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ABSTRACT 26 

 27 

Historically, the taxonomic status of the bottlenose dolphins, Tursiops, has been 28 

confusing.  Over 20 nominal species have been described in, or transferred to, the genus, 29 

but most them have been synonymized as type species T. truncatus. Here we review the 30 

taxonomic status of Tursiops gephyreus Lahille, 1908, from the Southwestern Atlantic 31 

Ocean (SWA), a taxon long considered as either synonym or subspecies of T. truncatus. 32 

We examined a total of 280 bottlenose dolphin skulls, including the lectotype of T. 33 

gephyreus. We examined all specimens for morphological (14 characters) and 34 

morphometrical (29 measurements) differences. A set of univariate and multivariate 35 

analysis was conducted to observe the possible differences between groups. Based on 36 

morphological, both metric and non-metric analyzes of skulls as well as the vertebrae 37 

number of Tursiops specimens from SWA, we recognized two distinct morphological 38 

forms of bottlenose dolphins in the region, consistent with treatment of two species under 39 

the “diagnosable version of the “Phylogenetic Species Concept”. Six qualitative 40 

characters were reliable for the identification of both species in the SWA, but the shape 41 

of the nasal process of the right premaxilla alone is sufficient to separate the species. 42 

Furthermore, the total number of vertebrae is higher in T. truncatus (62–64) than T. 43 

gephyreus (57–59). Based on these results we propose the revalidation of T.  gephyreus. 44 

Since T. gephyreus was recognized as inhabiting the estuaries and the surf zone alongside 45 

the Rio Grande do Sul in Brazil, Uruguay and Argentina coasts, the conservation efforts 46 

must take into account that this region presents similar threats to the species. 47 

 48 

 49 
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Revalidation of Tursiops gephyreus Lahille, 1908 (Cetartyodactila: Delphinidae) 50 

from the Southwestern Atlantic Ocean 51 

 52 

INTRODUCCTION 53 

 54 

Bottlenose dolphins, Tursiops Gervais, 1855, are widely distributed throughout 55 

tropical and temperate waters of all oceans, occurring in the coast and ocean, both over 56 

the continental shelf and in open ocean as well (Perrin et al. 2009). In the Southwestern 57 

Atlantic Ocean (SWA), these dolphins range from northern Brazil to Argentina’s Chubut 58 

Province, 01°S–46°S (Siciliano et al. 2006), with a few records south to Tierra del Fuego 59 

(Goodall et al. 2008; Goodall et al. 2011). 60 

The taxonomy of bottlenose dolphins has been and continues to be subject of debate. 61 

Over the past two and half centuries, more than 20 nominal species have been originally 62 

described in or transferred to Tursiops from various regions, but most of them have been 63 

subsequently synonymized to the single cosmopolitan species T. truncatus (Hershkovitz 64 

1966; Ross 1977; Rice 1988). Bernard Germain Lacépède described in 1804 a bottlenose 65 

dolphin from the North Atlantic as Delphinus nesarnack. However, this name has not 66 

been used as valid in the literature. Seventeen years later, in 1821, George Montagu 67 

described a bottlenose dolphin from River Dart in Devonshire, UK, naming it as 68 

Delphinus truncatus. Afterwards, many authors described others species under the genus 69 

Delphinus: Delphinus compressicauda Lesson, 1828 (type locality: South Atlantic 70 

Ocean, 4° S, 26° W), Delphinus aduncus Ehrenberg, 1833 (type locality: Indian Ocean, 71 

Red Sea), Delphinus hamatus Wiegmann, 1841 (type locality: Indian Ocean, Red Sea), 72 

Delphinus abusalam Rüppell, 1842 (type locality: Indian Ocean, Red Sea). 73 
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In 1843, Gray transferred D. truncatus to Tursio; however, since this genus was a 74 

junior synonym of Physeter Linnaeus, 1758, the name Tursiops was coined in 1855 by 75 

Paul Gervais (Hershkovitz 1966; Rice 1988; Wells and Scott 2009). The species 76 

described in addition to the type species were: Delphinus metis Gray, 1846 (type locality: 77 

Indian Ocean, Red Sea), Delphinus eurynome Gray, 1846 (type locality: unknown), 78 

Delphinus obtusus Schlegel, 1862 (type locality: North Atlantic Ocean), Tursiops 79 

catalania Gray, 1862 (type locality: South Pacific Ocean, Australia), Delphinus erebenus 80 

Cope, 1865 (type locality: North Atlantic Ocean, Red Bank, USA),  Delphinus gadamu 81 

Owen, 1866 (type locality: Indian Ocean, Vizagapatam), Delphinus cymodoce 82 

Burmeister, 1867 (type locality: unknown),  Tursiops gilli Dall, 1873 (type locality: North 83 

Pacific Ocean, California, USA),  Delphinus caerulescens Gigliori, 1874 (type locality: 84 

North Pacific Ocean, Japan), Delphinus parvimanus Lütken, 1887 (type locality: Adriatic 85 

Sea), Steno perniger Blanford, 1891 (type locality: Indian Ocean, Gulf of Bengal), 86 

Tursiops  fergusoni Lyddeker, 1903 (type locality: Indian Ocean, Trivandrun, India), 87 

Tursiops gephyreus Lahille, 1908 (type locality: South Atlantic Ocean, La Plata river, 88 

Argentina), Tursiops dawsoni Lyddeker, 1909 (type locality: Indian Ocean, Trivandrun, 89 

India), Tursiops nuuanu Andrews, 1911 (type locality: North Pacific Ocean, 12° S, 120° 90 

W) and Tursiops maugeanus (type locality: Indian Oceana, Tasmania, Australia) 91 

(Hershkovitz 1996; Rice 1998; Jefferson et al. 2008; Wells and Scott 2009). 92 

Rice (1984) demonstrated that the name Tursiops truncatus (Montagu, 1821) has 93 

been in universal use for the North Atlantic bottlenose dolphins for over 160 years, and 94 

then asked the International Commission on Zoological Nomenclature (ICNZ) to use its 95 

plenary powers to suppress the name Delphinus nesarnack Lacépède, 1804. This was 96 

accepted in Opinion 1413 of the ICZN (1986). 97 
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It is worthy of note that most of the species of bottlenose dolphins have been 98 

described based on a small number, or even a single incomplete (e.g. a lower jaw only) 99 

specimen, and subtle differences in coloration and cranial morphology. Therefore, some 100 

of the morphological characters may represent individual and/or ontogenetic variations 101 

