
ORIGINAL ARTICLE

An investigation of
dolphin neocortex

using computed
tomography and

•magnetic
• •resonance Imaging

AJ-PC Tschudin 1

R Hurr'lbrmce>
MBChB, FFRad (SA)

VM Pecldernors>
MSc, PhD (Zoology)

1Research Psychologist Department of
Psychology,

University of Natal
2Advanced Imaging Services,
St Aidan's Hospital, Durban

1SIJ8rksBoard, Umhlanga Rocks

Abstract
The value of the
conventional medical
imaging applications of
Computed Tomography
(CT) and Magnetic
Resonance Imaging (MRI)
to areas such as medical
diagnosis and surgical
planning are widely
documented; however,
less conventional uses
also exist for such
technology. This paper
documents an example
of the diverse,

interdiscipl inary value of
neuroradiological
techniques such as CT
and MRI.
An assumption has been
made, in the absence of
data for dolphins, that the
uniquely high relative
neocortex volume in
primates is responsible
for setting them apart
from all other orders of
mammals, in terms of
social intelligence. An
investigation of dolphin
brain structure was
undertaken to verify or
dismiss this assertion
using three species of
differing social structure:
sol itary humpback (Sousa
chinensis), social
bottlenose (Tursiops
truncatus) and gregarious
common (Delphinus
delphis) dolphins.
CT provided good qual ity
images for calculation of
cranial volume but only
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permitted gross imaging
of the supra- and infra-
tentorial regions. MRI
provided greater
differentiation of the
different brain regions,
therebya"owing
volumetric
measurements of the
neocortical region for all
subjects. There was no
significant difference in
neocortex calculations
from fresh and frozen
material, suggesting that
this technique may be
used on rare specimens
which are frozen before
examination by
biologists. Correlation of
neocortical development
with group size was
significant (p<O.OOl ).

Introduction
The recent and rapid advancement

in technology has extended the
boundaries of science to new frontiers,
not remotely anticipated by the pio-
neers of our diverse disciplines. If one
had proposed, twenty years ago, that a
dolphin head was to be X-rayed, that
would have drawn some interest. But
to suggest the use of computed tom-
ography to study dolphin neuro-
anatomy, without even making men-
tion of a technique involving an emit-
ted radio frequency within a high-pow-
ered magnet, could quite possibly have
diminished one's scientific repute.
However, in effect, the procedures of
CT and MRI have made this interdis-
ciplinary study possible and enhanced
the research benefits available through
modern neuroimaging technology.
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The study was conceptualised af-
ter a reading of the literature on rela-
tive brain size in mammals. Herein, it
was asserted that the human primate
was the only animal in the order of pri-
mates with an exceptional brain size."?
Additionally, primates were suppos-
edly "brainier", in terms of relative neo-
cortex volume, than all the other or-
ders of mammals based on the relation-
ship between social complexity and
neocortex in pnmates+' However, it
appeared as if dolphins and other ma-
rine mammals, including whales and
porpoises (comprising the Order
Cetacea), had been omitted from con-
sideration. This was surprising, as cer-
tain cetacean species are considered to
have the largest absolute brain size of
all animals, along with elephants." In
addition, some dolphin species have the
most convoluted brains and the largest
cortical surface area of all animals.'
which further fuelled our hypothesis
that dolphins may possess higher
amounts of neocortex than primates,
possibly dispelling the notion that so-
cial intellect is confined to primates.
The measurement of dolphin neocor-
tex therefore required accurate in situ
measurement.

Incidentally caught dolphins, from
the shark nets permanently set to pro-
tect bathers along the coast ofK waZulu
Natal, provided ideal subjects for this
study as they are retrieved fresh from
the nets and dissected. In some in-
stances, the subjects used were ob-
tained from remote locations and/or
could not be scanned while fresh,
prompting the question of whether fro-
zen and defrosted material would yield
results of the same quality as if scanned
while fresh. If defrosted material could
provide data of the same accuracy as
fresh specimens, there could be a po-
tential benefit to animal researchers

working with rare species in isolated
locations as many cetacean research-
ers only obtain material from stranded
animals originating from distant loca-
tions, which is usually frozen before ex-
amination. To ascertain the usefulness
of such material for future international
studies, fresh brain material was com-
pared with that of frozen and defrosted
animals.

Methodology
Dolphin skeletal material isvaluable

for taxonomic and morphometric re-
search, hence skulls cannot be damaged
for access to the brain. As the focus of
this study was on dolphin neocortex, a
suitable technique requiring no manual
dissection or histological analysis was
necessary. As estimates of cranial vol-
ume, obtained by volume measure-
ments of the skulls, do not supply reli-
able measurements of neocortex, in the
absence of actual data, the study ap-
peared highly difficult to execute. The
method of CT was initially suggested,
after an attempt at its application in
another research effort by the Sharks
Board and the Delft University ofTech-
nology, Netherlands, into the investi-
gation of the dolphin sonar-producing
structures. The Depart-
ment of Radiology,Uni-
versity of Natal Medi-
cal School, was con-
sulted and gave permis-
sion for the use of its
neuroimaging facilities,
in addition to facilitat-
ing liaison with the pri-
vate practice of Ad-
vanced Imaging Serv-
ices, for th e use of MR!.

