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Corpus Callosum Size in
Delphinid Cetaceans

Abstract

The midsagital surface area of the corpus callosum was determined by com-
puter-assisted morphometry in jovenile and adult members of 13 species of the
cetacean family Delphinidas, In 37 bewios, absolwe callosal areas runged from
P g 229 o, When compared 10 other mammal groups possessing i corpus
callosum, callosal area 1 dolphins was smaller in relation to brain mass with a
ratic range (mmdg) of UE—031, The corpus callosum was decreased relative
brain mass in the larger-brained odenteceies, suggesting that imcreases i briin
sige were nol necessanly allied with needs Tor equivalent increases incallosal
linkage. One delphinid species, Twrsiops sascans, for which the largest single
hl‘:'.‘:'.:]l.‘::"i 'hi'."l'll'llll\' Was il'u'iai:.iillflll:, gl !\.:.‘-\.:\.I:u'iil'ln:lj 1|.!-'| bl I'_,I.|[I-{_.|'l_'r|_-\.\_'i;_"\-\. ik I_.,'\.IIU-"-\.||_I 5150
relative o brain mass. Among 10 males and 5 females the averaged ratio was not
distimzushable between sexes,

al,, 1982 de Lacoste-Lamsing and Holloway, 1952

Demeter el all, 1955 Malobabic et al., 1955 Wielson,

Although descriptions and Tunctional considersions of
the corpus callosum can be found in the early literatuee
af brain anatormy [Mall, 1908 Cameron, 1917 Susu,
[20/1%21 ], inowas lacgely 1he more vecent work of Myers
and Sperry and their associates that redirected allention o
thes structure. These workers in the 19307 amd G075 pre-

sented evidemes thar the :"~:'|:'|‘.~:'.=\. |.::|'|'||:-~.|_||'|'| i il'l".'-i.ll'."\r'\:.l i." I_||u

communication  and  coordimatien between the cercbral
bemisphenes, particulacly i the context of cerchral lateral-
Fation in humans [Myers and Sperny, 19330 Myers, 193506,
| 54 _‘-:|'||'-|'|'_-.-__ 961, |G {'.;l.-'.-::_|r|ig:_|_ | Sy I:'!-:'ngu.': | Q3.

Fecently, many investizators have examined the mid-
sagittal are of the corpus calloswm, koth gquantitatively and

qualitatively, as an imdex of potemtial callosal vanations

relative 10 sex, handedness, aze, brain mass amdfor func-
tenal asymmetries in homans and other primates |Baack ot

1985, 198%0; Bleicr ot al,, 19846 H-:'I”I.:-'.'r.‘l_'!' and de Lasose,
1960 Masrallah e1 al,, [980; Weber and Wers, 1980; Yosh
el al, 1=b; Reese et al., T9EY; de Lacoste and Wood-
warrd, 13EE; Peters, [98E Demeter oo al, 1988, 07 RKusky et
al., 1985, Hayvakawsa el al,, 1989]

Comparatively Tew swodies have Tollowed the phylo-
eenelic appreach of Anthony [1938], however, in consider-
ing wvariations in corpus callosum development through o
broad ramge of species, Anthany examned midsagimal cal-
losal arew relations i 20 mammalian species where brain
stpe ringed from 22 g (lemur) to 4460 g (clephant). Al-
though cach species in his cellection was epresented by
anly a single individual, he reported the smallest callosal
aren relative 1o brain mass in his only cetacean representa-
tive, the commen dalphin, Qefoliivs defalis, a member of
ihc 1':ll'|'|i|'§.' '|:I|.‘:||‘.-'|'|:.|1i-:1:'||.‘: in the woothed whale (odoslecene
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Fig. 1. Phatograph ol the 1609 g
birsin U T, devncades TEAE cug in I'Ilil_'|'k'.|'|ll-
il seciion to expose the corpus callosum
for mensurement, The area mensured is
antlined by dashed lines in the insened
photograph,