(Rice 1998; Wells and Scott, 2009).    102 

Recent studies, both morphological and molecular, have provided evidence that the 103 

genus includes at least two other species: T. aduncus (Ehrenberg, 1833) in the coastal 104 

waters of the Indo-Pacific (Wang et al. 2000a; Wang et al. 2000b) and T. australis 105 

Charlton-Robb et al. 2011, in inshore waters of Victoria southeastern Australia (Charlton-106 

Robb et al. 2011). However, this last species was contested by the Committee on 107 

Taxonomy of the Society for Marine Mammalogy (Committee on Taxonomy 2015) based 108 

on the limited number of specimens representing this taxon, minor mean morphometric 109 

differences, and low support in molecular analyses. 110 

Only two species of bottlenose dolphins have been so far described from the 111 

Southwestern Atlantic. René Primevère Lesson, briefly characterized D. compressicauda 112 

as having “teeth small, conical, hooked; head colored; belly whitish; pectoral short; upper 113 

jaw longest; nose short; base of the tail compressed on each side” (see Gray 1850). In 114 

contrast, Lahille (1908: 364) described in detail T. gephyreus based on two complete 115 

skeletons, a male and a female. According to him, T. gephyreus differs from T. truncatus 116 

by having a longer rostrum; pterygoids separated from each other (vs. joined to each other 117 

in T. truncatus); premaxilla apex acute (vs. rounded); lower number of vertebrae; four 118 

similarly-sized maxillary foramina (vs. irregularly distributed, varying in size, and usually 119 

in number of three); teeth thicker; and lower jaws longer than upper jaws. However, 120 

Hershkovitz (1966) recognized T. gephyreus as a junior synonym of Tursiops truncatus 121 

aduncus without explicit justification. More recently, Barreto (2000) proposed (p. 46), 122 
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based on skull measurements and mitochondrial DNA sequences, that bottlenose dolphins 123 

occurring from about 27° S to 35° S in Southwestern Atlantic Ocean should be treated at 124 

the subspecific level as Tursiops truncatus gephyreus.  However, he did not deeply 125 

explained it or established any biogeographic relation for the species. 126 

In this context, we present further morphological evidence for raising T. gephyreus 127 

Lahille, 1908 to its original species rank. We adopted here the diagnosable version of the 128 

“Phylogenetic Species Concept”. This concept has been proposed by several authors as 129 

“the smallest detected samples of self-perpetuating organisms that have sets of 130 

characters” (Nelson and Platnick 1981); “the smallest diagnosable cluster of individual 131 

organisms within which there is a parental pattern of ancestry and descent” (Cracraft 132 

1983); and “the smallest aggregation of populations (sexual) or lineages (asexual) 133 

diagnosable by a unique combination of character states in comparable individuals 134 

(semaphoronts)” (Nixon and Wheeler 1990). 135 

 136 

MATERIALS AND METHODS 137 

 138 

Specimens examined.— We examined 280 bottlenose dolphin skulls (including the 139 

lectotype of T. gephyreus – MACN54.113) (see Varela et al. 2010), deposited in the 140 

following collections: Brazil: mammal collection of the Museu Paraense Emílio Goeldi 141 

(MPEG), under supervision of Grupo de Estudos de Mamíferos Marinhos da Amazônia 142 

(GEMAM), Belém, Pará; Associação de Pesquisa e Conservação de Ecossistemas 143 

Aquáticos (AQUASIS), Fortaleza, Ceará; Centro de Mamíferos Aquáticos, Instituto 144 

Chico Mendes de Conservação da Biodiversidade (CMA/ICMBIO), Ilha de Itamaracá, 145 

Pernambuco; Instituto Baleia Jubarte (IBJ), Salvador, Bahia; Instituto Mamíferos 146 

Aquáticos (IMA), Salvador, Bahia; marine mammal collection of the Instituto Oswaldo 147 
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Cruz (IOC/FIOCRUZ), under supervision of Grupo de Estudos de Mamíferos Marinhos 148 

da Região dos Lagos (GEMM-Lagos), Rio de Janeiro, Rio de Janeiro; mammal collection 149 

of the Museu Nacional/Universidade Federal do Rio de Janeiro (MNRJ), Rio de Janeiro, 150 

Rio de Janeiro; Laboratório de Mamíferos Aquáticos, Universidade Federal do Rio de 151 

Janeiro (MAQUA/UFRJ), Rio de Janeiro, Rio de Janeiro; Laboratório de Biologia da 152 

Conservação de Mamíferos Aquáticos (LABCMA/USP), São Paulo, São Paulo; Museu 153 

de Zoologia da Universidade de São Paulo (MZUSP), São Paulo, São Paulo; Instituto de 154 

Pesquisas Cananéia (IPeC), Cananéia, São Paulo; Laboratório de Ecologia e 155 

Conservação, Universidade Federal do Paraná (LEC/UFPR), Pontal do Sul, Paraná; 156 

Museu de Ciências Naturais da Universidade Federal do Paraná (MCN/UFPR), Curitiba, 157 

Paraná; Universidade da Região de Joinville (UNIVILLE), Joinville, Santa Catarina; 158 

Museu Oceanográfico da Universidade do Vale do Itajaí (MOVI/UNIVALI), Itajaí, Santa 159 

Catarina; Laboratório de Mamíferos Aquáticos, Universidade Federal de Santa Catarina 160 

(LAMAQ/UFSC), Florianópolis, Santa Catarina; Grupo de Estudos de Mamíferos 161 

Aquáticos do Rio Grande do Sul (GEMARS), Torres, Rio Grande do Sul; Laboratório de 162 

Tartarugas e Mamíferos Marinhos, Universidade Federal do Rio Grande (LTTM/FURG), 163 

Rio Grande, Rio Grande do Sul. Uruguay: Private Collection Researcher Paula Laporta, 164 

Punta Del Diablo, Rocha; Museo Nacional de Historia Natural (MNHN), Montevideo, 165 

Montevideo; Facultad de Ciencias de La Universidad de La República (ZVC) 166 

Montevideo, Montevideo. Argentina: Fundación Marybio, Las Grutas, Rio Negro; 167 

Universidad Nacional del Mar del Plata (UNMDP), Mar del Plata, Buenos Aires; Parque 168 

