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The evolutionary process of readaptation to the aquatic environment was accompanied by extreme anatomical and
physiological changes in the brain. This review discusses cortical specializations in the three major lineages of marine
mammals in comparison to related terrestrial and semiaquatic species. Different groups of marine mammals adopted
a wide range of strategies to cope with the challenges of aquatic living. Cetaceans and hippopotamids possess a
completely agranular neocortex in contrast to phocids and sirenians; vertical modules are observed in deep layers
V and VI in manatees, cetaceans, phocids, and hippopotamids, but in different cortical areas; and clustering in
layer II appears in the insular cortex of hippopotamids, phocids, and cetaceans. Finally, von Economo neurons are
present in cetaceans, hippopotamids, sirenians, and some phocids, with specific, yet different, cortical distributions.
The interpretation of the evolutionary and functional significance of such specializations, and their relationships
with the degrees of adaptation to the aquatic environment and phylogeny, remain difficult to trace, at least until
comprehensive data, including representative species from all of the major mammalian families, become available.
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What are marine mammals?

Marine mammals are a highly diverse group of
species that resulted from the reinvasion of the
aquatic environment by terrestrial species. Ma-
rine mammals are fully or partially dependent on
the aquatic environment for survival and include
cetaceans (whales, dolphins, and porpoises), sireni-
ans (manatees and dugongs), and some carnivores
(sea otters, polar bears, and the pinnipeds, seals, sea
lions, and walruses). The degree of adaptation to
the aquatic environment is extremely variable, with
cetaceans and the unrelated sirenians being the only
two extant groups fully dependent on an aquatic
lifestyle.

Phylogenetic position, degree of adaptation to
the aquatic environment, and lifestyles all resulted
in major differences in morphological and physi-
ological adaptations, including those of the brain.
Cetaceans evolved extremely large and convoluted
brains that set them apart from most other mam-

mals; sirenians represent a unique departure from
the usual organization of the brain in large mam-
mals, having a lissencephalic brain with only few
prominent fissures; and marine carnivores possess
a brain that is comparable, at least in external mor-
phology and proportions, to that of large terrestrial
carnivores (Fig. 1).

Origin and evolution of cetaceans,
sirenians, and pinnipeds

According to the fossil record, cetaceans diverged
from terrestrial mammals approximately 52 mil-
lion years ago (mya).1 Early cetaceans, the Archeo-
cetes, were a group of semiaquatic nonecholocat-
ing and nonfilter-feeding animals inhabiting marine
and fresh waters that arose from terrestrial mam-
mals such as anthracotheres, raoellids, and mesony-
chids.2 In the early Eocene between 45 and 53 mya,
Archeocetes diversified into Pakicetidae, Ambulo-
cetidae, and Remingtonocetidae, all inferred to be
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Figure 1. Macroscopic views of the brains of the species dis-
cussed in this review. Lateral (A, C, E, G, I), midline (B, D, F,
L), dorsal (H, K), and coronal (J) views. c, caudal; d, dorsal; r,
rostral; v, ventral. Scale bars = 5 cm.

semiaquatic mammals that could inhabit either land
or sea.3 In the middle Eocene, a more derived group
of mammals arose, the Protocetidae, that possessed
a lifestyle probably similar to modern pinnipeds and

lived in water but depended on a terrestrial lifestyle
for reproduction. In the late Eocene, 38–40 mya, the
Basilosauridae appeared, a group of fully aquatic
mammals with morphological features and feeding
and hearing capacities comparable to early odonto-
cetes and mysticetes.4 The early Oligocene, about 35
mya, is marked by the appearance of the Neoceti,5

the clade of modern whales including their stem
taxa. The oldest baleen-bearing mysticetes date back
to the mid-Oligocene, about 28–29 mya, a period of
great diversification of Mysticeti.6 The oldest odon-
tocetes are from the early Oligocene, about 32 mya.7

Sperm whales (Physeter macrocephalus and Kogia
spp.) are considered the most basal extant odonto-
cetes.8 However, only the early Pliocene, 2.5–5 mya,
witnessed the divergence of the main crown cetacean
genera.4,5