Subjects
The dolphins form-

ing the subjects for this
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study had all asphyxiated in the anti-
shark nets set along the KwaZulu Natal
coast. Specimens were obtained from
the Sharks Board, following their meas-
urement and dissection. The subjects
were all sexually mature animals, repre-
senting three different dolphin species
that exhibit various levels of social struc-
ture, including solitary humpback dol-
phins (Sousa chinensis), social bottlenose
dolphins (Tursiops truncatus) and gre-
garious common dolphins (Delphinus
delphis). Following the scanning of fresh
subjects, the material was placed in the
Sharks Board freezer at -20°e. When re-
quired for subsequent re-analysis, fro-
zen material usually took between 48
to 72 hours to defrost.

Apparatus
The Pieker PQ2000 CT Scanner at

Wentworth Hospital was the first in-
strument used for the study. Although
CT provided crucial data on cranial
volume, it only permitted gross imaging
of the supra- and infra-tentorial regions
(Figure 1). MR! was therefore suggested
as a more appropriate technique for
volumetric measurement, as it provides
greater differentiation of the different
brain regions, allowing discrimination

Figure 1: CT image of a dolphin brain showing differentiation between
(A) supra- and (B) infra-tentorial regions.
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between the neocortex (defined as
cerebral cortex) and rest of the brain
(brainstem and cerebellum) (Figure
2), thereby furnishing a more accu-
rate analytical tool than CT. Subse-
quent MRI scans were made using a
Siemens Magnetom Impact (1 Tesla
Unit) MRI Scanner (Advanced
Imaging Services -AIS), and the Gen-
eral Electric (1.5 Tesla Unit) Signa
Scanner (Wentworth Hospital).

Procedure
Following dissection of the sub-

jects, the heads were removed and
sealed in plastic protective bags to
prevent any possible contamination.
The subjects were transported to the
scanning unit in a cooler box and
scanned in the coronal (human axial)
plane using a slice thickness of 6 mm
and interslice distance of 6 mm for
MRI and 10 mm thick slices with an
inter-slice gap of 10 mm for CT. The
subject was scanned in a prone, "tail-
first" position for CT and MRI atAIS,
while a "head-first" position was
adopted for scanning at Wentworth.

Images from CT were stored on
tape, while those from MRI were re-
corded on optical disc and hard drive.
The neocortex (cerebral cortex), the
brainstem and the cerebellum were
subsequently trackballed using a
digitiser.The area of the regions of in-
terest on each slice was calculated. All
slice areas were added, taking into ac-
count slice thickness and interslice gag
to arrive at a measurement of volume
for each region.

To ascertain whether or not de-
frosted material could be reliably used
to obtain neocortical volume, several
specimens were scanned while fresh
and subsequently scanned while frozen
and defrosted, according to the above
procedure.

Results
It was evident from visual exami-

nation of CT and MRI (Figures 1 and
2) that MRI provided a better image

image, the differentiation of material
in the image of a defrosted brain was
sufficiently clear to allow calculation
of brain volumes. Through the appli-

cation of a Wilcoxon
test, it was established
that no significant dif-
ference existed be-
tween the neocortex
ratio as determined by
fresh and defrosted
material (p>O.l). Fro-
zen material could not
be analysed as no signal
was provided.

For the calculation
of neocortex ratios,
only the MRI measure-
ments of neocortex
volumes were used, as
CT overestimated

values. The high dolphin neocortex

Figure 2: MRI image of a dolphin brain, displaying neocortex A - cerebral
cortex, B - brainstem and C - cerebellum.

for volumetric analysis of different cor-
tical regions than CT. However, it was
not as easy to determine whether or
not non-fresh material (frozen and/or
defrosted) could be used in volumet-
ric research using MRI, as no docu-
mented research could be located in
this regard. An example of a subject
scanned under the three different states
(fresh, frozen and defrosted) is pre-
sented in Figure 3. While the fresh
specimen provided the most defined

Figure 3: MRI scans of dolphin brain material under
various conditions. From a to c: fresh, frozen and
defrosted.
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ratios (ratio of cerebral cortex to rest
of the brain) were significantly corre-
lated with sociality, as evidenced by
the group size of the species
(p<O.OOl).8Comparison to values for
all primates, including humans," high-
lighted the elevated ratio values for the
dolphins studied (Figure 4 - from ref-
erence 8).
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quenee from this study is that some
dolphin species have larger relative
neocortices than humans and that all
the dolphin species examined had
higher neocortex ratios than the hu-
man's closest relative, the chimpan-
zee." This is of interest, as it calls for a
re-conceptualisation of mammalian
brain evolution. The strong relationship

between so-
cial complex-
ity and neo-
cortex in dol-
phins also
challenges the
assumption
that social in-
telligen ce is
distinctive of
the order of
p r ima t e s ."
Such studies
can only sup-
port the pro-

posal that the utility of such technol-
ogy lies in extending the accuracy and
boundaries of scientific investigation,
making this more accessible to inter-
disciplinary research.
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Figure 4: Dolphin neocortex ratios in comparison to primate neocortex ratios.
(Primate data from reference 4, dolphin data from reference 8).

Discussion
The use of CT and MRI have

rarely been documented in compara-
tive research; however, these tech-
niques have been utilised in anatomi-
cal studies, specifically those associ-
ated with delphinid bioacoustics.v'?
Additionally, fundamental compara-
tive brain research has the potential
to benefit greatly from the successful
application of CT and MRI as is evi-
denced by the ability of our pilot
study to measure dolphin neocortex
using neuroimaging, a feat which
would otherwise have remained be-
yond our capabilities. The finding that
specimens can be frozen, stored, de-
frosted and subsequently analysed
with reliable results indicates that rare
species, from isolated or technologi-
cally undeveloped areas can still be ex-
amined. The result of most conse-
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