Temático y Oceanário Mundo Marino, San Clemente Del Tuyu, Buenos Aires; Museu 169 

Nacional de História Natural “Bernardino Rivadavia” (MACN), Buenos Aires, Buenos 170 

Aires; and Laboratório de Mamíferos Marinos DEL Centro Nacional Patagônico 171 

(LAMAMA/CENPAT), Puerto Madryn, Chubut. 172 
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The specimens we examined were identified as either T. truncatus (n = 144) or T. 173 

gephyreus (n = 136), based on the qualitative characters described by Lahille (1908) and 174 

Barreto (2000), which included shape of the pterygoid recess and conformation of 175 

pterygoids. We divided specimens into three age groups according to Tavares et al. 176 

(2010): juvenile (bones unfused, bones move freely or they are disarticulated and the 177 

alveoli are opened), subadult (bones partially fused, some movement and semi-closed 178 

alveoli), and adult (fused bones, closed sutures and closed alveoli). Some specimens with 179 

partially fused nasal bones were considered adults because they had other skull sutures 180 

fused and closed alveoli. All the specimens used in this study were found stranded ashore 181 

or were incidentally captured by fishery gears and then collected, cleaned and deposited 182 

in scientific collections (Supporting Information S1); therefore, no permits were required. 183 

The study area includes Brazilian, Uruguayan, and Argentinean waters in the 184 

Southwestern Atlantic. 185 

Sexual dimorphism.— Based on the low sexual dimorphism reported in the literature 186 

(Hersh et al. 1990; Tolley et al. 1995; Barreto 2000), sexes were pooled together for 187 

comparisons between T. truncatus and T. gephyreus. 188 

Skull morphometrics.— In order to avoid ontogenetic effects, we measured only 189 

adults (n =  192) of both T. truncatus and T. gephyreus with digital 300mm, and 500 and 190 

600mm analogical calipers. A total of 52 measurements were taken from each specimen 191 

based on previous studies (Perrin 1975; Wang et al. 2000b; Kemper 2004). However, due 192 

to a strong and positive correlation among some measurements, we reduced the number 193 

to 29 measurements (Supporting Information S2). 194 

Alveoli and vertebral counts.— We counted only well-defined dental alveoli in left 195 

and right, upper and lower jaws of specimens whenever possible, in order to prevent over 196 

or underestimations. We counted the number of vertebrae of all available skeletons, 197 
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totaling 22 specimens (T. truncatus, n = 13; T. gephyreus, n = 9). In specimens missing 198 

some vertebrae (T. truncatus, n = 2; T. gephyreus, n = 3), the total number was estimated 199 

following the method described in Perrin (1975, 1984). 200 

Skull morphology.— We examined all specimens of each age group for qualitative, 201 

morphological differences in characters between T. truncatus and T. gephyreus. Fourteen 202 

morphological characters were analyzed.  The anatomical nomenclature mainly followed 203 

Mead and Fordyce (2009) (Supporting Information S3). 204 

Statistical analysis.— We checked the normality of all data of each group with 205 

Kolmogorov-Smirnov test. The differences in the means of the measurements between T. 206 

truncatus and T. gephyreus were tested with Student’s t test or Mann-Whitney U-test 207 

(Vanzolini 1993). All tests were conducted in the software SigmaStat 3.5 (Systat Software 208 

Inc.). 209 

In order to detect a priori groups of specimens we carried out a Principal Component 210 

Analysis (PCA) over the covariance matrix of the log-transformed measurements. A 211 

Cluster Analysis using 16 variables (without missing data) was performed to access the 212 

groups found in PCA. Both analyses were conducted with the software PAST (Hammer 213 

et al. 2001). Furthermore, we used Cohen’s kappa coefficient to measure the reliability 214 

of agreement between the a priori identification specimens (based on the diagnosis 215 

proposed by Barreto [2000]), and the results of cluster analysis. Cohen’s kappa coefficient 216 

ranges from -1 to 1, with values less than 0 indicating that the observed agreement is less 217 

agreement than would be expected by chance, 0 indicating that the observed agreement 218 

is as likely as an agreement by chance, and positive values indicating that the agreement 219 

is more likely than would be expected by chance (Vieira and Garrett 2005). 220 

Afterwards, we conduct the Canonical Variates Analysis (CVA), to confirm patterns 221 

previously suggested by the PCA. In addition, a discriminant analysis was performed in 222 
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order to generate classification functions that allow to distinguish statistically the a priori 223 

groups proposed by PCA. These classification functions were based on the five most 224 

different linear measurements among groups and reflect shape differences among the 225 

studied groups. This analysis was conducted in software SPSS18 (SPSS Inc. 2009). 226 

 227 

 228 

RESULTS 229 

 230 

Skull morphometrics.— 231 

Multivariate analysis.— The first seven principal components explained more than 232 

75% of the variance (Fig. 1). PC1 and PC2 respectively explained 39.2% and 16.3% of 233 

the total variance. The Cluster Analysis (n=139) identified two distinct groups. 234 

Univariate analysis.— A total of 26 out of 29 measurements presented significant 235 

mean differences between T. truncatus and T. gephyreus; in 23 of these, differences were 236 

highly significant (P ≤ 0.001). Tursiops gephyreus is, on average, larger than T. truncatus 237 

in 23 out of 29 measurements (Fig. 2: Supporting Information S4). 238 

In the Kappa analysis 53 out of 57 specimens (93%) were classified as T. truncatus, 239 

whereas 72 out of 82 specimens (87%) were classified as T. gephyreus. Cohen’s 240 

coefficient was 0.79 demonstrating “good” strength of agreement between a priori 241 

identification of specimens and the results of the Cluster analysis (Vieira and Garrett 242 

2005). 243 

The discriminant analysis resulted in a model with five measurements and 100% 244 

correct identification (Wilk’s lambda = 0.068, n = 87). A specimen is assigned to the 245 

group for which the function result is higher.  The functions are as follows: 246 
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1. Tursiops gephyreus = -549.687 + (2.106 Condylobasal length) + (0.455 Height of 247 

rostrum at mid length) + (0.767 Anterior width of the ascendant right process of 248 

premaxillary) + (-2.233 Length of left pterygoid) + (-0.29 Hindmost width of 249 

lateral lamellae of palatines). 250 

2. Tursiops truncatus = -438.688 + (1.739 Condylobasal length) + (- 0.441 Height 251 

of rostrum at mid length) + (- 0.203 Anterior width of the ascendant right process 252 

of premaxillary) + (-0.599 Length of left pterygoid) + (-0.271 Hindmost width of 253 

lateral lamellae of palatines). 254 

Skull morphology.— We identified six qualitative characters that, taken together, can 255 

be used to easily differentiate the two taxa. A description of these characters with some 256 

remarks on the states for each taxon is given below (Fig. 3: Supporting Information S5). 257 

