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Bottlenose dolphins (Tursiops truncatus; here-
after “dolphins”) are considered sentinels of the 
marine environment due to their relatively long 
life span and their status as top-level predators 
in the marine food chain (Wells et al., 2004). 
Vertebral malformations are not unknown in free-
ranging dolphins (Wilson et al., 1997; Berghan & 
Visser, 2000; Haskins & Robinson, 2007; Bearzi 
et al., 2009; DeLynn et al., 2011). These vertebral 
deformities can become outwardly apparent in the 
form of scoliosis (a lateral curvature of the spine), 
kyphosis (i.e., increased convexity in the curva-
ture of the spinal column as viewed from the side), 
and/or lordosis (anterior concavity in the curva-
ture of the vertebrae) (Wise et al., 1997).

Scoliosis has been divided into two distinct cat-
egories: (1) idiopathic scoliosis (IS) and (2) con-
genital scoliosis (CS), each of which is defined 
based upon the probable cause. IS develops in 
both young and adult dolphins and has no single 
known cause. It is hypothesized that IS is a result 
of infectious disease (such as spondylo-osteo-
myelitis [Kompanje, 1995] and diskospondyli-
tis [Alexander et al., 1989]); trauma (Kompanje 
& García Hartmann, 2001; DeLynn et al., 
2011), including boat strikes (Robinson, 2014); 
and intraspecific aggression (Nutman & Kirk, 
1988; Watson et al., 2004; DeLynn et al., 2011). 
Alternately, CS occurs as a result of anomalous 
embryonic development (DeLynn et al., 2011). 
In other species, such as humans and mice, chro-
mosomal abnormalities and allelic mutations in 
genes associated with developmental pathways 
have been observed (Giampietro et al., 2003; 
Farley, 2010; Giampietro, 2012). Also, in humans, 
CS has been demonstrated to be likely caused by 
environmental factors such as exposure to terato-
gens present in the ecosystem (Giampietro et al., 
2003; Giampietro, 2012). 

Cases of vertebral malformations in ceta-
ceans have been documented in multiple geo-
graphic regions, including northeastern Scotland 
(Wilson et al., 1997; Haskins & Robinson, 2007), 
New Zealand, and Iceland (Berghan & Visser, 
2000). The dolphin population of the Moray Firth 
in Scotland has been documented as having a 
high prevalence of vertebral deformities (Haskins 
& Robinson, 2007). A 4-y study by Wilson et al. 
(1997) documented physical malformations that 
included observations of “humpbacked” animals, 
the presence of “lumps” protruding from the lat-
eral sides of several individuals, and bent dorsal 
fins in 6% of the Moray Firth dolphin population. 
Within this 6% that presented with physical mal-
formations, the prevalence of conformational ver-
tebral deformities was calculated at 4.9% (Wilson 
et al., 1997).

An adult dolphin exhibiting lordosis and kypho-
sis was sighted on 25 September 2015 during 
a photo-identification (photo-ID) survey in the 
northern Gulf of Mexico estuary, Lake Borgne, 
Louisiana. Lake Borgne designates the western 
boundary of the Mississippi Sound (MSS), delin-
eated by lines that connect Malheureux Point with 
Le Petit Pass (Eleuterius, 1978a; Figure 1). This 
is the first known report of a dolphin with out-
wardly apparent vertebral deformities in the MSS. 
The data presented provide a basis for comparison 
with other cases from the literature. The Institute 
for Marine Mammal Studies (IMMS) in Gulfport, 
Mississippi, has conducted monthly boat-based 
photo-ID surveys in the MSS since 2011 (weather 
permitting). The survey platform was a 6.4-m vessel 
powered by a single 150-hp Evinrude E-Tech out-
board engine and traveling at a maximum speed of 
40 km/h while on survey. Boat speed was reduced 
to match the pace of a dolphin group during a 
sighting, which lasted no longer than 30 min (as 
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per Permit GA LOC #18185). A minimum of four 
observers searched for dolphins and recorded the 
sightings. Group size, composition, and behavioral 
states were documented in addition to weather and 
environmental conditions such as sea state, depth, 
and water quality (temperature, pH, salinity, and 
dissolved oxygen). Group locations were recorded 
using a handheld Garmin GPSmap76 global posi-
tioning system (GPS), and photographs of indi-
vidual dorsal fins in each group were taken using 
a Canon EOS 50D or 60D digital camera with a 
Canon 400-mm zoom lens.

