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Abstract: A juvenile Northern elephant seal (Mirounga angustirostris) with
kyphosis was rehabilitated and released. Radiographs revealed a divergence
of the thoracic vertebrae by an angle of 66.72 degrees. The pup was treated
with supportive care and released back into the wild. Diagnostic tech-
niques of marine mammal skeletal abnormalities and their rehabilitation
are discussed.
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INTRODUCTION

The population of Northern elephant seals (Mirounga
angustirostris) has grown steadily in the past century,
after being hunted to near extinction in the mid-
1800s (Bonnell et al 1974). The current population

is thought to have returned to pre-near extinction
numbers, estimated to be approximately 179,000
individuals (Carretta et al 2015). Stranded Northern
elephant seal pups are a common occurrence on
central California (CA) beaches in the spring months.
The overwhelming majority of these pups are molted
weanlings, many of whom have never learned to fish
for themselves and are still surviving off fat stores
from their mother’s milk. The most common causes
of stranding are malnutrition, Otostrongylus circumlitus
infection, and Northern elephant seal skin disease
(Colegrove et al 2005). There are over 32 institutions
licensed to rehabilitate marine mammals under
NOAA jurisdiction and over 120 participants to
respond to stranded marine mammals as part of the
marine mammal stranding network across the United
States (US) (NMFES 2011).

Stranding due to congenital skeletal abnormali-
ties in pinnipeds has not been published previously;
however, vertebral inconsistencies have been identi-
fied among apparently healthy wild elephant seals
(Anderson 2011). Kyphosis of the thoracic vertebrae
can give an animal a ‘humpback’ appearance and
complications from this spinal abnormality can be
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variable. It is a common congenital condition of
screw-tailed dogs due to a hemivertebrae, and most
cases present nonclinical (Moissonnier et al 2011).

In more severe cases of kyphosis in dogs, the angle
abnormality results in spinal cord stenosis, leading

to neurological impairment such as ataxia and pelvic
limb paresis (Charalambous et al 2014). The Cobb
angle has been used clinically to measure the angle of
divergence of spinal deformities in both human and
veterinary medicine and serves to categorize the degree
of spinal abnormality into three levels of severity: mild
(<15 degrees), moderate (15-60 degrees), and severe
(>60 degrees) (Aikawa et al 2007). Kyphosis of the tho-
racic vertebrae has not been documented previously
in elephant seals, though there are known cases that
have been rehabilitated and released by the Marine
Mammal Center (personal communication 2015).
This report describes the rehabilitation of a Northern
elephant seal pup with kyphosis and the use of the
Cobb angle to characterize the abnormality.

CASE REPORT
A 53.3 kg, 152 cm (117.26 1b, 60 in) male Northern
elephant seal pup was found stranded on a beach in
Malibu, CA in April 2015. The pup was brought to
the California Wildlife Center for evaluation and
rehabilitation. Intake procedures included physical
exam and bloodwork. The pup had a palpable defor-
mation of the thoracic vertebrae though was fully
ambulatory. The pup appeared mildly dehydrated with
a body condition score (BCS) of 2/5, but physical
examination was otherwise unremarkable. Chemistry
analysis run on an Abaxis VS2 (Abaxis, Union City,
CA) showed mild hypokalemia (blood potassium 4.6
mmol/L; reference range 4.7—6.1 mmol/L [Dierauf
and Gulland 2001]), but was otherwise normal.
Complete blood cell count was run on an Abaxis
HMS5 and all values were within reference range.

The pup was put on a refeeding program that
consisted of tube feeding a combination of electrolyte
solution and fish gruel (outlined in Table 1). On day
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Table 1. Northern elephant seal feeding schedule.