A complete list, including the unsatisfactory characters (e.g. those that did not show 258 

marked differences between the two groups compared) is available in the “Supporting 259 

Information S6”. 260 

Character 5: Shape of the nasal process of the right premaxilla: falcate or 261 

subrectangular. The nasal process of the right premaxilla is falcate in outline in all 262 

specimens of T. gephyreus, whereas it is subrectangular in T. truncatus. These two 263 

conditions are present in all specimens, regardless age group. 264 

Character 6: Superficial shape of the prenarial region: planar or concave. In almost 265 

all specimens of T. truncatus (93 out of 94), the nasal portion of the premaxilla anterior 266 

to nasal fossa is planar; whereas it is concave in 84 out of 85 specimens of T. gephyreus. 267 

Character 9: Shape of the vertex of the skull (formed by frontals, nasals, and nuchal 268 

crest): square or rectangular. In most adult and subadult (95%), and in all juvenile 269 

specimens of T. truncatus, the vertex is square-shaped. In specimens of T. gephyreus, 270 

whereas, the vertex is rectangular-shaped irrespective of the age group.   271 
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Character 11: Conformation of premaxillaries: joined to, or fused with, each other 272 

along their medial sides. In adult specimens of T. gephyreus (58%), the left and right 273 

premaxillaries are fused with each other in part of their rostral portion. In all but a single 274 

adult specimen of T. truncatus, the premaxillaries are not joined to each other by a suture. 275 

Character 12: Shape of the antorbital notch: “U”- or “W”-shaped. In juvenile (100%) 276 

and adult (87%) specimens of T. truncatus, the interorbital notch has a “U” shape, 277 

whereas the notch is “W”-shaped in most (98%) adults of T. gephyreus. 278 

Character 14: Conformation of the nasal process of the premaxilla and the right nasal: 279 

separated or joined from each other. In 69% of adults specimens of T. truncatus the 280 

posterior portion of the premaxilla joins the external surface of the right nasal bone. 281 

Whereas, in all specimens of T. gephyreus the premaxilla is distinctly separated from the 282 

right nasal bone. 283 

If considered together, characters 6, 9, 11, 12 and 14 allow a correct and precise 284 

differentiation between T. truncatus and T. gephyreus. More importantly, the 285 

conformation of the nasal process of the premaxilla and the right nasal bone (character 286 

14) can be used alone to identify T. truncatus, whereas Shape of the nasal process of the 287 

right premaxilla (character 5) is diagnostic for both T. truncatus and T. gephyreus in the 288 

SWA. 289 

Dental alveoli and vertebrae counts.— The mean number of dental alveoli does not 290 

differ between T. truncatus and T. gephyreus. Nevertheless, specimens of T. truncatus 291 

always had more than 25 alveoli per teeth row (Supporting Information S7). The number 292 

of vertebrae ranged from 62 to 64 and from 57 to 59 in the T. truncatus and T. gephyreus, 293 

respectively. However, a single specimen of T. truncatus (AQUASIS 02C1311/031) 294 

exhibited 68 vertebrae.  295 

 296 
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DISCUSSION 297 

Based on the Phylogenetic Species Concept (PSC) (Nixon and Wheeler 1990), our 298 

findings support the recognition of two lineages of bottlenose dolphins in the 299 

Southwestern Atlantic. Thus, here we revalidate and raise T. gephyreus Lahille, 1908 to 300 

the species level. We suggest “Lahille’s Bottlenose Dolphin” as the English common 301 

name for the species. 302 

Barreto (2000) treated this taxon as a subspecies, T. truncatus gephyreus. However, 303 

under PSC, a species is delimited by fixed, diagnostic characters. Therefore, there is no 304 

arbitrary distinction between species or subspecies in a polytypic species (Cracraft 1983). 305 

The alleged argument that subspecies is conceptually equivalent to the “phylogenetic 306 

species” (e.g. Remsen 2005) is not backed by any evidence at all. In fact, all subspecies 307 

concepts proposed so far (e.g. Mayr and Ashlock 1991) are not even similar to the 308 

diagnosable version of PSC.  309 

In the Southwestern Atlantic, T. gephyreus can be consistently diagnosed from its 310 

congener by a combination of qualitative, meristic, and morphometric characters. Six 311 

qualitative anatomical characters had proven reliable for separating both taxa, one of 312 

which (named as “shape of the nasal process of the right premaxilla”) is sufficient to 313 

identify one species from another: it is falcate in outline in T. gephyreus and 314 

subrectangular in T. truncatus (Fig. 4). The other qualitative characters are: 1) Superficial 315 

shape of the prenarial region planar in T. truncatus (vs. concave in T. gephyreus); 2) Shape 316 

of the vertex the skull square in T. truncatus (vs. rectangular in T. gephyreus); 3) 317 

Conformation of premaxillaries no fused in T. truncatus (vs. fused in T. gephyreus); 4) 318 

Antorbital notch U-shaped in T. truncatus (vs. W-shaped in T. gephyreus); 5) Nasal 319 

process of the premaxilla often in contact to the right nasal in T. truncatus (vs. never in 320 

contact in T. gephyreus). Furthermore, the total number of vertebrae differs between the 321 



14 
 

two species: 57–59 in T. gephyreus vs. 62–64 in T. truncatus. This character in particular 322 

was highlighted in the original description of Lahille (1908: 364), who considered it as a 323 

diagnostic for the species. Tursiops gephyreus is, on average, larger than T. truncatus of 324 

Southwestern Atlantic, although measurement overlapping does occur. However, the 325 

results of the uni- and multivariate statistical analyses of skull measurements clearly led 326 

to the conclusion that specimens can be separated into two recognizable groups. 327 