The classification and phylogenetic position of
cetaceans within Eutheria has been debated given
the divergent conclusions drawn by different au-
thors.4 Recent data provide both molecular9 and
morphological10,11 evidence for the inclusion of
cetaceans within the Artiodactyla (even-toed un-
gulates) and for a sister-taxon relationship between
cetaceans and hippopotamids,10,12 thereby creating
a new clade, Cetancodonta.13 The currently accepted
classification groups are Cetacea (dolphins, whales,
and porpoises) and Artiodactyla in the unranked
taxon Cetartiodactyla. According to this classifica-
tion, the Order Cetacea includes the two subor-
ders, Mysticeti (baleen whales, with 14 species in
4 families) and Odontoceti (toothed whales, with
74 species in 10 families).14

Sirenians probably originated from large early
herbivores, an ancestry that they share with ele-
phants and hyraxes.15 They also most likely adapted
to aquatic life at approximately the same time as
cetaceans, 50–60 mya during the Eocene.16 The ex-
istence of the oldest sirenians, Prorastomus and Pro-
tosiren, is known from Eocene fossil records of the
West Indies, Pakistan, North Africa, and Europe.17

Sirenians are the closest phylogenetic relatives to
elephants,18 and the order includes only two extant
families: Dugongidae (dugongs) and Trichechidae
(manatees).

Pinnipeds (and otters) originated from ursids,19

mustelids,20 and possibly an unresolved ances-
tor, as supported by recent evidence.21 The oldest
pinnipeds, Elianarctos and Pteronarctos, are from
the Oligocene, 25–27 mya, and Miocene, 19–15
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mya, respectively, which supports a later adapta-
tion to the aquatic environment than sirenians and
cetaceans.22

The brain of fully aquatic marine mammals

Structure and function of the neocortex
of cetaceans
Fossil evidence shows that modifications in cranial
morphology occurred during cetacean evolution
and that the process of telescoping and migration
of the narial apertures onto the dorsal apex of the
skull23 led to the modern cetacean skull anatomy.
The morphology of the cetacean brain reflects
these anatomical changes in cranial morphology,
with structural modifications such as foreshorten-
ing along the beak-fluke axis and lateral widen-
ing.24 Modern cetaceans possess the largest brains
in absolute size and relative to body sizes, and their
structural complexity is increasingly recognized to
be related to sociality and cognition rather than to
adaptation to the aquatic environment.25

One of the most fascinating characteristics of the
brain of cetaceans is the size and the extreme fold-
ing of the neocortex26–28 (Fig. 1A–D). The limbic
lobe is extensive and includes well-developed cingu-
late, insular, and parahippocampal cortices.26,27,29

In contrast to the elaboration of the neocortex, the
paleocortex (rhinencephalon) and archicortex (hip-
pocampal formation) are very reduced, although the
hippocampal formation contains all its subregions
(dentate gyrus, hippocampus proper, and subicu-
lum), while the entorhinal cortex is large.26,29–31

This suggests that, in cetaceans, the pathways in-
volved in learning, memory, and spatial navigation
likely are organized very differently than in terres-
trial mammals. The cetacean cortex is agranular
owing to the lack or underdevelopment of layer
IV.26,29,31–33 The general layering pattern is char-
acterized by a thick layer I that is far more cellular
than in most terrestrial species, a densely popu-
lated layer II that contains extraverted neurons with
dendrites extending into layer I, a wide pyramidal
layer III, a layer V containing very large and clus-
tering pyramidal neurons, and a multiform layer
VI26,34–36 (Figs. 2A–C and 3A, B). Specific cortical
patterns are observed in the auditory and visual cor-
tices where striking columns of neurons in layers V
and VI (Fig. 3A and B) are proposed to be associated
to specific thalamic afferents.26

The lack or underdevelopment of layer IV, given
its major role as input for thalamocortical affer-
ents, has been related to a possible different strategy
in cortical wiring in cetaceans.26,37 The remarkable
development of the cetacean neocortex results in a
complex pattern of gyrification characterized by a
prominent and almost vertical sylvian fissure (tech-
nically a pseudosylvian fissure) that is surrounded
concentrically toward the vertex of the hemisphere
by the ectosylvian, suprasylvian, lateral, and ento-
lateral sulci, respectively26,28,29,38 (Fig. 4).

