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THE EELATIONSHIP BETWEEN HEART MASS AND
BODY MASS FOR THREE CETACEAN GENERA:
NARROW ALLOMETRY DEMONSTREATES
INTERSPECIFIC DIFFERENCES

[e has become comman practice in comparative animal studies o examine
allometric relatonships beraeen body mass and a second morphological or
physiological measure (see Calder 1984 and Schmide-MNeilsen 1984 for reviews).
These relanonships often pecmit generalizadons abour celacive changes in one
organ or phystological process with respect to another over g wide range of body
sives, The weility of such reladonships s readily apparent pardicalarly when
applied o wild populacions in which extensive physiclogical measurements are
not passible. For example, basal mecabolic race of the blue whale (Lavigne e
al. 1990} has been esnmared using Kleiber's (1973) equation. Mathemacally,
body-size relationships are often of the form of o power relation: che variable
expected ro depend on body size is expressed as a function of body size raised
o some power. Starstical analyses of such body-siee reladonships are simplified
by log eransforming the data and analyzing the reladonships as straight lines.,
While broad scale allomerric relarionships are appealing, boeh for cheir apparent
applicability over & wide range of body sizes and their machemarical simplicicy,
their use may mask imporant incerspecific differences which are evident only
when analyzing over a narrow range of body size

Brody (194 %) firred an allometric equacion o heart mass (k) as a function
of body mass (kg) for adule mammals ranging in body size from 0,00 10 over
100,000 kg, Innes ef «f. (19H6) observed that the mass exponent in Brody's
equation, H = (LO03BRM" where H is hearr mass and M is body mass, is
net different from 0.94 derived for ceracean species (Sergeant’s data 1969},
Lockyer (1981) also showed thae Brody's sqpuacion seems to fir heare mass data
loe cetaceans as different as Phocoena phocsena and Balaesapiera muscsdss. Ridg-
way and Johnseon {1966), however, reporred differences in hearr mass as a
percent of body mass berween the three species Phacoensider dalli, Lapesorbymchig
abliguidens and Twrsiops trancaiui. Heare mass estimares made from a general
allemerric equanon such as Brody's or Innes's will fail wo demonstrare differences
in heart masses, If they do exist, berween species whose body sizes overlap.
Limicing the sange of body sizes over which these equarions are fit may provide
imsighe inco physiological, morphoelogieal, or behavioral variation between species
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{Smith 1984, We present heart mass and body mass values from three genera
of small odonoeceres in which interspecific differences in scaling do exise, and
propose an explanation based on ecological and physiological differences.

e compared relacve heare masses of four species of small odonoceres in
the 50=234 kg body mass range, a range over 300 times smaller than the one
wsed by Brody (1943), Dat on Lagensedynchss gewtsrs are from the smdy of
Geraci et af, (1978); and on Phocsenoidler dalii from Morejohn (1979), the
study of Bidgway and Johnsron (19660 and M. Miyazaki (personal commu-
nication). In additon, we have included previously unpublished data feom o
laboratory on L. obfiguidens, F. dalli, and T. tripcatns. Since nor all che srudies
provided infarmation about the sexual maturty of the individuals, we divided
the dara set ineo rwo groups based on body mass. T. srwwcaens, P dalli, and
Lagerorhynchus spp, were congidered adule if their body masses excesded 120,
73, and 75 kg, respectively, while smaller individuals were considered juveniles
i3, Ridgway, personal abservacion). All dara are [eom either serandings, incdenial
rakes by fisheries, or from animals which died of namral causes while being
maintained in our program under U5, Federal permic. We agree with Calder
198y who emphasized the valee |_‘:-|'J?::||:1ii.;-'.'||'ir|g comnplete dats sers e allpmereic
souclics; cherefore, we have lisred all of our daca in Table 1.