The MSS has a surface area of ~2,100 km2 
(Eleuterius, 1978a, 1978b) and extends from Lake 
Borgne, Louisiana, to Mobile Bay, Alabama. This 
area is home to one of the largest estuarine popu-
lations of bottlenose dolphins in the United States 
(Waring et al., 2014). Seasonal population size 
estimates range from 738 (CV = 31.3%) to 3,236 
(CV = 21.6%) (Pitchford et al., 2016). The surface 
area of Lake Borgne is 730 km2, with an aver-
age depth of 3 m and an average salinity of 7 ppt 
(U.S. Environmental Protection Agency [USEPA], 
1999).

All sighting data were entered into FinBase, 
Version 2.0, and sighting location coordinates 
were imported into ESRI® ArcMap™, Version 9.3. 
Using Darwin, Version 2.22, each individual fin 
encountered during the survey was compared 
against the IMMS database to determine the indi-
vidual’s previous sighting history. Once all indi-
viduals were compared against the IMMS data-
base (n = 2,886 at the time of the sighting), the 
apparent prevalence (AP) of vertebral deformities 
in the dolphin population of the MSS was esti-
mated by adapting calculation methods used by 
Greiner & Gardner (2000).

On 25 September 2015, during a dolphin survey 
of Lake Borgne, a dolphin with obvious vertebral 
malformations was observed in Le Petit Pass, 
southwest of Le Petit Island in St. Bernard Parish, 
Louisiana (30° 5' 3.984" N, -89° 29' 8.879" W). 
The individual was seen in association with an 
estimated 12 adult dolphins that were feeding 
behind a shrimp trawler. Feeding behavior was 
evidenced from fish seen in mouths, the presence 
of fish, and birds feeding alongside the dolphins 
as defined in Cook et al. (2004). Trawler foraging 

Figure 1. Le Petit Pass, the sighting area of a bottlenose dolphin (Tursiops truncatus) with visually detectable lordosis and 
kyphosis
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was defined by diving behavior in the area sur-
rounding the trawler’s net (Chilvers & Corkeron, 
2001). 

The individual encountered was an adult dol-
phin (adult age class categorized as an individual 
approximately 2.5 to 3 m in length; Bearzi et al., 
1997) of unknown sex. During the encounter, 
researchers were able to visually assess the major-
ity of the dorsal portion of the body, spanning 
from the melon to the caudal peduncle near the 
flukes. Body areas not viewed included the ven-
tral surface (including pectoral fins) and both the 
ventral and dorsal areas of the flukes. 

To confirm the condition, a veterinarian was con-
sulted during photographic analysis. The animal 
was observed to have lordosis at the thoracic region 
(Figure 2a) and kyphosis in the dorsocaudal region 
(Figure 2b). A slight kyphotic hump was also vis-
ible on the right lateral side of the dolphin, directly 
caudal to the dorsal fin (Figure 2c).

The IMMS database contains a total of 2,886 
dolphins individually identified since 2011. The 
dolphin observed was not present in the database, 
which includes photo-ID data spanning a total of 
4 y, and was consequently added. The observation 
of the malformed dolphin marked the first case of 

Figure 2. Pictures of an adult dolphin observed on 25 September 2015 in the Mississippi Sound (MSS) with lordosis 
(designated by arrow in “a”) and kyphosis (designated by arrow in “b”). A slight kyphotic hump was present on the right side 
of the dolphin, directly caudal to the dorsal fin (designated by arrow in “c”). 
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an individual with outwardly apparent vertebral 
malformations in our records and the first known 
dolphin with a spinal deformity in the MSS. The 
AP of vertebral deformities within this population 
was estimated to be 0.037%. It should be noted, 
however, that the actual prevalence of vertebral 
deformities within this population may be much 
higher in actuality as some malformations may 
not be outwardly apparent.

Observations of dolphins with vertebral defor-
mities resulting from trauma are usually accompa-
nied by skin lesions, wounds, or scars thought to be 
the result of injury (Wilson et al., 1997; Patterson 
et al., 1998; Berghan & Visser, 2000; Bearzi et al., 
2009; Robinson, 2014). Entanglements with fish-
ing gear and boat collisions often leave visually 
distinct scarring on cetaceans. Characteristics of 
past entanglements often include linear scars in 
the form of lacerations caused by monofilament 
line and nets, and abrasions resulting from gear 
rubbing on the animal’s skin (Wells et al., 1998, 
2008). Injuries caused by boat strikes are charac-
terized by parallel and evenly spaced wounds or 
scarring and are typically observed on the dorsal 
fin and/or on the dorsocaudal region (Wells & 
Scott, 1997). In the case of this observed dolphin, 
visual assessment indicated a lack of scarring on 
the body, suggesting it is unlikely that this malfor-
mation was a result of traumatic injury. 