DAY FEEDING SCHEDULE FLUID/FOOD INTAKE
Intake 100 ml electrolyte solution (ES)* PO via orogastric tube (OT).
Day 1 AM Feed** 400 ml ES, 40 ml kaopectate,
468 mg potassium and 1 Mazuri® Vita-zu
mammal tablet PO via OT.
1 ml B vitamin complex *** |[M
Noon Feed 400 ml ES and 40 ml kaopectate PO via OT
PM Feed** 400 ml ES, 40 ml kaopectate, and 468 mg
potassium PO via OT
Day 2 AM Feed 250 ml ES, 150 ml Lafeber® Emeraid
Piscivore (LEP), 468 mg potassium and 1
Mazuri® Vita-zu mammal tablet PO via OT.
1 ml B vitamin complex IM
Noon Feed 200 ml ES, 200 ml LEP, 40 ml kaopectate
PO via OT
PM Feed 150 ml ES, 250 ml LEP, 40 ml kaopectate,
and 468 mg potassium PO via OT
Day 3 Fasted for radiographs
Days 4-8 AM, Noon and PM feeds | 400 ml gruel**** via OT
AM, Noon and PM feeds | 400 ml gruel PO via OT while gradually
Days 9-11 introducing fish through assisted feedings
AM, Noon and PM feeds | 200 ml water and 200 ml gruel via OT, 1 Ib
Days 12-15 herring handfed
AM, Noon and PM feeds | 300 ml water and 100 ml gruel via OT,
Days 16-19 1.5-2 Ib herring handfed
AM, Noon and PM feeds | 300 ml water, 2.5 Ib of herring bottom
Days 20-22 fed (BF) off a small pool
Day 23 AM, Noon and PM feeds | 2.5 Ib herring BF
Days 24-35( AM, Noon and PM feeds| 3 Ib herring BF.

*Electrolyte solution contains sodium, potassium, and bicarbonate.
** AM feeds are given at 9 AM, PM feeds are given at 4 PM.
*** Henry Schein® Vitamin B complex 150

**** Gruel contains a slurry of water, salt, potassium, bicarbonate, vitamin
B1, Mazuri® Vita-Zu mammal tablets, fish oil, vegetable oil, and herring.

three of intake a lateral radiograph was taken (TR 90,
MinXray, Northbrook, IL) and a marked kyphosis of
the cranial thoracic vertebrae was apparent affecting
T4-T6. There is possibly a hemivertebrae of the ver-
tebral body of the pup’s T5, though it is inconclusive.
It was decided to further classify the degree of the
abnormality using radiographic technique.

There are several methods for measurement of
spinal deformities, the most common being the Cobb
angle, the centroid angle, and the posterior tangent
method. All three techniques have been shown to
adequately measure angles of kyphosis with similar
reliability. Regional measurements (measuring only
thoracic vertebrae affected by the kyphosis) rather than
global measurements (measuring all thoracic vertebrae)
have been shown to be more reliable across all three
measurement techniques. Additionally, global angles
present a challenge, as often it is difficult to visualize

T1-T3 on radiographs of large animals
(Harrison et al 2001; Briggs et al 2007). A
regional Cobb angle was chosen as the
method of measurement because endplates
of the affected vertebrae were readily visual-
ized, though the vertebral bodies of all
affected vertebrae could not be determined,
making the centroid and posterior tangent
techniques problematic. The angle was
measured between the intersection of parallel
lines drawn from the cranial end plate of the
most cranially affected vertebrae (T4) and
the caudal end plate of the most caudally
affected vertebrae (T6) (Figure 1).Using the
regional Cobb angle technique, the curve
of the kyphosis was measured to be 66.72
degrees. The kyphosis was considered severe
given the angle measured was >60 degrees.
During the first 34 days of rehabilita-
tion, the pup was kept dry docked in a pen
with a colony of other Northern elephant
seal pups that ranged from 10 to 15 indi-
viduals. Once the pup was stable enough to
eat whole fish, he was fed in a shallow metal
pool and allowed to bottom feed for fish.
On Day 34, the pup was moved to the
prerelease pen with a large inground pool,
5x 10 x 3 ft, 1,100 gallons (3.05 x 0.91 x
1.52 m, 4,164 1). There, he was housed with
two other elephant seal pups. All three pups
were fed together in the large pool. He was
able to enter and exit the pool on his own
and swam well, but was only turning to the
right. His swimming was closely monitored
for the ability to turn to the left.

