrum at 3/4 length RWT 63.67 46.6 17.07*** 4.24 0.003
Distance from tip of rostrum to external nares TIPN 342.33 309.17 33.16** 2.98 0.017
Distance from tip of rostrum to internal nares TIPIN 337 295.43 41.57** 2.96 0.018
Greatest preorbital width PREO 210 192.14 17.86 1.65 0.138
Greatest postorbital width POST 227.33 201.93 25.40*** 3.73 0.006
Least supraorbital width ORBLW 218 193.67 24.33*** 3.74 0.006
Greatest width of external nares EXTN 56.26 54.77 1.49 0.83 0.431
Greatest width across zygomatic   process of 
squamosal ZW 253.33 217.93 35.40*** 4.53 0.002

Greatest width of premaxillaries PMXM 91.9 87.49 4.41 1.63 0.141
Greatest parietal width PARI 198.67 172.14 26.52*** 3.87 0.005
Height of braincase BRNH 176.67 167.29 9.38 0.65 0.531
Internal length of braincase BRNL 141 125.64 15.36*** 3.13 0.014
Greatest length of left posttemporal fossa FOSL 108.83 96.91 11.92** 2.64 0.03
Greatest width of left posttemporal fossa FOSH 74.67 66.93 7.74*** 3.91 0.004
Major diameter of left temporal fossa proper MAJDTF 70.67 66.07 4.59 1.5 0.171
Minor diameter of left  temporal fossa proper MINDTF 54.67 48.93 5.74 1.9 0.094
Distance between nasals to hindmost point of 
margin of supraoccipital crest DISNSOC 43.47 32.24 11.22 2.21 0.058

Length of left orbit ORBL 64.83 63.93 0.9 0.29 0.779
Length of antorbital process ANTO 58.27 43.07 15.19*** 5.07 0.001
Length of upper left tooth row LUTR 255 231.07 23.93** 3.07 0.015
Number of teeth-upper left TEEUL 22.67 24.29 -1.62 1.77 0.115
Number of teeth-upper right TEEUR 22.67 24.29 -1.62 1.77 0.115
Greatest width of basisphenoid VW 50.93 26.97 23.96*** 5.69 0
Width of alisphenoid WAS 92.37 71.74 20.62*** 4.06 0.004
Alveolar tooth width measured at mid rostrum ATW 9.67 8.68 0.98 1.4 0.198
Tip of rostrum to apex of premaxillary con-
vexity TPC 184.67 178 6.67 0.5 0.629

Least width between posterior borders of 
temporal fossa LWPTF 146.33 143.04 3.29 0.54 0.607

Dorsal frontal width at maxilla DFWM 12.93 16.29 -3.35 0.95 0.368
Dorsal frontal width at nasals DFWN 24.57 17.13 7.44 1.58 0.153
Greatest width of Occipital condyles OCCW 105.8 103.23 2.57 0.58 0.578

Greatest height of Occipital condyles OCCH 65.5 59.8 5.7 1.54 0.161
Greatest width of foramen magnum FMW 41.67 41.56 0.11 0.07 0.944
Greatest height of foramen magnum FMH 40.17 36.13 4.04 1.23 0.254

Panel B: Comparison based on Median
Group-A Group-B

Average Mean Average Median Average Mean Average Median

116.75 73.26 129.28 88.63
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posed to Group-B skulls, which had wider vomer 
bone. The temporal fossa was large and rounded with 
no temporal crests flaring backward towards the oc-
cipital region in Group-A and a small and less ellip-
tical or D-shape feature with temporal crests flaring 
backward in Group-B. The pterygoid notch was suba-
cute with elongated palatines near pterygoids on the 
ventral side (Fig. 3, A-2) in Group-A. The pterygoid 

notch in Group-B was broad and had an obtuse apex 
with short palatines (Fig. 3, B-2). Group-A skulls had 
a distinguishing feature: the postorbital process of the 
frontal bone was narrow with a backward inclination 
towards the temporal fossa and the postorbital pro-
cess was long and slender (Fig. 4, A-a) and the max-
illary bone was sharply sloping downward (Fig. 4, 
A-b). In Group-B, the postorbital process was broad 

Fig 3. Dorsal (1), ventral (2), lateral (3) and occipital (4) views of bottlenose dolphins of Group A (MBD-005, A1-4) 
and B (MBD-007, B1-4) from Pakistan coast.  
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and smaller in length. The postorbital process was 
straight with no backward inclination (Fig. 4, B-a) 
and maxillary bone were gradually sloping down-
ward (Fig. 4, B-b).

Statistical analyses
For cranial measurements, see Tables 2 and 3. Skull 
characters of Groups A and B demonstrated signifi-
cant differences in the distribution of numeric data 
(Fig. 5, Table 2). Out of 39 cranial variables stud-
ied, 20 variables showed significant morphometric 
differences. However, 16 variable (CBL, LR, RWB, 
RWQ, RWH, RWT, PMXWH, POST, ORBLW, ZW, 
PARI, BRNL, FOSH, ANTO, VW and WAS) hav-
ing high significant differences in their mean values 
recorded for skulls in two groups were selected for 
further analysis.

