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ABSTRACT: The Franciscana dolphin Pontoporia blainvillei is characterized by a long rostrum,
a feature that is shared with the families formerly classified as river dolphins (Pontoporiidae,
Platanistidae, Iniidae, Lipotidae). Although there are occasional reports on the existence of beak
deformations, very little published information exists describing this process. The object of the
present study was to describe and quantify the beak anomalies of Franciscana dolphins from the
coastal waters of Argentina. Of 239 skulls analyzed 12 % showed beak deviations (BD), affecting
the premaxillary—maxillary and dentary bones to different extents. The occurrence of BD in the
dentary bone represented 58 %, whereas premaxillary—maxillary BDs were observed in 14 % of
the studied specimens, while the complete rostrum (dentary, premaxillary and maxillary) was
affected in 28 % of the skulls. Dorsoventral axis BD was more frequent than lateral BD (48 and
38%, respectively), and double BD was only observed in the dentary bone. Most of the BD
observed in this study could be classified as mild/moderate, and we assume that it did not affect
the feeding activities of individuals; however, 2 specimens (<1 %) showed a severe and complex
curvature that probably did affect them. The cause of these anomalies (natural or anthropogenic
origins) is unknown but may be related to important parasite loads, heavy metal and organic con-
taminants and plastic ingestion that could affect the coastal dolphin in different ways. A more
detailed and thorough study of these cranial anomalies is necessary.
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INTRODUCTION

The Franciscana dolphin Pontoporia blainvillei is a
small cetacean endemic to the southwestern Atlantic
Ocean, ranging from Itatinas (18°25'S, 30°42'W,
Brazil) to Golfo Nuevo (42°35'S,64°48' W, Argentina)
(Siciliano 1994, Crespo et al. 1998, Bastida et al.
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2007). Its distribution is restricted to coastal waters
up to 30 m depth (Pinedo et al. 1989, Danilewicz et al.
2009), which makes it vulnerable to anthropogenic
activities (Ott et al. 2002 and references therein).
Between 2000 and 3000 Franciscana dolphins are
incidentally caught each year (Cappozzo et al. 2007,
Negri et al. 2012), which is the main reason for clas-
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sifying this species as "Vulnerable' along its whole
distribution (Reeves et al. 2012).

Though incidental captures represent the main
threat to the species, little is known about their dis-
eases and natural mortality (Danilewicz et al. 2002).
Even less is known about skeletal and skull diseases
and/or anomalies. Skull diseases of Franciscana dol-
phins have briefly been reported by Gerholdt (2006),
with rostral anomalies observed in one specimen.
Grey literature mentions several cases of anomalies
in the skull of Franciscana dolphins—ifrom Brazil
and Argentina— but does not discuss possible impli-
cations for the health and survival of the affected
specimens (Ott et al. 1996, Junin et al. 1997).

Some osteological anomalies (i.e. vertebral anoma-
lies) result from degenerative processes associated
with aging (Kompanje 1995), whereas others result
from pathological or unknown origin and may affect
young individuals, resulting in severe functional lim-
itations or even death at pre-reproductive stages
(Félix et al. 2007). Anomalies of the rostral bones
could affect and interfere with feeding mechanisms
or trophic strategies and could have consequences
for the survival of individuals. The objective of the
present study was to quantify and describe the pres-
ence of beak deviations affecting the skulls of Fran-
ciscanas in the coastal waters of Argentina.

MATERIALS AND METHODS

A total of 239 skulls of Franciscanas accidentally
captured or stranded along the coasts of the Buenos
Aires Province were studied. Skull samples from the
Marine Mammal Laboratories of the Museo Argen-
tino de Ciencias Naturales ‘Bernardino Rivadavia'
(MACN) and the Universidad Nacional de Mar del
Plata (UNMDP), Argentina, were studied.