A few physiological mapping studies provide evi-
dence about the functional organization of the neo-
cortex of cetaceans. The caudal cortical domain sit-
uated between the ectosylvian and the suprasylvian
sulci, the ectosylvian gyrus, corresponds to the sec-
ondary auditory field; almost the entire rostrocaudal
extent of the cortex positioned between the supra-
sylvian and entolateral sulci, the suprasylvian gyrus,
forms a belt along the vertex of the hemisphere that
corresponds to the primary auditory field;39–44 the
cortex located between the lateral and the entolateral
sulci, at the vertex of the hemisphere, in the lateral
gyrus, corresponds to the primary visual field.37,40,44

On the rostroventral extent of the cortex originates
the cruciate sulcus that extends rostrocaudally, de-
lineating the boundaries between the primary mo-
tor and primary somatosensory fields40,45 (Fig. 5).
The remainder of the lateral surface of the hemi-
sphere is likely occupied by “association cortices”
connecting the auditory, somatosensory, and motor
fields.28

Studies of the neocortical distribution and
morphology of neurons expressing neurochemi-
cal markers such as calcium-binding proteins show
that the molecular organization of the neocortex of
cetaceans is similar to that of ungulates but sets them
apart from other groups, reflecting phylogenetic
relationships among evolutionary distinct mam-
malian branches.35,46–48 Moreover, the percent of
GABAergic neurons in the visual cortex of cetaceans
is comparable to that in terrestrial mammals such
as the cat and macaque monkey.49

In the past, quantitative studies of neocortical
organization that used a variety of methodologies
pointed to a high glial cell-to-neuron number ra-
tio as a peculiar characteristic of cetaceans.38,50–52

This subsequently gave rise to a controversial hy-
pothesis about the functional significance of this
ratio,53 which was challenged on several grounds in
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Figure 2. Examples of neocortical cytoarchitecture of somatosensory and insular cortices in some of the species discussed
in this review. Somatosensory cortex (A–E and G); anterior insular cortex (F). Arrowheads (F) point to a neuronal cluster,
or “Rindenkerne,” in layer VI, a specialization unique to sirenians. Cortical layers are indicated by Roman numerals. Scale
bar = 400 �m.

a recent review.54 Marino et al. have stressed fur-
ther the need for standardization of methods used
in acquiring quantitative neuroanatomical data in
comparative studies.54

Structure and function of the neocortex
of sirenians
In contrast to the large size and the dramatic sulca-
tion and gyrification of the cetacean brain, sirenians
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Figure 3. Examples of cytoarchitecture of the visual cortex in some of the species discussed in this review. Cortical layers are
indicated by Roman numerals. Scale bar = 400 �m.

present an extreme and unusual case of lissencephaly
with the presence of only a few pronounced fissures,
which are accompanied by a relatively small size24,55

(Fig. 1E and F). These differences are even more
enhanced at a cytoarchitectural level, with the neo-
cortex of sirenians being thicker and including both
a well-organized internal granular layer IV56–58—
unlike the situation in cetaceans—and columnar
patterns of layers V and VI in most cortical areas56,57

(Fig. 2E). In sirenians, seven cytoarchitectural areas,
which represent 25% of the total neocortical surface
area, are devoted to somatosensory functions,56–58

and a possible overlapping of the entire primary au-
ditory cortex with somatosensory function has been
proposed in manatees.58 The somatosensory nuclei
of the thalamus and brainstem are much larger than
those devoted to other functions,59 which supports
the primary role of the somatosensory perception
of the environment for this species.56,57,60–62 The
formation of clusters of neurons in deep layer VI
(Rindenkerne; Fig. 2F) is a unique specialization of
sirenians that has been compared to the barrels of
the somatosensory cortex of rodents, and has been
suggested to be a functional representation of their
unique tactile hairs.58,62–64

Comparison with large semiaquatic and
terrestrial mammals

From a comparative viewpoint, the gross anatomy
of the brains of both African and Indian elephants
(Loxodonta africana and Elephas maximus, respec-

tively) is more comparable in size, level of sulcation
and gyrification, and cytoarchitectural specializa-
tion to that of cetaceans rather than to that of its clos-
est phylogenetic relatives, the sirenians18 (Fig. 1E, F
and K, L).