suborder of cetaceans (whales, dolphing, pormpoeises]. Misto
el al. [1978] also compared the midsagitial arca of the cor-
pus callesum with brain mass across several species, in-
cluding a single individual pantropical spotted  dolphin,
Stenella graflmany {now revised 1o 8. awenpara), which
they emphasized had a very small corpus callosum relative
o hrain mass, Ridgway [1986] also noted the small size of
the cetacean corpus calloswm relative o bruin mass when
compared 1o other mammals. An illustration in his study
compared the midsagittal sections From the brain of & Killes
whale, Chicinus orca, and the brain of o Bomman: i was noted
that, while the killer whale brain was five times larzer than
that of the human, the corpus callosum cross-secticnal
arcas of both appearcd similar, Previons examinations of
callosal midsaginal area in cetaceans each invoelved only a
single individual. In this study we have sought to enlarge
the evidence addressing the size of the corpus callozum in
cetaccans by examining its relation 1o the size of the brain
in 13 species of the cetacean Gamily Delphinedac.

Materials and Methods

Wheale brams were collected from 537 jevenile and oduli delphinid
adenioeete (fonthecd  colaceans, ﬂ!r.r:_::-:!_:nlinl: | 3 species. Some ~i|:|¢n:i-
rins weire collected al necrapsy from animols that died of namral
cawses noaur labesalary, in other laboratories, or in marine parks
during the past twenty vears. Soms other specimens were from ceta-
ceans that benched themselves (strandings or dic-offe) and sull mbess
were from animals capiured incidenral o commerncial fishing and
rgbe availoble 10 us by the LS. Matienal Marine Fishernies Service.
Maost brains were immersion-fised in formahin and held for varving
perieads dmonths e years) pries wethe pregasaton and examination of
callosal midspgittal areas. Bran mass (BM) measurements wsed for
comelations generally represem the Tresly state: however, far seveml
braims, mass could only be deennieed aller varying periods in -

LiveE. Subee !~|IJiI:Ik.iIEL‘ arlalae! can be assumeat o hieve an effect on B
and eorgas callesum mearemnents, we examired the omeunt of
shrinkage in 19 delplanid brages that had been comparatively weighed
over D, Lasses momass nged from 16=7 8% We considered the
mpaet ol 785 Lass on our data, as the warst ense scenario, kot Found
e arnfication that the conclusions of cor soedy wonld be aliered.

The: mubsagittal area of the corpus callosum (COA) was cxpased
by Temgitadinal micdline section and waos photegraphed with a cent-
meder scale pasitioned in the same plone (fig. L Callesal arca was
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Fig. 2. A plot of leg values in 57 delphinids demansirates an
imerzase i midsaginal corpos callosum area (CCA) as broin mass
(BN aeercases (log y=0264 + 0064 log x, p<o 001, r={0593), b
s hal COA enlargement declines relative o BM as BM expands,

determined by fracing the callosal perimeter on the plastogiapl witl 2
compater-hosed marphometry digifizing system [Bisgquant Swvslenm
1%y, Three menserements were mnde of each imogpe amd the main
was determined as the fnal valoe

[ iwicluad animals wens maturity-indesed as juvenils, odulf oreld
alull. Excoept where we had personal knowled ge of an animal s mado-
riny. these asscssments were cstimated on the basis of body length s
e preted Frons the pablished lieerare [Sergeant ¢ al, 199350 K-
niorw sk, TR ).