Crania and mandibles of each specimen were ex-
amined, and beak deviations (BD) were recorded
and classified by bones affected (premaxillary, max-
illary and dentary), axis of the deviation (dorsoven-
tral and lateral) and type of anomaly (anomalies with
single or double curvature; see Figs. 1B,C). Skulls
were also classified on the basis of the degree of beak
deviation (moderate or severe), taking into account
whether bone malformation affects the normal use of
jaws during its feeding activities. Additional informa-
tion about sex, standard length (SL) and stranding or
capture localities of the specimens were also re-
corded (see Table 1).

Data was expressed in relative frequency of occur-
rence (FO%), defined as the number of times a mal-

formation occurs in the total of specimens analyzed.
Log-linear analysis of associations between frequen-
cy of malformation related to sex and age class were
used. Age classes were defined as newborn/calves to
specimens up to 100 cm and juvenile/adults to speci-
mens >100 cm SL (Rodriguez et al. 2002, Denuncio et
al. 2013).

RESULTS

A total of 239 skulls were analyzed of which 12%
(n = 29) showed BDs. Such BDs involved bones of
both the cranium (premaxillary and maxillary) and/
or the mandible (dentary bone) in different ratios and
combinations (Table 1).

For a better understanding of each deviation, a
basic control skull has been included in the Figs. 1A
& 2A,C. The BD of the dentary bone (Fig. 1) was the
most frequent malformation (58 % of total instances),
accompanied by the abnormal curve of the premaxil-
lary-maxillary bones of the skull (14 %; Fig. 2). The
presence of BD in both the upper and lower jaws was
observed in 28 % of the affected specimens (Fig. 3).
In all cases, the same axis deviation (lateral, dorso-
ventral, or both) was found in the premaxillary—
maxillary and dentary.

Dorsoventral BD accounted for 48.2 % of all anoma-
lies (Fig. 2B), whereas the lateral axis anomalies
accounted only for 41.3% (Fig. 2D). Left side curva-
tures were more frequent than to the right side (8 vs.
3). Complex anomalies (showing both types of devia-
tions) were found in 10.5 % of total anomalies (Fig. 3).
Moreover, malformations showed both a single cur-
vature (Fig. 1B) and double curvature (Fig. 1C), with
a clear dominance of the single ones (71 %). Double
curvatures were not found in lateral axis deviations.

All dolphins died entangled in gill nets and were
in good body condition. Log-linear models revealed
a significant effect of sex, with males having a signifi-
cantly higher prevalence of BD than females (Table 2).
Age class did not significantly affect prevalence
(Table 2). The presence of BD was independent of the
bone affected (32 = 1.24; df = 2; p = 0.536).

DISCUSSION

Several studies have reported the presence of bone
diseases and traumata in cetaceans worldwide (i.e.
Lambertsen 1992, McFee et al. 1997, Pascual et al.
2000, Van Bressem et al. 2006, 2009). Van Bressem et
al. (2007) reviewed the external affections of ceta-
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Table 1. Description of anomalous skull of Pontoporia blainvillei from Argentina. MACN: Museo Argentino de Ciencias Naturales; UNMDP:
Universidad Nacional de Mar del Plata; TL: total length; Dors.: dorsal; Vent.: ventral; M: male; F: female. nd: no data; —: not present