Despite the vertebral deformity, the dolphin’s 
motor function appeared to be relatively unaf-
fected as evidenced by normal feeding behavior, 
as well as by the location of the malformation 
itself. The swimming motion of cetaceans is facil-
itated by the dorsoventral undulation of the caudal 
region in conjunction with the movement of the 
flukes (Fish & Hui, 1991; Long et al., 1997; Pabst, 
2000). However, the deformities observed on the 
dolphin appeared to be present mainly in the mid-
thoracic region of the body. Therefore, it is likely 
that the malformation may not have had much 
impact on the individual’s locomotion. More data 
are needed to gain a comprehensive understand-
ing of the effects of vertebral malformations on 
the swimming motion of cetaceans. Berghan & 
Visser (2001) described the swimming behavior 
of a scoliotic Hector’s dolphin (Cephalorhynchus 
hectori) calf observed in New Zealand as having 
a pulse-like motion (moving forward in bursts); 
however, it appeared to travel at the same speed 
as the adult by which it was accompanied. 
Moreover, Kranenbarg et al. (2005) demonstrated 
that lordotic vertebrae in European sea bass 
(Dicentrarchus labrax L.) became acclimated to 
the increase of lateral muscle activity and bending 
movement by having greater bone deposition than 
normal vertebrae. It should be noted, however, 
that some causes of vertebral malformations, such 

as trauma, may also cause secondary ailments, 
such as infection (Bertulli et al., 2015), making 
it difficult to ascertain the role of the abnormality 
in assessing the animals’ longevity in some cases.

The observed dolphin was an adult (~2.5 to 3 m 
long), which is not uncommon for an animal with 
this type of deformity (Berghan & Visser, 2000; 
Watson et al., 2004; Haskins & Robinson, 2007). 
Case studies of dolphins with vertebral malforma-
tions have indicated that the condition may not 
pose a threat to longevity and reproductive fitness. 
Wells et al. (2008) described a male dolphin with 
scoliosis in its caudal peduncle that lived for over 
25 y. Similarly, DeLynn et al. (2011) reported a 
female resident dolphin in Sarasota Bay, Florida, 
that lived for 18 y and successfully gave birth to 
two calves despite showing characteristics of CS 
malformation. Long-term studies of the Sarasota 
dolphin population have determined that females 
may tend to have higher life expectancies than 
males (female mean age = 17.5 y, male mean age 
= 12.3 y; Wells et al., 1987), with the oldest dol-
phin aged over 50 y (Hohn et al., 1989; Wells & 
Scott, 1999).

 Home ranges of cetaceans have been docu-
mented to extend beyond the areas studied in mark-
recapture research (Durban et al., 2005; Urian et al., 
2015). While it is possible that others with similar 
outwardly apparent vertebral deformities have fre-
quented the region undetected, this encounter was 
the first known account of a dolphin presenting 
characteristics of vertebral malformation consist-
ing of lordosis and kyphosis in the MSS. 

This case provides a basis for comparison with 
other regions where vertebral malformations have 
been frequently documented (Ross & Wilson, 
1996; Wilson et al., 1997; Haskins & Robinson, 
2007; Bertulli et al., 2015). Prevalence of confor-
mational deformities in the dolphin population of 
the Moray Firth has been reported at 4.9% (Wilson 
et al., 1997). In comparison, the AP of vertebral 
malformation for the population of the MSS was 
calculated at 0.037%. Taking into consideration 
that monthly surveys have been occurring in this 
area since 2011, the AP provides an indication of 
the rarity of this condition in the MSS. Continued 
photo-ID study of dolphins in the MSS is neces-
sary to assess the status of the dolphin population. 
While opportunities for the collection of data in 
free-ranging animals are limited, future research 
would benefit from capture-release health assess-
ments of dolphins in the area. Radiographic evalu-
ation in conjunction with histopathological analy-
sis of dolphins with vertebral malformations would 
prove invaluable in identifying the etiology of the 
condition in the population. 
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