Selected publisled |Wilsea, 1955 Balleri, 19794 ] and unpublished
phiolaenghs of midsaginal callasal seetians were also cuamingd 1o
permil comparisans with meere rancly colleced cozeeans, necludeng
the minke whale, faleeropters eoeterairata, e bBlue walile, Sa-
faenoprera musceiis, and the Caangres river dolplian, Pladandsin gange
e, A limibed samiple of colless P ather nurine manmeal species,
inclding the Califomia sen lion, Zadephng califaraiams (33, the wal
s, Chdode s vosiraris 0L anc the West Dndian manatee, Trcfechngy
sttt 1L was phategraphed and measered for additanal compari-
<01,

e ariginal rescarch reponed bere was conductsd in accordance
with guidelines promalgared under the LS. Marine Moramal Proec-
ey A s thee Aavienal Wellare Act

Results

Body mass in cur study animals ranged well over two
crders of magnitode, from approsimately 30 kg 1o just over
5500 ko, Brain mass ranged from 435 a1 7,000 2 (able
1. Absolute midsazittal arca of the corpus callosum for 37
individual maring delphinids ranged from 1041 mm’ in an
adult female commean dalphin, £, defphis (DIHT 1o 328,60
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Fig. 3. Tower (13547 mainained that isocorical nevuron density
(e nsedd e term ewroe) decreased in mammals with |:|I";_i{“l".’!I‘:.l.iI'|:-.
The extended slope of his egredsion e (—0.3532 p< 0001 e = —0.499)
af mearen density (b relatve o nersasing brain size trsugh the
Brin size range equavalent W the beains an oer sty (@) s similar 1o
the decling in the sige of the carpus Callaswn area selalve o baain
miss with increansing brin sice noear 57 delplangds (log = 0380
— 11,5606 ||:|3_-_' % p 01, r= <083,

mim? are an old adult male Killer whale, O, anca (SWES4Z)
(table 1} The COCA increased with BM, and the ratio of
COA e BM in grams for all individuals varied Prom 0,079
ty G310 (e 2, wable 1. Averaged by species, e rafio
ranged between 00097 (0. arca) and 0272 (Stenelie fon-
sivasieis) Clable 23, In owr sample, overall, larger-bramed
species possessed smaller COA relative 10 BM (fig. 3, mble
20 Thus € aecer, with the Bareest absalule adult Braon mass
in our eollection presented the smallest mean CCABM
(L08R, whereas N, longirocwis, which has the smallest
absolute adull braom mass, vielded the largest mean rafio
(L2721 Sexual dichotomy i CCASBM values was dillicult
o assess because sample sizes were gencrally not large
erough o est for significant differences. The largest num-

ers of mdividuals within a single species were avalable
for the Adantic bottlenose, dolphin, Tirsiops francaris,

15k TamplewEileway

l;_'|_|||:|_ S Callosm S n Daelphinid CeRnDenns



Table 1. Brain and bedy marphomedrics

Ayre index?

Speciesioole #

Body Iength (cmd Body mass (kg)

Brivin miass ig]

OO argn imm®) COASBM ranae

Cirder Chlomtaceds, family Dielphinidae
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157
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120
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I.549]
1,734
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1,182
1,253

ke

¥l

6,215
50507
0,20

052
s
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160.% 142
1862 (.357
1Tak (58
1674 (235
L3554 172
1.1 151
1345 i 1Ri
113.4 120
171.4% 0237
TIES (1259
26 20
20,2 (209
JOE.D (. 104
1751 205
As.3 i 1h4d
4.2 n1sl
A50.6 0167
3705 00, 156
212.2 0122
100 0138
1555 .15
2480 (.19
159.2 (1.171
TE AR
AdE.T {074
A07.1 [LnE1
5911 FERI R
S04 LRT
RIEA 17

(Table | contmued on next poge.




Table 1 (continued)

Body mass kgl Brainmass (g} CCorea{mm®  COASBM ratio

Speciesicode # Age index'  Body length (zm)
Freudoren cravsiadeny (4]
Feamiles
PEMETEF i 335
SWPCETI Hl AT
EWPeRIM il 350
Males
PeT30M i 25
Brereilo arenieara (4)
Mlales
SWEF2ES H 213
SWETRD a (R
SWEFaRD a 180
SRR i 141
Stewedia bonpirosieis (5]
Fomales
SWEIEY 1 LAk
SWIEIEY Y 1#5
Males
SWE2ED a (B3
Sreno bredanensis (20
Females
Seo 0525 A 2148
Males
M9 il 213
Taressops oot {15)
Feanales
T3 ] 214
Trhe4F i 226
1157154 i 242
Ted53F I 227
T2 i 25E
Mlales
TeGFO | B i [k
TeO2ahd i 2354
Ti743M il 237
TR il 241
Tusism i 242
Tew0522 0 53
TisT12 i 250
SWTIAET i} |
TeaZdm i 251
MANLLSH A 0 245