In comparison with T. aduncus, the other species accept for the genus, T. gephyreus 328 

is larger in external and in skeletal dimensions. It has less and larger teeth, a thicker and 329 

longer rostrum, and a much bigger brain case. Tursiops aduncus also has dark spots on 330 

the belly (Ross and Cockcroft 1990, Wang et al. 2000a). There is just one record of 331 

bottlenose dolphin with spots on the belly in SWA (Ott et al. in press). Tursiops aduncus 332 

e T. gephyreus differ from T. truncatus in having the pterygoids slightly separated from 333 

each other (Fig. 5). 334 

Based on the identification of the stranded specimens analyzed in the present study, 335 

it seems that the two species have different stranding patterns in SWA (Fig. 6). The 336 

northernmost record of T. truncatus specimen examined in this study was in the state of 337 

Pará on the northern Brazilian coast. The southernmost record was in Buenos Aires 338 

Province, Argentina. In this region, bottlenose dolphins are found both inshore and 339 

offshore and around oceanic islands such as St. Peter and St. Paul’s rocks and Atol das 340 

Rocas (Moreno et al. 2009; Baracho et al. 2007). It is worthy to note that, 142 (98,61%) 341 

out of 144 specimens were collected in Brazil north of Tavares in Rio Grande do Sul, 342 

with single specimen each from Uruguay and Argentina. A stranded bottlenose dolphin 343 

found in Tierra del Fuego in Argentina (Goodall et al. 2011) was not examined in this 344 

study. 345 
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Conversely, T. gephyreus seems to have a more restricted stranding pattern, 346 

associated with coastal waters and inhabiting estuarine area. The northernmost record of 347 

specimens of T. gephyreus was Atami Beach in the state of Paraná and the southernmost 348 

record was Union Beach, Rawson, on the central coast of Argentina. In this region, rivers, 349 

estuaries and coastal lagoons are transition from tropical to temperate habitats.  Moreover, 350 

the costal environments of south Brazil and Uruguay have unique geomorphologic and 351 

hydrologic characteristics. The coastal waters are highly turbid due to river discharge (e.g. 352 

La Plata River and Patos Lagoon) and wind resuspension. Furthermore, local temperature 353 

varies from 13 to 19.5°C in the winter and from 21 to 30°C in the summer, and salinity 354 

varies from 8 to 35 ppm in some lagoons (Ramos and Vieira 2001). 355 

In this same region, small communities of bottlenose dolphins have been recorded in 356 

estuaries of south Brazil, namely Mampituba, Tramandaí, and Chuí estuaries and Laguna 357 

and Patos Lagoon systems (Simões-Lopes et al. 1998; Fruet et al. 2011; Daura-Jorge et 358 

al. 2013; Costa et al. 2015). We identified three specimens from these populations as T. 359 

gephyreus: one from Mampituba River (GEMARS 0333), another from Tramandaí River 360 

(GEMARS 1259), and the last from Chuí River (TTBC 220310) on the Brazilian–361 

Uruguayan border (Tabajara 1992; Costa et al. 2015). These individuals were photo-362 

identified and re-sighted several times, which suggests some degree of site fidelity 363 

(Giacomo and Ott in press). 364 

It is important to mention that are records of   two of these three dolphins populations 365 

cited above being a cooperative fishing with local fishermen in Mampituba and 366 

Tramandaí estuaries. This interaction has been occurring for decades in this estuaries and 367 

in Laguna and the fishers claim that it guarantees a good fishing yields to both dolphins 368 

and humans (see Pryor 1990; Simões-Lopes et al. 1998; Zappes et al. 2010). 369 



16 
 

The genetic structure of bottlenose dolphins communities appears to support the 370 

morphological results and the putative distribution limits in the present study, since they 371 

show that the species is highly dependent on the type of habitat occupied (Möller et al. 372 

2007). Protected coastal habitats, such as embayment, lagoons and estuaries are usually 373 

inhabited by genetically differentiated small groups with a high degree of site fidelity, 374 

local adaptation to different ecological conditions and differential resource use strategies 375 

(Costa et al. 2015). In this sense, the presence of T. gephyreus seems to be currently 376 

associated to the estuaries in Southern Brazilian coast, but the historical process involved 377 

in the speciation process remains unknown. In contrast, open coastal waters are usually 378 

inhabited by larger communities, presenting lower genetic differentiation and higher 379 

genetic diversity than those restricted in distribution (Natoli et al. 2004; Fruet et al. 2011). 380 

However, none of these studies compared their genetics results with morphology.  381 

The presence of two species of bottlenose dolphins in the Southwestern Atlantic 382 

is remarkable relevant from a conservationist viewpoint.  Both species face threats from 383 

by-catch in fisheries, pollutants, loss and habitat degradation, and disturbance from 384 

human activities (Daura-Jorge 2013; Fruet et al. 2014). This is particularly serious for T. 385 

gephyreus, which has a more restricted pattern of occurrence. The list of the endangered 386 

fauna of Rio Grande do Sul has been recently updated (in 20014) according to IUCN 387 

(2001) criteria. Two subpopulations of bottlenose dolphins have been designated for the 388 

purpose of conservation in the state: (a) an oceanic population inhabiting waters beyond 389 

the continental shelf (herein considered as T. truncatus) and (b) a costal/estuarine 390 

population, referred herein to T. gephyreus. The costal/estuarine population is classified 391 

as “Vulnerable” due to high anthropogenic pressure and declining habitat quality. 392 

 393 

 394 



17 
 

 395 

 396 

ACKNOWLEDGMENTS 397 

We are grateful to the following curators and curatorial staff for allowing the access to 398 

specimens under their care, and for all their assistance during museum work: Cariane 399 

Trigo, Daniel Danilewicz, Márcio Borges-Martins, Paulo Ott, Rodrigo Machado 400 

(GEMARS); Carolina Meirelles, Katherine Choi-Lima (AQUASIS); Inês Serrano 401 

(CMA); Renata Emin-Lima (GEMAM); Suely Aguiar (MPEG); Milton Marcondes, 402 

Sérgio Cipolotti, Clarêncio Baracho (IBJ); Maria do Socorro Reis, Luciano Wagner, 403 

Luciano Alardo (IMA); Marcos César de Oliveira Santos (IO-USP); Mario de Vivo 404 

