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Figure 1. [Left] Negative allometric relationship  
between endocranial volume and body length.
Logarithmically transformed data were  
plotted and fit to a linear trend line in Excel.

WAM712F TFK007 WAM704 WAM716

Age class Fetus Neonate Juvenile Adult

Total volume 161 cm3 810 cm3 1109 cm3 1845 cm3
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Introduction

• Cetaceans possess oddly shaped brains that are  
different from those of all other mammals1.

• Studies of early delphinid development have  
examined the shape and size of the total brain, but  
but there is little information on how the cerebellum  
changes throughout the entirety of the pre- and
post-natal period.

• This study aimed to bridge this gap in knowledge  
by utilizing cranial endocasts as a proxy for brains.

• Hypothesis: Cerebellar growth decreases during the
postnatal period (when behavioral development
shifts from motor skills to more complex social
behaviors, i.e. using different brain regions).

• This was exploratory work in developing methods
for using virtual endocasts to study components of
the brain.

Methods

Using the 3D surface modeling program Avizo, I  
generated virtual cranial endocasts from CT scans of an  
ontogenetic series of Tursiops skulls. The endocasts  
were then 3D printed and used to form a silicone mold  
in which the hindbrain could be delineated. Because  
the falx and tentorium had not yet ossified in the  
younger specimens and thus did not appear in the  
digital scans (Fig. 3a-c), the cerebellar volume had to  
be estimated physically with Crayola modeling clay  
using published images2 of a sagittal brain section for  
guidance on anterior limits of the cerebellum (Fig. 4).
It was then replicated three times, each weighed and  
converted to volume by dividing by the density  
(ρ=1.759), and the standard deviation and coefficients  
of variation were calculated to assess the repeatability,  
accuracy, and precision of this method.

Table 2. [Above] Total volume of each endocast. Specimen ages were estimated from frontal-occipital skull diameter measured in  
Avizo (WAM712F), or total body length (TFK007, WAM704, WAM716). Data were collected from virtual endocasts generated and  
analyzed in Avizo.

Conclusions

• All endocasts exhibited morphology consistent with  
that of dolphin brains: globular, transversely  
broadened, and foreshortened.

• Fine detail of external brain features such as sulci  
and gyri were obscured by the presence of blood  
sinuses and the meningeal membrane.

• Discernible brain features include the boundary  
between forebrain and hindbrain, the dorsal sagittal  
sinus, sutures, and the pyramidal tract impression.

• Rate of change in endocranial volume between each
specimen is slower than that of body length, as
expected; all vertebrate brains grow negatively
allometrically with body size2.

• The clay-modeling method was highly variable in  
the fetal specimen, but precision increased with age.  
This method might best be applied to older  
specimens with more developed cerebella.

• Future research might have more success with  
different mold types or materials that are less  
pliable.

• These preliminary results, if verified, would suggest  
that the cerebellum occupies an increasing fraction  
of the brain, which is surprising given the rapid  
complex behavioral development that occurs after  
birth.
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Age Class
Average Hindbrain  

Volume (cm3) Standard Deviation
Coefficient of  

Variation

Fetus 17.9 8.2 0.46

Neonate 50.2 7.3 0.15

Juvenile 83.6 5.5 0.07

Table 1. [Below] Average raw hindbrain volume  
estimates including the standard deviation and  
coefficients of variation. Total volume and hindbrain  
volume were measured by modeling clay in the  
silicone mold in accordance with previously  
published MRI images of Tursiops brains2. Standard  
deviation and coefficients of variation were  
calculated in Excel.

a b c dFigure 3a-d. [Right] Coronal CT  
slices of each specimen depicting  
the change in hindbrain shape. Slice  
numbers are a. 115, b. 122, c. 147, d.
115. In a-c the falx and tentorium  
have not yet ossified. Brain was  
absent in the adult CT scan (d).

Figure 4. [Left]  
Sagittal MRI  
image of  
Tursiops brain  
from Marino et  
al. 2001 used to  
delineate anterior  
hindbrain limits.

Figure 2. [Below] Log of average hindbrain volume with  
error bars. Data were logarithmically transformed and  
plotted in Excel.

Results