0 Mg indes: § = juvenile: a=adull; o= old aduli
Festimated becly mass.

in 4307 3508 00240
RIS 4,738 4025 0,05%
B 4,150 4513 0.104%
w? 3798 anlad 0.12%
- =03 2455 (L3505
- G | 14016 (L2149
e T4E 142.4 (140
= ThE 151.1 DL REE
- 435 548 (U210
- 504 | 365 0,266
- TIA L85.4 0.23%
91® 1,503 24510 0062
o 1,575 L824 0.l
131 1,404 214.1 0,152
126 1588 233 1, 16k
220 1410 AT 0227
L0 11132 1911 0172
197 1,600 2581 0,160
A% 054 1303 (0. 146
158 1382 2745 0. 199
135 1562 2568 0 16
I a4 2558 0.l

134 1. ART ARLT 0170
25 L&l 7%k I e
114 1.4ar0 2692 (165
[RE] 1.30m 2413 (195
212 1LE25 324.9 RN
193 150 291.4 (186

where CCAVBEM was determined in hrains from 5 females
ancl 10 males and examined for sex difference {table 1), Ne
statistical differcnce in the matio existed between sexes
(0,17 im males and 0,18 in females) at p=0.7226. Although
BM s generally similar in male and female Thesiops, mean

BM in our CCA sumple of this species was larger in males
(1,342 gh than in females (1,385 gl accordingly, the slulis-
tical indistinguishabilicy of CCAMBM hetween sexes was
muintained by o proporicoately somlar dichotomy in OCA
(2629 mm? in males and 242 4 mm® e females) (able 15,

16} TarpleyTidgway
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Table 2. Cdontocoe corpus callosum

aren (mm?) b brain mass (2] ratio ranges asd Species mn Range Mean  Brain mass (g mesan)
rveans and Brain mass means by spocies lo i
juveniles and adulis, sorted within famalies Delphinidae
by ascending specics mean ratio Crcins ore 6 0O7R-0IT 0097 5365
Frewdored crasyidony 4 LRS- 130 115 4249
Livvodeiphis horealis | 13% 0.13% 1,162
Stemo redaeensis 2 0IG-00062 i3y 1,530
Cerampies prisens 2 012201186 L1544 1.865
Cefabicephaln sacrorlivachies 3 DAL-DLeT Llal 2,540
Thraiaps Roanus 14 0143 -0.227 (172 1,480
Lagenarfvne e obliguedens 3 0,154 —0, 198 176 1,122
Foress gredga 4 L, 1 =020 o1g7 10650
Drefphiiviss delphis T 0 1) =[] 250 (207 T15
Sremella aireriais i 1900305 225 740
Ceplialorfnnelus commersonis 5 0193-0,258 ] T4H
Sresiella fongieaatnis 3 0,230,310 0.272 575
Faogtidae
Kogra breviceps 3 015023 |50 TR
Fooaghi vimas I n.z3 (.230 15
Slomad ot nlse
Irefphinapteras dewens B 0.13-021 147 200G
Physeteruine
Fhvserer mecracelidiug i~ 017 (L1743 TE4
Ziphiidlas
Mesapladon eirapaeis | .24 (230 |
' Meoanare.