(MZUSP); Emygdio Monteiro-Filho (IPeC); Salvatore Siciliano (GEMM-Lagos/IOC 405 

FIOCRUZ); Alexandre Azevedo (MAQUA); Fernando Sedor (MCN/UFPR); Camila 406 

Domit (CEM/UFPR); Marta Cremer (UNIVILLE); Jules Soto (UNIVALI); Paulo César 407 

Simões-Lopes (UFSC); Maurício Tavares (CECLIMAR/IB/UFRGS); Eduardo Secchi 408 

(LTMM); Paula Laporta, Enrique Gonzales, Alfredo Lebas (ZVC/UY); MeicaValdivia, 409 

Eduardo Juri (MNHN-UY); David Flores, Sérgio Lucero, Liu Idárraga, Bárbara 410 

Tarnawski (MACN); Julio Loureiro, Sérgio Móron (Mundo Marino); Diego Rodriguez, 411 

Gisela Giardino, Pablo Denúncio, Agustina Mandiola (UNMDP); Els Vermeulen, 412 

Alejandro Cammareri (Marybio); Enrique Crespo (LAMAMA). To Karina Amaral and 413 

Dandara Rodrigues who prepared the maps. Camila Rigon helped with discriminant 414 

analysis. Marie-Françoise Van Bressem, André Barreto and especially Caio Carlos who 415 

constructively commented on early version of the manuscript, and Salvatore Siciliano 416 

who revised the present version. This research is part of the JCW’ MSc study at the 417 

Universidade Federal do Rio Grande do Sul. JCW was supported by Coordenação de 418 

Aperfeiçoamento de Pessoal de Nível Superior (Capes), Brazil. Additional funding was 419 



18 
 

provided by the Cetacean Society International (CSI) under the Grants-in-Aid of 420 

Research; Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) and 421 

Marinha do Brasil, Brazil (through the Project “A fauna de odontocetos no Brasil: 422 

subsídios para conservação”; process number 557182/2009-3); and Universidade 423 

Federal do Rio Grande do Sul, Brazil (Edital Missão de Curta Duração no exterior 424 

001/2011). This is a contribution of the Research Group ‘‘Evolução e Biodiversidade de 425 

Cetáceos/CNPq’’. 426 

 427 

 428 

Figure Legends: 429 

Fig. 1.—Results of the Principal Components Analysis (PCA) of 29 measurements 430 

of Tursiops truncatus (square) and T. gephyreus (cross). The lectotype of 431 

T. gephyreus (MACN 54.113) is shown with circle around it. 432 

Fig. 2.—Scatter plot of measurements of adults skulls of Tursiops truncatus (black 433 

circles) and T. gephyreus (hollow circles). Dotted line = 95% confidence interval. 434 

Fig. 3.—Skull illustrations of Tursiops truncatus (GEMARS 1495) (A) and T. 435 

gephyreus (GEMARS 0333) (B) in dorsal view, with five diagnostic characters (see 436 

details in results section). 437 

Fig. 4. – Dorsal view of adult bottlenose dolphin skulls. a) Tursiops aduncus (NMNH 438 

550945), b) Tursiops truncatus (UFSC 1287) and c) Tursiops gephyreus Lectotype 439 

(MACN 54.113). Scale 10cm. 440 

Fig. 5. – Ventral view of adult bottlenose dolphins skulls: a) Tursiops aduncus (NMNH 441 

550945), b) Tursiops truncatus (UFSC 1287) and c) Tursiops gephyreus Lectotype 442 

(MACN 54.113). Scale 10cm. 443 
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Fig. 6.—Sampling locations in the Southwestern Atlantic Ocean (SWA) of bottlenose 444 

dolphins analyzed in this study. A) Circles with dot: Tursiops truncatus; Algodoal and 445 

Chapadmalal are the limits of the T. truncatus based on verified records. B) Hollow 446 

circles: Tursiops gephyreus.  Atami Beach and Union Beach are the limits of the T. 447 

gephyreus based on verified records.   448 

 449 

Supporting Information 450 

Supporting Information S1.—List of bottlenose dolphin specimens examined and 451 
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Supporting Information S2.—Syncranial measurements and meristics analyses for 453 
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 465 



20 
 

Literature Cited: 466 

Baracho, C., S. Cipolotti, E. Marcovaldi, M. Apolinário and M. B. Silva. 2007. The 467 

occurrence of bottlenose dolphins (Tursiops truncatus) in the biological reserve of Atol 468 

das Rocas in north-eastern Brazil. Marine Biodiversity Records 1:1-4. 469 

Barreto A. S. 2000. Variação craniana e genética de Tursiops truncatus (Delphinidae, 470 

Cetacea) na Costa Atlântica da América do Sul. PhD Thesis, Universidade Federal do Rio 471 

Grande, Rio Grande, Brazil. 472 

Charlton-Robb, K., L. Gershwin, R. Thompson, J. Austin, K. Owen and S. W. McKechnie 473 

2011. A new dolphin species, the Burrunan Dolphin Tursiops australis sp. nov., endemic 474 

to southern australian coastal waters. Plosone 6:1-17. 475 

Committee on Taxonomy. 2015. List of marine mammal species and subspecies. Society 476 

for Marine Mammalogy. <www.marinemammalscience.org>. Accessed 02 July 2015. 477 

Costa, A. P. B. et al. 2015. Bottlenose dolphin communities from the southern Brazilian 478 

coast: do they exchange genes or are they just neighbours? Marine and Freshwater 479 

Research 12:1201-1210. 480 

Cracraft, J. 1983. Species concepts and speciation analysis. Current Ornithology 1:159-481 

187. 482 

Daura-Jorge, F. G., S. N. Ingram and P. C. Simões-Lopes. 2013. Seasonal abundance and 483 

adult survival bottlenose dolphins (Tursiops truncatus) in a community that cooperatively 484 

forages with fishermen in southern Brazil. Marine Mammal Science 29:293-311. 485 

Fruet P. F. et al. 2014. Remarkably low genetic diversity and strong population structure 486 

in common bottlenose dolphins (Tursiops truncatus) from coastal waters of the 487 

Southwestern Atlantic Ocean. Conservation Genetics 5:879-895. 488 

https://www.researchgate.net/journal/1755-2672_Marine_Biodiversity_Records


21 
 

Fruet, P. F., E. R. Secchi, J. C. Di Tullio and P. G. Kinas. 2011. Abundance of bottlenose 489 

dolphins, Tursiops truncatus (Cetacea:Delphinidae), inhabiting the Patos Lagoon estuary, 490 

southern Brazil: Implications for conservation. Zoologia 28: 23–30. 491 

Giacomo, A. B.  and P. H. Ott. in press. Long-term site fidelity and residency patterns 492 

of bottlenose dolphins (T. truncatus) in the Tramandaí Estuary, southern Brazil. Latin 493 