The morphological parameters recorded for 
Group A and B, such as CBL, POST, ORBLW, ZW, 
PARI, BRNL, FOSH, ANTO, VW and WAS, were 
significantly smaller in Group-A skulls (Table 2). 
The rostral width characters RWB, RWQ, RWH 
and RWT also differed significantly in study groups 
of skulls. Rostral widths were broader in Group-B 
and the morphometric ranges are not overlapping in 
Group-A and Group-B. LR and PMXWH were sig-
nificantly smaller in Group-A compared to Group-
B but with minimal overlapping in morphometric 
ranges. Density distribution analysis of the signifi-
cant mean values of cranial variables is shown as 
violin plots (Fig. 5). In order to know the central 
tendency of two Groups (A and B), median was used 
as this is appropriate for data that has extreme val-
ues or outliers. In Table 2 panel B depicts compari-
son of average mean value, which suggests that the 
average mean value is greater than average median 

values for both species. This comparison of median 
values clearly showed that the distribution of data 
was positively skewed. The skewed data and outli-
ers have a lesser effect on the median and, hence, the 
comparison median of morphometric parameters of 
two groups of skulls clearly indicated that the char-
acteristics of the skulls in the two groups were dif-
ferent and appeared to represent two species.

Our results evidently confirm that all speci-
mens (three skulls) collected from around the Ji-
wani Bay, Balochistan are confirmed as T. truncatus 
(Group-B) and the seven other specimens, collected 
from both Sindh (four skulls) and Balochistan (three 
skulls) as T. aduncus (Group-A).

Discussion
The present study confirmed two species of Tursi-
ops from Pakistani waters: T. aduncus (Group-A) 
from both Sindh and Balochistan and T. truncates 
(Group-B) from the Balochistan coast only. In our 
study, the bottlenose dolphin species were identified 
based on morphological characteristics of skulls: 
small skull and elongated rostrum in T. aduncus 
and (stockier skull with broad and longer rostrum 
in T. truncatus). Our observations are in agree-
ment with previous studies (Ross 1977, Wang et 
al. 2000b, Kemper 2004, Kurihara & Oda 2006, 
2007, Gray 2016, Jedensjö et al. 2020). Cranial 
features in bottlenose dolphins may vary within the 
same species due to ecological differences, such as 
feeding, echolocation and variation in feeding habits 
and temperature (Walker 1981, Hersh & Duffield 
1990, Gray 2016, Ngqulana 2019, Jedensjö et al. 
2020). This may be possible because bottlenose dol-
phin species can be both sympatric and parapatric, 

Fig 4. Lateral views of skulls of MBD-005 (Group A) versus MBD-006 (Group B); a. Postorbital process of the frontal 
bone is long, narrow, and inclined/angular towards temporal fossa (Group A) vs. Postorbital process small, broad, and 
straight not inclined towards temporal fossa (Group B); b. The angle of maxillary bone is sharp (Group A) vs. gradual 
sloping downward (Group B).
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depending on the region they inhabit (Hale et al. 
2000, Wang et al. 2000b). Tursiops aduncus gen-
erally inhabits shallow water near the continental 
shelf, whereas T. truncatus is found in both inshore 
and offshore waters (Rice 1998, Reeves et al. 2002). 
In the present study, similar ecological characteris-

tics of cranial morphometry were observed in two 
putative species of bottlenose dolphin. We focused 
on the characteristics important for differentiating 
T. aduncus from T. truncatus. Such characteristics 
are CBL, LR, the configuration of premaxillae, the 
antero-medial ridge on the rostrum, number of teeth 

Fig 5. Violin plots showing the comparison of significant mean differences of different cranial characteristics between 
groups A and B based on t-test. The black dot shows the mean value and the line in violin plots represents the range. 
Abbreviations: CBL: condylobasal length, LR: length of rostrum, RWB: rostrum width at base, RWQ: rostrum width 
at 60 mm, RWH: rostrum width at midlength, PMXWH: width of premaxillaries at midlength of rostrum, RWT: 
rostrum width at ¾, POST: post orbital width, ORBLW: orbital width, ZW: zygomatic width, PARI: parietal width, 
FOSH: temporal fossa width, ANTO: length of antorbital process, VW: vomer width, WAS: width of alisphenoid.



Morphological Assessment of Skulls Reveals the Presence of Two Species of Bottlenose Dolphins...

595

sockets and variation in shape and size of tempo-
ral fossa (FOSH) (Ross 1977, Lal Mohan 1985a, 
Wang et al. 2000b, Kemper 2004, Kurihara & Oda 
2006, 2007, Gray 2016, Jedensjö et al. 2020).

In the recent past, the Centre of Excellence in 
Marine Biology under Darwin Initiative Program col-
lected data on cetaceans from 2004 to 2009 through 
beach and boat-based surveys along the coast of Pa-
kistan (Gore et al. 2012, 2017, Kiani 2014). These 
studies improved the knowledge on cetacean diversity 
and distribution. They recorded bottlenose dolphins 
sighted in the Karachi harbour, coastal, near-shore 
and continental shelf waters of Sindh and Balochistan. 
The present study on bottlenose dolphins through cra-
nial morphometry is an important addition to the data 
pool of cetacean diversity in Pakistani waters and 
provides valuable information required for conserva-
tion of marine mammals in the region. Studies based 
on molecular tools and landmark-based geomorpho-
metry may be utilised to strengthen the outcome of 
present study. The Indopacific bottlenose dolphin is 
listed as ‘Data Deficient’ and the common bottlenose 
dolphin as ‘Least Concern’ in the IUCN Red List of 
Threatened Species; both are also listed in Appendix 
II of CITES (Hammond et al. 2012a, b). Bottlenose 
species are exposed to many threats in Pakistani wa-
ters, such as culling for bait, capture as bycatch, oc-
casional boat strikes and pollution (Rizvi et al. 1988, 
Ali & Jilani 1995, Gore et al. 2012, Kiani2014, Ki-
ani & Waerebeek 2015). Therefore, conservation ac-
tion plans are required to safeguard this species and 
all other cetacean species occurring in this region.
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