We compared our Dnear regression  descnbing the
inverse relationship between CCAMBM and brain mass
[Nz 33 with the regression line of Tower (193547 wha related
neuren density and brain mass, We picked five points on
Tower’s regression line representing brain masses of 400 o
B.000 g, o =pan that encompas=sed the range of brain sizes in
our study. This segment of Tower™s regression 15 comipared
with our regression of CCAVBM and brain mass (g, 30,

We alzo made preliminary CCA messurcments in four
other cdontocete genera representing five species (akle 2,
A for our delphinids, the ratio CCABM was small nelative
to that in most mammals, with all ratios encompassed by
the range of the delphinid sample and family means or
single values of 0.210 (Kogiidae), 0,147 (Monodontidas),
0,074 (Physeteridae) and 0228 (Ziphidae),

The brain of the Ganges river dolphin, P gangerica,
figured i Pilleri (1974 had a CCA of 126.3 mme(able 3.
The small brain zize (293 21 of this (reshwater doelphin
resulied in a comparatively high CCASBM of 043, In both
our minke whale, B, gcwtovosivata, and Wilson's {1933
blue whale, 8. sicscedes, we calculated o CCASBM of 0015
riahle 33, In four juvenile Califormia sea lions, 2. califor-
igeins, CCA ringed from 1092 to 2222 mmd, giving a

COABM range of 0,348 10 0.52% (mean. 0.442). In a
single walrus, & rossiares, brain we mensured CCA as
188,77 mm*® with a CCA/BM of (L151. The highest ratio of
our sample (00E29) cocwrred inoa West Indian manatee,
T miaeates, where CCA was 2502 mm® and brain mass
was 3020 g (table 3.

Discussion

Phylogenetic comparisons of corpus callosum  size
(defined Dy its area in midsagittal section) in relation o
brain mass have been rarely repored. However, our find.
ings provide quantitative suppaort for the suggestion that the
corpus callosum is small relative 1o brain mass in the ceta-
cean order. Anthony [1928] examined this feature in 26
mammalian species, cach represented by a single individ-
ual, and determined ratios of corpus callosum area 1o bramn
mass, expreszed in mmfe, rnging from L1035 o 1125, In
only three brains from his sample did the ratio fall helow
the haghest value (0.3 1F in our collection of 37 delplunids;
these consisted of a comman dalphin (00 105), an Indian cle-
phant (TR and o monk seal (0,293, While our ratio for

141



Tahle 3. Broin merphomedirics in ather maringe mammal species

CC oren
(mm’)

COAMRM
radi fmm

Brain
mEs ()

Species (nFyoode #

Ceracea
Muwstcen
W aeweforoviraia 0]
Wlales
BEAYIOR
i, mscnfes (10
Inknown siex
Bmial
Dfonioceii
Foangefica (1]
Females
Padied
Canivorn
£ valforaianes 14
Females
ZCAAUE
Pl
Ylales
A2
Linkn<mwn sex
s VK aT2
£ rresenarws 111
Fernalies
SWERLLT
Sirenia
T rraiies 1
Linkirswn sex
TmEsEnaR an2

LB
[ B

) 3MpR 151

3ATH A5L1 (L1510

BT 126,45 0431

S
Al

L

0.3
0422
20 paza 0.524

L

1557 0151

2503

nazh

the commen delphin, Based on a larger sample (n =71 was
higher than Antheny's with o mean of 0207 (range,
(L1A40—=0 2890, 1 1= netable that Antheny’s lewest ratie
threugh & broad range of mammal specics occurred in his
enly celacean representative. Ina more recent study involy-
ing 14 mammael species Galse hmited w observations in
single individuals for cach specles) Mueto et al. [ TWG] pro-
vided data that generated ratios ranging from 0,217 throwgh
Fa400 Although the bramns i ns sample were weighed
with the cerchellum removed, thercby artifactually rsing
the ratio, it is still significant that the single cefaccan (2 pan-
ropicl spotted dolphing an bis siedy, as o that of Anthony,
possessed the smallest corpus callosem relatve 1w bran
mass. Fidgway [ 19EG] called attention 1o the reduced cor-
[P callo=um of ceraceans, |'|-f_‘||i|'|g thar callosal r11i-:’|:-uu'_i.|r:i|.
stz appeared similar i single beains of & human and a kil
ler whale, even though brain mass in the whale was some
five times that of the hwman, All three cetaceans {Commmon