The few studies available on the gross anatomy
and structure of the cerebral cortex of elephants65

highlight a gyral complexity that is second only to
cetaceans and includes an expanded neocortex with
enlarged temporal, frontal, insular, parietal, cingu-
late, and hippocampal cortices, but with a poor de-
velopment of the occipital cortex.66 A recent study
that examined the neuronal morphology of pyra-
midal neurons in the superficial layers of frontal
and occipital cortices of the African elephant high-
lighted differences between this species, primates,
and rodents, including dendritic length, branching
patterns, and orientation.67,68 The neocortex of the
elephant, like that of cetaceans, contains superficial
pyramidal neurons that possess bifurcating apical
dendrites,33,67,69,70 and has been suggested to have a
high glia-to-neuron ratio.71

Only a few reports are available on the exter-
nal morphology of the brain and cytoarchitecture
of the pinniped neocortex, and they are mostly fo-
cused on a particular species and a restricted corti-
cal domain. In terms of gross morphology, the brain
of pinnipeds is comparable in shape, proportions,
and cortical folding to that of large terrestrial carni-
vores72 (Fig. 1G–J). However, minor species-specific
differences among pinnipeds, as well as between
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Figure 4. Lateral (A) and mediosagittal (B) aspects of the brain
of the striped dolphin (Stenella coeruleoalba): ac, anterior com-
misure; aq, aqueduct; c, caudal; Cb, cerebellum; cc, corpus cal-
losum; cs, central sulcus; d, dorsal; EG, ectosylvian gyrus; en,
entolateral sulcus; es, ectosylvian sulcus; g, genu of the corpus
callosum; IC, inferior colliculus; la, lateral sulcus; lc, limbic cleft;
LG, lateral gyrus; LL, limbic lobe; P, pons; pc, posterior commis-
sure; PG, perisylvian gyrus; PLL, paralimbic lobe; r, rostral; s,
sylvian fissure; SC, superior colliculus; SG, suprasylvian gyrus;
sp, splenium; ss, suprasylvian sulcus; Th, thalamus; v, ventral.
Scale bar = 4 cm.

pinnipeds and terrestrial carnivores, have been re-
ported in the shape, orientation, number, and exten-
sion of the cerebral fissures.73 In his classical study of
the carnivore brain, Fish summarized his observa-
tions as follows: “ With regard to the ground plan of
the fundamental fissures, and allowing for the dif-
ference in shape of the brains, that of the eared seals,
Callorhinus and Zalophus, approximates in general
more closely to that of the ursine carnivora than
does Phoca. The latter, or earless seal, in some re-
spects, appears aberrant.” Fish also examined the
gross morphology of the brain of a Caribbean monk
seal (Monachus tropicalis) and reported this speci-
men as being in “a position intermediate between

the fur seal and Phoca, particularly in the frontal re-
gion which is somewhat foreshortened and broader
than in Callorhinus.” The same author also drew
this conclusion from the analysis of the direction
and extension of the sylvian fissure that, in both the
Caribbean monk seal and the fur seal (Callorhinus
ursinus), was described, similarly to cetaceans, to be
almost vertical.73 As a general conclusion, Fish re-
ported an increase in number, size, and complexity
of the fissural pattern going from Canidae, to Feli-
dae, Ursidae, Otariidae (eared seals), and Phocidae
(true seals), respectively.

From a functional standpoint, the motor cortex
of the harbor seal (Phoca vitulina) lies anteroven-
trally to the cruciate sulcus, leaving only a small
amount of cortex at the frontal pole of the brain,
and presents histological characteristics consistent
with descriptions of the motor cortex in carni-
vores.72,74 This unusual rostral location of the mo-
tor cortex, also noted by Rioch,72 is compared by
the author to the rostral location of the motor cor-
tex in a cetacean species, the harbor porpoise (Pho-
coena phocoena),75 and is consistent with localiza-
tions in cetaceans.26,76 Another functional study on
the auditory and somatosensory cortices of the har-
bour seal revealed a limited regional extension of the
cortex responding to auditory stimuli, compared to
terrestrial carnivores, and mainly including, in this
species, the ventrocaudal end of the sylvian gyrus.77

Similarly, the somatosensory cortex of harbor and
fur seals is located in the rostral part of the sylvian
gyrus, rostrally to the sylvian fissure and ventrally
to the suprasylvian sulcus.77,78 (For details on the
nomenclature of sulci and fissures, see Refs. 72 and
74.) The visual cortex is located on the parieto-
occipital cortex in the Weddell seal (Leptonychotes
weddelli), based on electrophysiological data79

(Fig. 3D).
The cytoarchitectural organization of areas in

the frontal cortex of the harbor seal was found
to be comparable to that in the dog.72 Moreover,
at least in the grey seal (Halichoerus grypus), the
deep layers V and VI show columnar patterns in
several cortical regions (Fig. 2D; Butti et al., un-
published observation) similar to manatees and
cetaceans.