American Journal of Aquatic Mammals. 494 

Goodall, R. N. P. et al. 2011. Southernmost records of bottlenose dolphins, Tursiops 495 

truncatus. Polar Biology 34:1085-1090. 496 

Goodall, R. N. P., N. Dellabianca, C. C. Boy, L. G. Benegas, L. E. Pimper, and L. 497 

Riccialdelli. 2008. Review of small cetaceans stranded or incidentally captured on the 498 

coasts of Tierra del Fuego, Argentina, over 33 years. International Whaling Commission. 499 

Working Paper SC/60/SM21. 500 

Gray, J. E. 1850. Catalogue of the specimens of Mammalia in the collection of the British 501 

Museum - Part I:Cetacea. British Museum  of Natural History. Department of 502 

Zoology. Red Lion Court, London. 503 

Hammer, O., D. A. T. Harper and P. D. Ryan. 2001. Past: paleontological statistics 504 

software package for education and data analysis. Palaeontologia Electronica 4:1–9. 505 

Hersh, S. L., D. K. Odell and E. D. Asper. 1990. Sexual dimorphism in the bottlenose 506 

dolphins from the east coast of Florida. Marine Mammal Science 6:305-315. 507 

Hershkovitz, P. 1966. Catalog of Living Whales. Smithsonian Institution, US National 508 

Museum Bulletin. Government printing office. Washington, D. C. 509 

http://www.biodiversitylibrary.org/creator/3396
http://www.biodiversitylibrary.org/creator/3396


22 
 

International Commission on Zoological Nomenclature. Opinion 1413. Delphinus 510 

truncatus Montagu, 1821 (Mammalia: Cetacea): conserved. Bulletin of Zoological 511 

Nomenclature 43:256-257. 512 

IUCN. 2001. International Union for Conservation of Nature - Red List Categories and 513 

Criteria version 3.1. <http://www.iucnredlist.org/technical-documents/categories-and-514 

criteria/2001-categories-criteria>. Accessed 10 January 2016.. 515 

Jefferson, T. A., M. A. Webber, and R. L. Pitman. 2008. Marine Mammals of the World: 516 

A comprehensive guide to their identification. Academic Press, London. 517 

Kemper, C. M. 2004. Osteological variation and taxonomic affinities of bottlenose 518 

dolphins, Tursiops spp., from South Australia. Australian Journal of Zoology 52:29-48. 519 

Lahille, F. 1908. Nota sobre un delfín. Anales del Museo Nacional de Buenos Aires 520 

3:347-367. 521 

List of Endangered Fauna of the State of Rio Grande do Sul. 2014. Lista das Espécies da 522 

Fauna Silvestre Ameaçadas de Extinção no Rio Grande do Sul. 2016. 523 

<http://www.al.rs.gov.br/filerepository/repLegis/arquivos/DEC%2051.797.pdf>. 524 

Accessed 10 January 2016.  525 

Mayr, E. and P. D. Ashlock. 1991. Principles of Systematic Zoology. 2nd ed. MacGraw-526 

Hill College. New York City, New York. 527 

Mead, J. G. and Fordyce. 2009. The Therian Skull - A Lexicon with emphasis on the 528 

odontocetes. Smithsonian Institution Scholarly Press, Washington D.C. 529 

Möller, L., J. Wiszniewski, S. J. Allen and L. B. Beheregaray. 2007. Habitat type 530 

promotes rapid and extremely localised genetic differentiation in dolphins. Marine and 531 

Freshwater Research 58:640-648. 532 

http://www.al.rs.gov.br/filerepository/repLegis/arquivos/DEC%2051.797.pdf


23 
 

Moreno, I. B., et al. 2009. Os Cetáceos com ênfase no golfinho nariz-de-garrafa, Tursiops 533 

truncatus (Montagu, 1821). Pp.287-292 in O Arquipélago de São Pedro e São Paulo: 10 534 

anos de Estação Científica. (F. H. V. Hazin, ed.). Secretaria da Comissão Interministerial 535 

para os Recursos do Mar, Brasília, Distrito Federal. 536 

Natoli, A., V. M. Peddemors ans A. R. Hoelel. 2004. Population structure and speciation 537 

in the genus Tursiops based on microsatellite and mitochondrial DNA analyses. Journal 538 

of Evolutionary Biology  17: 363–375 539 

Nelson, G. and N. I. Platnick. 1981. Systematics and biogeography: cladistics and 540 

vicariance. Systematic Biology.Columbia University Press. New York City, New York.  541 

Nixon, K. C. and Q. D. Weeler. 1990. An amplification of the phylogenetic species 542 

concept. Cladistics 6:211-223. 543 

Ott, P. H. et al. in press. Report of the working group on taxomomy and stock identity 544 

of bottlenose dolphins in the Southwestern Atlantic Ocean. Latin American Journal of 545 

Aquatic Mammals. 546 

Perrin, W. F. 1975. Variation of spotted and spinner porpoise (Genus Stenella) in the 547 

eastern Pacific and Hawaii. Bulletin of the scripps. Institution of Oceanography, 548 

University of California, San Diego 21:1–211. 549 

Perrin, W. F. 1984. Patterns of geographical variation in small cetaceans. Acta Zoologica 550 

Fennica 172:137-140. 551 

Perrin, W. F. 2009. Common Bottlenose dolphins, Tursiops truncatus. Pp. 249 in 552 

Encyclopedia of Marine Mammals. (Perrin WF, Würsig B, and Thewissen JGM eds.) 553 

Academic Press, United States of America. 554 



24 
 

Pryor, K. W. 1990. Non-acoustic communication in small cetaceans: glance, touch, 555 

position, gesture, and bubbles. Pp. 537-544 in Sensory abilities of cetaceans: laboratory 556 

and field evidence (J. A. Thomas and R. A. Kastelein, eds.). Plenum, New York 557 

Ramos, L. A. and J. P. Vieira, 2001. Composição específica e abundância de peixes de 558 

zonas rasas dos cincos estuários do Rio Grande do Sul. Boletim do Instituto de Pesca 559 