doelphin, pantropical spotted delphin and killer whale) con-
sidered by the previous authers come from the delphinid
Family of odontocetes (weothed whalez), as did our 57
brams representing 13 species. Our messurement of the
corpus callosum from a midsagittal phetograph [in Paller.
1974] of the brain of & zingle Ganges river dolphin (Family
Platamisticdag, the most pomitive cetacean Gmily Do an
evolutionary perspective), and our caleulation of the ratio
(043170 based on the brain mass given in Pilleri’s article,
sugzesl g comparatively large corpus callosum in this ceta-
cean famaly (which also has the =mallest bron mass onong
cetacean Families], However, our preliminary ohservations
of corpus callosum size From small samples in four other
odomtocete Tamihes (Kogindae, Monodontidae, Fhvseten
chie wned Zaphasdaed, = well as i teeo singele mdividoals of
mysticete (kaleen) whales from two species of the family
Balaenopreridae, suggest that a relative redoction in corpus
callosum =iee ot the braon midling may be the prevailing
iheme of the cetacean order. We have made casual observa-
tions of cuwr siudy specimens reganding the presence of
other cerebral commissures and have thos far found no
imchication that the relatve reduction of the cetacean compus
callosum has been compensated by an enlarsement of other
commizsural traces, such as has heen docomented in mars-
prals whers the corpus calloswm 15 absent and the antenor
commissure b5 the primary cerebral link [Ebner, 1967].

Despite this redoction in the corpues calloswm in ccla-
ceans, iU is apparent that callosal size relatve 1o brain mass
in our 57 delphinids 15 not a fxed relawenship sipee the
atios occur through a broad range of values (0.079—01.3 1),
Coor daa indlicate thar thiz range of ratios varies at least in
part with braim mass wsell, with the stze of the carpus cal-
losum decrcasing relative to increasing brain mass. Suckh an
explanation is compatible with the rather large ratio {0431}
we determined Tor the single Ganges nver dolphin whose
brain mass (293 o) 15 ameng thee smallest within e cota-
cean arder, The inverse relation berween the COASBM and
EM appears further upheld by our initial, thowgh limited,
chservations i alther marine mamunal taxa (able 3, T foog
juvenile Califomia sea lions, where brain mass ranged [rom
314 o d20 g, callosal o brain mass ratios varied Trom 0,343
o OUA20, whenzas o walrws, with s lacger 1,230 2 brain,
the rutio dropped to 001510 Cwithin the ranse of our delphi-
il valies),

Tower [1934] presented evidence based on data from
varous manumals, mcluding one celacean species (Balaen-
ofera piveaiug), that larger brioins gencrally feature a
decrease in the density of cerebral contical neurons, This
meverse correlation  morers  the  relationship berween
COAEM and BM within our delphinid stody sroup, Sinee