Collection ID Date of Sex Age TL Locality — Malformed bones

stranded or (yr) (cm) Dentary Premaxillary-Maxilary

by caught Axis Type Axis Type
MACN N-04-04 /25456 21 Sep 2004 F 1 1125 Necochea Dors.—Vent. Double Dors.—Vent. Simple
MACN CL-09-02/26036 27 Feb 2009 F 4 142.0 Claromeco6 Lateral Simple - -
MACN MH-11-02 1 Jan 2011 F 4 1445 Monte Hermoso Lateral Simple - -
MACN N-98-07 /25448 1998 F 4 158.5 Necochea Both Simple Both Simple
MACN MH-04-01 1 May 2004 M 1 98.3 Monte Hermoso Dors.—Vent. Double - -
MACN N-04-06 /25455 15 Sep 2004 M 2 112.0 Necochea Lateral Simple - -
MACN BB-09-01/26032 1 Sep 2005 M 7 1275 Bahia Blanca Lateral Simple - -
MACN BB-03-02/26031 1 Dec 2009 M 8 135.0 Bahia Blanca Dors.—Vent. Simple Dors.—Vent. Simple
MACN N-04-01/24827 1 Aug 2004 M 13 141.5 Necochea Dors.—Vent. Simple Dors.—Vent. Simple
MACN N-90-05 /25459 1990 nd nd nd Unknown Dors.—Vent. Simple - -
MACN N-89-21 /25469 1989 nd nd nd Unknown Lateral Simple - -
MACN 25313 nd nd nd nd Unknown Lateral Simple - -
MACN 25.167° nd nd nd nd Mar del Plata - - Lateral Simple
MACN 27.39 Feb 1997 nd nd nd Necochea/Claromec6 Lateral Simple - -
UNMDP Pb1808 3 Aug 2008 F 1 119.0 Claromecé - - Dors.—Vent. Simple
UNMDP Pb2108 8 Nov 2008 F 5 150.0 Claromec6 Lateral Simple - -
UNMDP AH10 5 Dec 1997 F 54.4 San Clemente Both Simple Both Double
UNMDP AH26 12 Jan 1996 F 107.5 Samboromboén - - Dors.—Vent. Simple
UNMDP Pb7010 6 Mar 2010 M 0 81.0 Rio Salado Dors.—Vent. Double - -
UNMDP Pb2708 4 Dec 2008 M 1 105.0 Necochea - - Dors.—Vent. Simple
UNMDP Pb0808 23 Feb 2008 M 3 129.0 Claromec6 Dors.—Vent. Simple Dors.—Vent. Simple
UNMDP Pb3409 10 Jan 2009 M 5 136.0 Nueva Atlantis Both Simple Both Simple
UNMDP AHO08 13 Jan 1998 M nd 119.0 Samborombén Dors.—Vent. Simple - -
UNMDP AH17 7 Jan 1998 M nd 1154 Samborombén Lateral Simple - -
UNMDP AH31 18 Mar 1998 M nd 151.0 Pinamar Lateral Simple - -
UNMDP AHO03 18 Mar 1998 nd nd 1070 Pinamar Lateral Simple Lateral Simple
UNMDP AHO05 18 Mar 1998 nd nd 115.0 Punta Médanos Dors.—Vent. Double - -
UNMDP AH19 25 Jun 1995 nd nd 115.0 San Clemente Dors.—Vent. Simple - -
UNMDP AH32 9 Jan 1996 nd nd 136.0 Chapadmalal Dors.—Vent. Simple - -

“Deviation with evidence of fracture (published in Junin et al. 1997)

Female - 117 cm TL - Rio Salado, Bahia Samborombon ceans from South American waters (mainly

(UNMDP/Pb7210) from Brazil and Peru), as well as cutaneous
diseases (tattoo skin diseases, whitish velvety
lesions, lobomycosis-like diseases and roun-
ded cutaneous lesions) and internal affections
such as skeletal lesions (fractures or trauma,

osteomyelitis, osteolysis, crassicauda-related,
Male - 129 cm TL - Claromecd

(UNMDP/PbOBOS) malformations, etc.). Dental pathologies were

e 4

also recorded in cetaceans (Loch et al. 2011).
Some of the most common skeletal affections
recorded in cetaceans are incomplete closed
vertebral arches (Laeta et al. 2010), vertebral
Female - 112.5cm TL (mfgﬁgsﬂig ankylosis (DeLynn et al. 2011, Fettuccia et al.