It is worth mentioning that the cytoarchitecture of
the neocortex of the semiaquatic pygmy hippopota-
mus (Hexaprotodon liberiensis), a close relative of
cetaceans, resembles that of cetaceans in many ways,
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Figure 5. Dorsal (A) and rostral (B) aspects, and dorsal
schematic view (C) of the brain of the bottlenose dolphin (Tur-
siops truncatus) showing the localization of primary cortical
areas. A1, primary auditory cortex; c, caudal; cs, cruciate sul-
cus; crs, coronary sulcus; d, dorsal; en, entolateral sulcus; l,
lateral; la, lateral sulcus; M1, primary motor cortex; r, rostral;
S1, primary somatosensory cortex; v, ventral; V1, primary visual
cortex. Scale bar = 5 cm.

including the absence of layer IV throughout the
neocortex (Butti et al., unpublished observations),
a densely packed and clustered layer II in the in-
sular cortex,80 and in the putative somatosensory
cortex, as well as the presence of vertical modules
of neurons in layer VI of somatosensory and visual
putative cortices (Figs. 2G and 3C; Butti et al., un-
published observations). In our comparative study
of the organization of the insular cortex, we ob-
served a complete agranularity of the anterior sec-
tor of the insula in the Atlantic walrus (Odobenus
rosmarus rosmarus),80 which is similar to what has
been observed in the cat81 but contrasts with the
situation in the dog, where a “dysgranular” cortex is
present.82

Cortical specializations: von Economo
neurons and laminar clusters

In most of the cetacean species studied, layer V of
the anterior cingulate (ACC), anterior and fron-
toinsular (AI and FI), and frontopolar (FP) cortices
contains von Economo neurons (VENs), 83 a pop-
ulation of projection neurons originally described
in humans, great apes, and later elephants, which
are suggested to play a role in interoception, social-
ity, and cognition.26,80,84–91 Recent evidence shows
a rapid increase in the number of VENs during the
first eight months after birth in humans as well as
an hemispheric asymmetry in their distribution in
hominids, which is possibly related to asymmetries
in the sympathetic and parasympathetic divisions
of the autonomic nervous system.89 VENs are larger
than neighboring pyramidal neurons in cetaceans
and hominoids,84,88 send an axon out of the neocor-
tex,88and possess a narrow and simplified dendritic
tree, a morphology consistent with conveying infor-
mation that is synthesized from within the space of a
minicolumn.92 Recent evidence suggests that VENs
contain not only high levels of non-phosphorylated
neurofilament protein (NFP), but also vasopressin
1a, dopamine D3, and serotonin 2b receptors;
neuromedin B (NMB); gastrin-releasing peptide;
DISC1 (disrupted in schizophrenia-1); activating-
transcription factor 3 (ATF3); and interleukin 4 re-
ceptor � (IL-4R�),86,88,89 all of which are thought
to be involved in social bonding, reward, punish-
ment, digestion, and immune response.93 Evidence
also points to phylogenetic variation (and as such,
possible biochemical specialization of VENs in se-
lect mammalian groups) in protein expression pro-
file, with a higher proportion of VENs expressing
ATF3, IL4R�, and NMB in humans than in other
hominoids.93

In view of the presence of VENs in phyloge-
netically divergent species that share large brains
and complex social organization; their specific cor-
tical distribution, morphology, biochemical pro-
file; and selective disruption in neuropsychiatric
disorders impairing cognitive and social function-
ing, these neurons may play a role in the integra-
tion of emotions, vocalization control, facial expres-
sion, social conduct, and regulation of autonomic
visceral, olfactory, and gustatory functions. Fur-
thermore, they may represent an anatomical sub-
strate for the fast transmission of information along
networks implicated in the emotional response to
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external stimuli and generation of goal-directed be-
haviors in large mammals.26,80,84,86,94–99 We have
also observed VENs, with marked differences in dis-
tribution, in the neocortex of the pygmy hippopota-
mus, two marine mammals unrelated to cetaceans
(the Florida manatee, Trichechus manatus latirostris,
and the Atlantic walrus), and one perissodactyl, the
common zebra (Equus burchelli),80 as well as the do-
mestic horse, Equus caballus, and the Eastern black
rhinoceros, Diceros bicornis michaeli (Butti et al.,
unpublished observations). Cetaceans, hominoids,
and elephants share a selective distribution of high
densities of VENs in specific frontal cortical regions
(ACC, FI/AI, and FP/dlPFC in humans);80,84,87,88,91