162 Tarples Bz way
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in eutherians the corpus callosum is the major strectural
linkage bBetween right and lelt isocortical neurons, the
reduction in the corpus callosum in delphinids may signal
i part & decreased density of isocorical neorens commen-
supte with the relatively large brain =ize in this group.
While cortical neuron density assessments have been rarely
accomplished in cetaccans, and the distinctions belween
primary and association corex remain vnslear, Moerzane ¢
al, [T98E] in o stody of the visual cortex i dolphing re-
ported @ total mean density of 40,000 neurons/mm® in Jar
cril eymus homolaminar cortex, which had 1he features of
primary projection or association corex. Garey and Leuba
[19836] calculated neuronal densities of 23,000 and 44,200
cells/mm?® in antertor and posterior lateral gyiis comex, e
spectively, in adolt Atlantic bottlenose dolphins, By com-
parizon, Tower [19534] determined an averaee density of
6 800 neurons/mm® in random cortical samples from two
fin whale (8. pleysalns) brains, where brain mass was &30
goand T 000 20 Since both Garey and Leuba [1986] and
Moroane et al, [1988] worked with a muoch smaller cetacean
(the bottlenose dolphind, whose brain size is similar 10 that
of & human, the greater neuronal densivy in their studies fol-
lovws Tower's general concept of lower densities in larger
branns, Our oon study hints at a gqualicatively similar rela-
tionshup with respect toorelative callosal size and brain mass
in similar species, with a ratio of 0,05 i the tee baloenop-
terid mvaioeles and mean ratios of 0172, 00228 and 00,272
in the Atlantic bottlenose dolphin and two stenellid species
(the pantropical spotted and spinner doelphing, espectively.
The regression through our ralio dala presents o slope
(~0.36) similar o that through Tower's (-0.32) (fig, 3),
Should Tower's interpretation be corvect, callosal size could
then feasibly reflect contical newron density. However.
given the regional vanations cortical thickness and neuro-
nal density, which have been ohserved even within a single
cetuccan brain, canfion is best advised for the present o
aocepling the inverse relationship between brain size and
neuron density {and the implications for corpus calloswm
stieeed in this mammal group. We suspect that Tower's con-
Copl iy I:'-:.‘\-:|lLiI'l.‘: some revision when more reliable data
become avarlable on o greater number of lurger brains,
Despite the  sencral  comelation between BM and
CCAMBM in our study sample, possible digressions from
thiz theme need Tother attenton s addional specimens
become avalable. For example, while brain mass in ihe
blue whale we cited was over twice that of the minke
whale, the ratio in both brains was essentially dentical
(0,130 Furthermore, our examnalion of a single manatee
brain revealed a somewhat higher ratio (00829 than we
mught expect for a 302 g brain (compare the 214 2 b of

one of our Califomia ses lions where the ratio was 0245]
I Bz, sexual dichotemy in compus callosum and brain
size allomety demaonstrates thal variations can exist, even
within a single species, that are not solely a function of
brain mass: while corpus callosum midsagital area 15 =imi-
lar in both sexes, smaller mesn brain mass in females
resulls inoa larger female ratio [de Lacoste-Utamsing and
Helloway, 19227 Peters, 19581 {In cur own study, sample
sizes were not generally largs encugh 10 contrast valwes
between sexes. Only for the bottlenose dolphin did we
attempt o compare [Emales and 3 females, Ginding ne sig-
mificant difference between fhe two groups) Bidgway's
[1986] comparison between a human bran and a killer
whale braon, where encephalized mass dittered between the
Cwor nearly five-fold, while corpus eallosum size was sini-
lar in both, supports the possibility that Tactors in addition
o brain size may be operating to drive the magnitude of
interhemisphenc connectivity via the corpus callosum,
aince the corpaes cillosum is the major commissural link
Petween cerebeal cortical peurons of bath hemispheres, it
would be desirable o relae its size more specifically fo
cerebral cortical neuronal mass rather than the seemingzly
more crede mezsure of hrain size, since the laner addition-
ally encompasses all fiber components and other neoronal
centers deep e the corex. Rockel ef al. [1950], in a spedy
that ncloded sclected primates, rodemts and canmiveres,
determined that the number of newrons in a column of cere-
bral corlex was simlar (with the cxcepticn of the striate
visnal corex in primates), regardless of cortical thickness,
as neuronal densities shifled inversely with coracal depth.
Should this wnilommity extemd 0 cetaceans, 4 measure of
bsolute neuronal mass would directly relate o corical sur-
face arca. However, cortical surface has been shown o vy
directly with brain mass in cetaceans [Ridaway and Brown-
sonn, 1984 Jerisen, 1991, and such determinations would
pocordingly offer no advantages over CCA/BM since neu-
ronal mass wonld then vary directly with bram mass as
well, Garey and Leuba [1986] countercd on the basis of
thieir densily counts in the bottlenose dolphin, however, that
the generality proposed for mammals by Rockel e al,
[ TRE0] might not necessanly apply o doelphins. I cetaceans
are unique in this regard, it would then be necessary (o
determine specilic neurcnal densities and  comrelate 1hem
with cortical thickness in order 1o quantify cortical neuronal
mass in this geoup, While estimates of newronal density in
the visual cortex of the bottlenose dolphin have been pro
vided by Crarey and Leuba [1956] and Morgane et al.
[1988] on paraffin and celloidin embedded materials, re-
spectively, interpretations of absolute counts are compli-
cated by shrnkage artifact which accompanies these pro-
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cessing methods [ Kusky and Colennicer, 1982 Schiiz and
Palm, 19849], In addition, cortical thickness has heen shown
o vary with cetacean species and nol necessarily in direct
proportion W bram size [Pilleri and Kraus, 1969, Until
additional data on nearonal density and contical thickness
arg available acress a range of cetacean species (o it can be