2013), spondylitis (Van Bressem et al. 2007,

Fig. 1. Mandibular deviations in the skull of Ponto-
poria blainvillei from Argentina: (A) basic control
mandible; (B) abnormal mandibular bone deviation
with single curvature; and (C) abnormal mandible
deviation with double curvature. TL: total length
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Fig. 2. Premaxillary-maxillary deviations in

the skull of Pontoporia blainvillei from Ar-

gentina: lateral view of (A) basic control

skull, (B) dorsoventral axis curvature, and

dorsoventral view of (C) basic control skull

and (D) lateral axis deviation. TL: total
length

Fettuccia et al. 2013), anomalous cur-
vature of the spinous processes (De-
Lynn et al. 2011), brachygnathia and
prognatism (Van Bressem et al. 2007),
beak deviations (Montes et al. 2004,
Van Bressem et al. 2006) and fractures
and other traumata (Montes et al. 2004,
Van Bressem et al. 2006, 2007, San-
felice & Ferigolo 2012).

The only skull anomalies in Francis-
cana dolphins previously reported (Ott
et al. 1996, Junin et al. 1997, Gerholdt
2006) seem to affect the rostral bones.
Ott et al. (1996) found that <1 % of the
skull analyzed showed BDs in southern
Brazil specimens, whereas Junin et al.
(1997) reported a higher percentage of
BDs in Franciscanas (24%) from
Argentina, with the caveat that the
sample size was small (n = 25). Our
study reveals that 12% of 239 skulls
showed such anomalies affecting both
upper and lower jaws in different axes

S o —
: — — Y

Female - 54 cm TL - Cabo San Antonio

Male - 136 cm TL - Bahia Samborombon
(UNMDP/Pb3408)

(UNMDP/AH10)

Male - 117 cm TL - Mar del Plata
(UNMDP/AH25)

Male - 129 cm TL - Claromeco
(UNMDP/Pb0808)

—

Male - 117 cm TL - Mar del Plata
(UNMDP/AH88)

e s S

Male - 136 cm TL - Bahia Samboromboén
(UNMDP/Pb3409)

of deviations, bones affected and
degrees of abnormality.

The rostrum is the region that
showed all macroscopic malforma-
tions. These rostral deviations were
classified in the lateral axis, the
dorsoventral axis and in a complex,
i.e. including both directions. The
most common was the dorsoventral,
with moderate curvatures mainly of
the dentary bone. Such a description
has not been given in other Francis-

Fig. 3. Complex and severe beak devia-
tions in the skull of Pontoporia blainvillei
from Argentina, showing dorsoventral and
lateral deviations. (A) Dorsal and (B & C)
lateral views of the skull of a newborn
specimen. (D) Lateral view and (E) zoom
detail of the tip of the rostrum in a 5 yr old
specimen. TL: total length
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Table 2. Associations (likelihood ratio) between malforma-
tion, sex and standard length (SL). Statistical tests used were
from a hierarchical log-linear analysis of a contingency table
of malformation (2 levels: yes and no), sex (2 levels: males
and females) and SL (2 levels: newborn/calves and juvenile

adults)
Effect df x? P
Malformation—Sex 4 46.219 <0.001
Malformation—SL 4 5.349 0.253

cana studies; however, illustrations in the articles
published by Junin et al. (1997) and Gerholdt (2006)
allow us to see dorsoventral, lateral and complex
beak deviations in the species. Few examples have
been published for other cetaceans. Van Bressem et
al. (2006) and Montes et al. (2004) showed a dorso-
ventral deviation in a long-beaked common dolphin
Delphinus capensis.

Ferigolo (1987) suggested that anatomical malfor-
mation is not always synonymous with pathology;
however, it is difficult to determine whether such
variation reflects cases of congenital malformation or
is part of normal intraspecific morphological varia-
tion. The Franciscana rostrum is extremely long and
slender (Reeves et al. 2002), and it is in the rostral
region of the skull where most ontogenetic changes
are observed (Negri et al. 2009, Bastida 2010, Del
Castillo et al. 2014), increasing from <10 to 15% of
the relative standard length of the animal (Reeves et
al. 2002). Gerholdt (2006) suggested that this delicate
and long beak is more susceptible to fracture and dis-
turbance than the more robust beaks in other ceta-
ceans. In this sense, only one of the specimens ana-
lyzed in the present study showed a beak deviation
as a consequence of fracture (callus formation,
MACN25167; Junin et al. 1997). However, a high
number of complete beak fractures were observed
(not included in the present study), probably related
to entanglement in fishing nets.