Figure 1. Lateral radiograph displaying the Cobb angle of T4-T6.
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On Day 45, it was observed that the pup could
turn left, although had a preference for turning right.
Requirements for release include a minimum weight
of 50 kg, ability to swim and dive in deep water, and
ability to compete with other elephant seals for food.
Once the pup met all of these requirements, he was
scheduled to be released on Day 52. Though the pup
still had a preference for turning right, he could swim
and dive sufficiently. Upon exit exam, the kyphosis
was less noticeable; however this was attributed to the
improved BCS rather than any spinal remodeling.
Follow up radiographs were not taken due to the
difficulty in restraining the pup at his release weight.
In-house bloodwork was repeated prior to release and

was within normal limits. The pup was released at
Nicholas Canyon beach in Malibu.

DISCUSSION

Though it is possible to have kyphosis in an animal

as a result of traumatic injury, the more likely cause

in this case was a congenital defect either of the spine
or collagen. Vertebral body malformation (hemiverte-
brae) of the thoracic vertebrae has been documented
to commonly cause a kyphosis in screw-tailed dogs
such as French and English bulldogs. This is thought
to be due to the normal presence of hemivertebrae in
the coccygeal vertebrae, which results in the screw-tail
appearance. Even a minor vertebral body malforma-
tion with repeated trauma has been shown to induce a
kyphosis (Jeffery et al 2007). Severe kyphosis can cause
neurological symptoms from spinal cord compression
such as incontinence and paresis, however the range
of clinical signs can vary from subclinical to debilitat-
ing (Jeffery et al 2007; Aikawa et al 2007).

It is difficult to extrapolate these findings in dogs
to male Northern elephant seals whose weight can eas-
ily reach upwards of 2,268 kg (5,000 Ib). The consider-
able force placed on the seal’s spine due to its massive
size was taken into consideration in the release of this
animal. The top priorities were to release the pup with
no clinical signs of pain and an ability to feed itself
in the wild. During the entire course of rehabilita-
tion, the pup never showed any ambulatory defects
or other symptoms to indicate that he was in pain.
When fed in a pool with conspecifics, the pup was
able to compete adequately for the provided food and
gained weight at a similar rate as his pen mates. This
indicated to the staff that the pup most likely stranded
due to malnutrition from lack of resources, like so
many other marine mammal strandings, rather than
due to his kyphosis, and subsequently was released.

Another important consideration was the repro-
ductive success of this pup. Northern elephant seals
are polygamous and alpha males need to rely heavily
on their body condition to be able to compete with
other males for mates (Crocker et al 2012). Though
not ideal, it was assumed that if the abnormality had
any serious physical implications on the pup, he would
not be physically fit enough to compete for mates and
therefore would not pass on any congenital defects
that may have contributed to his condition.

While the pup was able to swim sufficiently
within the rehabilitation pool on site, it is impossible
to know the success of released animals with spinal
deformities without the use of satellite tracking data.
Currently, satellite tracking is cost prohibitive for
most rehabilitation programs, ranging from $7,000
to $9,000 per animal per year (Thomas et al 2011),
though their use would be invaluable for documenta-
tion of success rates for released wildlife.

Marine mammal veterinarians have limited refer-
ences available regarding anatomical abnormalities seen
within wild pinniped populations. To the knowledge
of the author, there is no published case of kyphosis
in an elephant seal. Research on elephant seals has far
reaching implications as they often serve as the model
for many pinniped species’ medical care and rehabilita-
tion, most notably the endangered Hawaiian monk seal
(Monachus schauinslandi) (Harting et al 2007).

CONCLUSION

With supportive care and time, stranded elephant seal
pups with even a severe kyphosis may be rehabilitated
and released. Documentation of such cases with mea-
surement of the degree of kyphosis can assist the marine
mammal veterinary community in assessing future

cases of pinniped spinal deformations. Improvements

in satellite tracking availability and cost would allow for
following the success of these cases long-term.
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