etermmined that the cortical untformity presented by Bockel
ot al. kolds for cetaceans), it will be difficult to specifically
relate neurenal mass 1o such brain parameters as the corpus
callosum areq,

Phylogenetc separation between the cetaceans and Ler-
restnal mammals over at least the past 353 million years
[Giingerich et al,, 1983 has reasonably offered oppomuni-
les For the operation of niche-specilc selective pressures
duning o time when both marine and land-based mammals
were independently undergoing a process of encephaliza-
tian [Jerison, 1973], Many investgators have dizcussed the
significance of the cerpus callosum Tor interhemisphenc

communication in support of cerchral lateralization of

higher corical functicns in hwmans [Myers and Sperry,
1953; Myers, 1936, 1939 Sperry, 19%al, 1962, 1982; Goe-
wamiga, 1966; Bogen, 196%; Witclson, 19835, 1986; O Kusky
et al., [WEE; Peters, 1985, The wility of the commissural
syatems in the coordination of sensoimotor funcliicns (g,
those involving sight or sound) has also received atention
in humans, other primatcs and other terrestirial mammals
[Berlucchi, 1978 Garey, 1979 Innocenti, 1979, 1986:
Weiskeantz, 1979], Yet the potential Tor scane Tundamental
mechanistic distinctions in the cetacean order must be con-
sidered from findings in such species as the botilencse dol-
phin, where the cergbral hemispheres have independently
produced (during simullaneous recordings), electroence-
phalograph waveforms indicative of wakefulness (low voli-
age. fast activity] in one hemizphere while the opposite
hemisphere appears o slesp (ngh voltage, slow wave)
[ Mukbametoss et al, W7 Muokhametow, 1984]0 Evolu-

fionary pressures Favoring hemispheric independence (For

whatever reasens) may have diminished the need for some

aspects of the communicative link between hemispheres
necessary 1o other mammals, while leaving other expres-
sions of celacean encephalizanen unchecked, Thus, while
i such highly luteralized mammals as humans, where
interbemispheric coordination sustains an elaborate func-
tiomal asymmety, we might expect a lager conumissoral
Ik relative o brn mass than i other mammals (e,
cetaceans) where cercbral independence may be favored
over necids of lateralization and commissural development,

Finally, the degree of connectivity indexed by the mid-
sagittal area of the corpus callosum within the cetacean
group itself must be funther explored by considering neunon
fiber zize and density across the mideaginal bridge, Laman-
ta and Eakic [1990] have noted o ther stody of cerebral
commassures in the rhesus monkey that regional varations
of axoenal size and density in the midsaginal plane frusteate
the rigor of macroscopdc commissural area measuremsnis
in predicting the number of axons conveved trough the
commissure, (iiven such regional vanations within a single
species, we might reasenably suspect mean differences in
axomal size and numbers between  species, especially
perhaps within such mammalian families as the delphinds,
where brain mazs itself varies through a broad range. Infor-
mation addressiog callosal fiber density in cetaceans will
nesd o ke assembled before the power of midsaginal sise
in defining the communicative link provided by the corpus
callosum can be more accurately assessed,
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