Franciscana dolphins are accidentally captured by
gill nets throughout their geographical distribution
(Ott et al. 2002, Negri et al. 2012), and, despite the
fact that it is difficult to associate beak deviations
with netting, this small cetacean is generally entan-
gled by its pectoral flukes and beak. Thus, this kind
of anthropogenic activity may influence the course
of disease, as well as damage, caused directly by
trauma and injuries. Therefore, we cannot disregard
the possibility that in such situations minor trauma
may take place affecting ossification centers and,
subsequently, abnormal bone development during

the individual's growth. Our study reported the
presence of BD from newborn to adult dolphins, and
no mechanical interference in the mouth opening
was clearly visible. Based on this, we suggest that
these anomalies might not affect the feeding ecol-
ogy of the species, especially, if we consider that
Franciscana dolphins feed on small prey (fish and
cephalopods of 55 and 106.1 mm modal size; De-
nuncio 2012).

Bone anomalies were observed in all age classes
and sexes, with severe deviations seen in a newborn
female (UNMDP/Ah10) and in a 5 yr old adult male
(UNMDP/Pb3409) (Fig. 3). However, males were
more significantly affected by rostral deviations than
females. Possible sexual fights between males might
explain a higher prevalence of beak malformations
in males. Nevertheless, aggression between males
has not been observed (Danilewicz et al. 2004, Pane-
bianco et al. 2012a), and fresh and old tooth rakes
have not been recorded for the species.

Marine mammals accumulate heavy metals in their
tissues at different concentrations according to their
trophic level and environmental conditions (Gerpe et
al. 2002). They could suffer malformations due to the
effect of these substances that are absorbed by their
bodies when feeding (Watson & Bonde 1986, Wein-
stein 1995, Berghan & Visser 2000, Siciliano et al.
2005). Some of these contaminants, such as cad-
mium, may have an effect on the development of
bone tissue in various vertebrate groups, or they may
have mutagenic effects (Pragatheeswaran et al. 1987,
Wang & Bhattacharyya 1993, Filipic et al. 2006).

Franciscana dolphins accumulate heavy metals in
their tissues during their ontogeny (Gerpe et al.
2002). The latest studies of the effect of pollution on
Franciscanas, carried out in Argentina, describe the
presence of several heavy metals such as Hg, Cd, Cu
and Zn (Gerpe et al. 2002, Panebianco et al. 2011,
2012b, 2013, Polizzi et al. 2013) and variable metallo-
thionein concentrations (low-molecular weight pro-
tein biomarkers of chemical stress) (Polizzi et al.
2014). However, the authors suggest that these re-
sults correspond to the levels of healthy organisms
with background physiological values. However, we
cannot rule out that these heavy metals or other
contaminants not measured in these studies (e.g.
organic contaminants) affect this small dolphin and
could explain the cases of malformation recorded in
the present study. Plastic ingestion has also been reg-
istered in the stomach contents of this species
(Denuncio et al. 2011), and, despite the mechanical
obstruction of the gastrointestinal tract, there are
sublethal effects associated with the transfer of per-
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sistent organic pollutants trapped on the surface of
plastics (Rios et al. 2007).

Van Bressem et al. (2009) suggest that inshore,
estuarine and riverine cetaceans are particularly at
risk because coastal and fluvial ecosystems are often
dramatically degraded by human activities. How-
ever, as stated by Ferigolo (198%), it is hard to con-
clude whether such anomalies are a consequence of
extrinsic or intrinsic factors. This warrants further
investigation.

In summary, our study shows that cranial and
mandibular deviation in Franciscana dolphins is
fairly common and that males have a higher preva-
lence of BD than females. The vast majority of anom-
alies did not appear to interfere with jaw movements
and foraging abilities. Further research is necessary
to understand the process and causes of beak mal-
formation in Franciscanas and to evaluate the impact
of malformation on the survival of the affected
dolphins.
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