in contrast, the pygmy hippopotamus and com-
mon zebra have abundant VENs throughout the
cortex,80 and the Florida manatee is characterized
by extremely rare and sparse VENs.80 This sug-
gests that the overall distribution of VENs in the
pygmy hippopotamus represents a progressive re-
shaping of the projections provided by these neu-
rons, possibly translating into a more specific func-
tion. Such specialization appears to have taken place
during the evolution of the cetaceans from their
common ancestor with hippopotamuses, where a
broad distribution of VENs throughout the neo-
cortex was refined to one preferentially involving
the functions subserved by the ACC, FI, and FP
(or dlPFC in hominids).80 Similar mechanisms may
have shaped other highly specialized pathways in
primates, such as those supported in primates by
Betz cells in the motor cortex and Meynert cells in
the visual cortex, which are also characterized by
sparsely distributed, large, clustering output neu-
rons in functionally specific cortical and laminar
domains.100–102

Another remarkable specialization of the neo-
cortex of cetaceans is the clustering of neurons in
layer II of the anterior insular cortex. Specifically,
large clumps of neurons in layer II have been de-
scribed in the anterior insular cortex of small odon-
tocetes,80,103,104 also extending to the temporal and
occipital cortex in some mysticetes.26 This modular
organization was suggested26 to be shaped by tha-
lamocortical afferent and length of corticocortical
projections, and represents a cost-effective strategy
for efficient wiring in large brains.26 Hof and Van
der Gucht proposed that the peculiar patchiness of
layer II in temporal and occipital regions could re-
flect a specific neocortical connectivity (and func-

tion) of these regions in balaenopterids that is not
shared with other cetaceans.26 Modules in layer II,
comparable to those described in cetaceans, were
also observed in the anterior insular cortex and in
the putative somatosensory cortex of the pygmy hip-
popotamus and Atlantic walrus.80 Particularly strik-
ing is the clustering observed in the anterior insular
cortex of the manatee, where the presence of clus-
ters in layer II is associated with the formation of
large columns that extend to the deepest layers of
the cortex.80

The importance of comprehensive
sampling in comparative studies

The comparative data reviewed here demonstrate
that the process of readaptation to the aquatic en-
vironment resulted in diverse brain morphology
and cortical organization. This variation is mani-
fest as the unique agranularity of the neocortex in
cetaceans and artiodactyls and the similarities in
external morphology of the brain and gyral pat-
tern in phocids and terrestrial carnivores. How-
ever, similarities are evident across orders, includ-
ing comparable gyral complexities, agranularity,
columnar modularity of layer V and VI, cluster-
ing of layer II, and neuronal specializations such as
VENs.

Interpreting the evolutionary significance of such
traits is rendered difficult due to the lack of a clear
pattern of appearance through the mammalian phy-
logeny, and is further complicated by the poor avail-
ability of many key species. Moreover, the absence
of connectivity and functional data in species other
than laboratory animals imposes critical limitations
and stresses the need for comprehensive compar-
isons to avoid outright speculation. How the inter-
pretation of the possible evolutionary significance
of VENs has been changing as data on a larger num-
ber of species become available is a reflection of
this situation. At first, the identification of VENs
in homologous cortical regions of great apes and
humans suggested that VENs could be related to
cognitive and behavioral specializations unique to
these species.86,89 The later identification of VENs in
cetaceans and elephants led to hypotheses relating
VENs morphology to absolute brain size, other as-
pects of behavior, and the need for a fast conduction
of information over great distances.26 Most recently,
the description of VENs in the brains of other large
vertebrates80 with different cortical distributions
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than that described in hominoids, cetaceans, and
elephants, suggests that VENs represent a common
evolutionary trait among large mammals contribut-
ing to specialized neuronal networks in a taxon-
specific manner, dependent upon their cortical
distribution.

In this context, brain collections and zoologi-
cal facilities constitute a unique source of critical
information for the study of brain organization in
a truly evolutionary context that goes beyond the
handful of species commonly available in the lab-
oratory. Such histological materials and anatom-
ical repositories represent, in many cases, the
only possibility of exploring brain organization of
species otherwise impossible to study, to understand
the evolutionary significance of neuroanatomi-
cal differences and similarities widely observed
among mammalian lineages, and to add to the
knowledge of poorly documented and endangered
species.
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