27:109-121. 560 

Remsen Jr., J. V. 2005. Pattern, process and rigor meet classification. BioOne 2:403-413. 561 

Rice D. W. 1984. Delphinus truncatus Montagu, 1821 (Mammalia: Cetacea): proposed 562 

conservation by suppression of Delphinus nesarnack Lacépède, 1804. Bulletin of 563 

Zoological nomenclature. 41:274-275. 564 

Rice D. W.1998. Marine Mammals of the world - Systematics and Distribution. Allen 565 

Press, Inc. Lawrence, United States of America. 566 

Ross, G. J. B. 1977. The taxonomy of bottlenose dolphins Tursiops species in South 567 

African waters, with notes on their biology. Annals of the cape provincial museums 568 

Natural History 11:135-194. 569 

Ross, G. J. B. and V. C. Cockcroft. 1990. Comments on Australian bottlenose dolphins 570 

and the taxonomic status of Tursiops aduncus (Ehrenberg, 1832). Pp. 101-128. in The 571 

Bottlenose Dolphin (Leatherwood S. and Reeves R. R.). Academic Press, New York. 572 

Seeliger, C. U. and J. P. C. Odebrecht. 1997. Os ecossistemas costeiro e marinho do 573 

extremo sSul do Brasil. Ecosentia, Rio Grande, Brasil. 574 

Siciliano, S., I. B. Moreno, E. D. Silva, V. C. Alves. 2006. Baleias, botos e golfinhos na 575 

Bacia de Campos, ENSP/FIOCRUZ, Rio de Janeiro. 576 



25 
 

Simões-Lopes, P. C., M. E. Fabián and J. O. Menegheti. 1998. Dolphin interactions with 577 

the mullet artisanal fishing on southern Brazil: a qualitative and quantitative approach. 578 

Revista Brasileira de Zoologia 15:709-726. 579 

SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS 580 

Inc. 581 

Systat Software, Inc.2007. SigmaStat 3.5.  San Jose California USA. 582 

Tabajara, L. 1992. Aspectos da relação pescador-boto-tainha no estuário do Rio 583 

Tramandaí-RS. Pp 17-49 in Os botos do rio Tramandaí: prefeitura municipal de 584 

Tramandaí e Universidade Federal do Rio Grande do Sul (E. Padilha and H. Trindade, 585 

eds.). Tramandaí, Rio Grande do Sul.  586 

Tavares, M. et al. 2010. Biogeography of common dolphins (genus Delphinus) in the 587 

Southwestern Atlantic Ocean. Mammal Review 40:40–64. 588 

Tolley, K. A.et al. 1995. Sexual dimorphism in wild bottlenose dolphins (Tursiops 589 

truncatus) from Sarasota, Florida. Journal of Mammalogy 76:1190-1198. 590 

Vanzolini, P. E. 1993. Métodos estatísticos elementares em sistemática zoológica. 591 

Hucitec, São Paulo, Brasil. 592 

Varela, E. A. et al. 2010. Revisión y actualización de la colección de mamíferos marinos 593 

del museo Aregentino de Ciencias Naturales Bernardino Rivadavia (Buenos Aires, 594 

Argentina). Mastozoología Neotropical 17:213–218. 595 

Vieira, A. J. and J. M. Garrett. 2005. Understanding interobserver agreement: the Kappa 596 

statistic. Family Medicine 37:360–363. 597 



26 
 

Wang, J., L. S. Chou and B. N. White. 2000a. Differences in the external morphology of 598 

two sympatric species of bottlenose dolphins (Genus Tursiops) in the waters of China. 599 

Journal of Mammalogy 81:1157-1165. 600 

Wang, J., L. S. Chou and B. N. White. 2000b. Osteological differences between two 601 

sympatric forms of bottlenose dolphins (genus Tursiops) in Chinese waters. Journal of 602 

Zoology 252:147–162. 603 

Wells, R. S. and M. D. Scott. 2009. Common Bottlenose Dolphin Tursiops truncatus. Pp. 604 

249-255 in Encyclopedia of Marine Mammals (Perrin WF, Würsig B, and Thewissen 605 

JGM eds.). Academic Press, New York. 606 

Zappes, C. A., C. E. N. Gatts, L. F. Lodi, A. Andriolo and A. P. M. Di Beneditto. 2010. 607 

Descrição do comportamento do golfinho nariz-de-garrafa, Tursiops truncatus Montagu, 608 

1821 (Cetacea: Delphinidae), através da etnoecologia e da lógica Fuzzy. Revista 609 

Brasileira de Biociências 3:291-304. 610 

  611 



27 
 

 612 

 613 

Figure 1. Results of the Principal Components Analysis (PCA) of 29 measurements 614 

of Tursiops truncatus (square) and T. gephyreus (cross). The lectotype of 615 

T. gephyreus (MACN 54.113) is shown with circle around it. 616 

 617 

 618 

 619 

Figure 2. Scatter plot of measurements of adults skulls of Tursiops truncatus (black 620 

circles) and T. gephyreus (hollow circles). Dotted line = 95% confidence interval. 621 

 622 
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 623 

Figure 3. Skull illustrations of Tursiops truncatus (GEMARS 1495) (A) and T. 624 

gephyreus (GEMARS 0333) (B) in dorsal view, with five diagnostic characters (see 625 

details in results section). 626 
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 627 

Figure 4. Dorsal view of adult bottlenose dolphin skulls. a) Tursiops aduncus (NMNH 628 

550945), b) Tursiops truncatus (UFSC 1287) and c) Tursiops gephyreus Lectotype 629 

(MACN 54.113). Scale 10cm. 630 
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 633 

 634 

Figure 5. Ventral view of adult bottlenose dolphin skulls: a) Tursiops aduncus (NMNH 635 

550945), b) Tursiops truncatus (UFSC 1287) and c) Tursiops gephyreus Lectotype 636 

(MACN 54.113). Scale 10cm. 637 
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 639 

 640 
Figure 6. Sampling locations in the Southwestern Atlantic Ocean (SWA) of bottlenose 641 

dolphins analyzed in this study. A) Circles with dot: Tursiops truncatus; Algodoal and 642 

Chapadmalal are the limits of the T. truncatus based on verified records. B) Hollow 643 

circles: Tursiops gephyreus.  Atami Beach and Union Beach are the limits of the T. 644 

gephyreus based on verified records. 645 
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