A leasc-souares analysis was carried out on boch che eneeansformed daa and
log rransformed dara in arder to derermine the relarionships berween heart mass
and body mag, While the unteansformed data over such a small body size
range appeared linear, the slopes of the besc-fic lines for the log cransformed
data were found o be significantly differene from 1 (juveniles: P = (L0A7T,
adules: F < 0,001} using Soudent’s #-rests followed by a consensus combaned
P-value rest (Rice 19900, The log transformarion also resuleed inoa decrease in
hereroscedasnaoy within each dara ser, Therefore, an allomerric relasionship for
each of the four species (three genera) and owo stze classes was desoribed by a
linear equation of che form log My = log @ + & log My, where M, s hears
mass (kg) and My 15 body mass (kg

For the adult individuals, slopes of the resultant regression lines were compared
using an Ferest (Wall 1986) and found noc co differ (£ = 0.158). Since che
slopes were noe significantly different, the regression lines were recaloulared using
& common slope. Intercepes of dhe pacallel lines were compared wsing an F-rest
and found to differ (P < 00013, Stedent’s r-ests comparing each pair of
incerceprs followed by a sequenoal Bonferonnt adjostmenc for mulaple com-
parisons (Rice 1989) showed no difference berween the lines of L. sewrws and
L. efiguidens (F = 0107}, All other pairs of boes had different intercepes (P
< 0,001) The resulis of the analysis wich four spectes allowed us o pool the
Lagenorfyncbar spp. dara and repear the regression analyses for the chree genera,
Slopes again were found not o differ (P = 0.1538). A common slope was
derermined and intercepts of the parallel lines were compared and found oo
differ (F < 0.001). Srudent’s #-tests comparing each pair of incercepes followed
by @ sequential Boaferonni adjustment for multiple comparisons demonsorared
sigmificant differences in inwercepts of each of che dheee lines (F < 000013,

ldenrical analyses were run with the juvenile dara. Slopes of che resuloan:
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SOAULTOES AL Eiven in Takle 1, The dashed lnes are lesc-sguines escomares o the log
wransformed dasa. Solid lines are those fr under the constraing of A oconszanc slope.
Disconnnueries anche lines oo oeach genos coour at the eransition berween the poo sizg

Classes,

regression lines were compared and found mot oo differ (P = 0.772). A common
slope was caloulated and inrercepes of the parallel lines were compared and
found o differ (P < 0.001). A comparison beoween each pair of incercepes
demonserated no difference berween the lines of L. acatar and L. sbfiguidens
P = 0BTTY ANl other pars of lines had different incercepes (P < 0L02). The
Lagerarhynchus spp. dara were pooled and the regression analyses repeated for
the chree geners, Slopes again were found noc oo differ (P = 03820 A common
slope was decermined and inercepes of cach parallel line were compared and
found to differ (P = 0.001), Thus, for boch juveniles and adules, we demaon-
scrared a differcnoe in relative Mg beoween the three genera: Phocsenerdles had
the largese hears in relacion to |."||:J-:_|],' size, Tariopr the smallese, and the Lag-
eworyredys spp. A relagve heart mass intermediare of the throe genera soudied
tlig. 1) Coefhicients and srandard errors for each of the resultant allomerric
eguations relatng beart mass and body mass are given in Table 2,

To determine whether che size, and thus infereed macaratton stare, is a
sigmificant determinane of heare mass, we compared, vie a general hnear model
F-rest (Merer ef o/, 1983), a single lincar regression for all the dara wichin a
genus with regressions (of the same data divided into the owo sice classes,
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Table 2. Coeflicients and standard errars of the allometie selationships, log Mg =
log & + & log My, relaring heare mass and body mass, Mumbers in parentluses ase sample
Alais,

Cremera log, @ -SEM o 4 SEy "&-:,. & r

Pharaemaicies

Acdulis (353 —1.514 164 (808 0os7 ] 0595

Juvenales (300 —2.375 2% 1.19% 1ls 0% 0523
Lagenartynchur

Adults (28) —1.729 0125 0808 0057 0042 DE

Juvenilss (1353 Zad3 m2l4 1,155 VR 0.0n7 04540
Trirsiay

Adiales {200 1027 0127 EnE PR 0,002 . 544

Juweniles {15) — 2 i) (.22 L.195 O 11E 0.072 1734

8Fp o = standard crror of log «

Sk = smmndand ervor of the comman mass exponcn £,
5, ¢ = standard ermor of che ssoimaced line.

#* = ppeficiens of dererminanan.

Individual rests for each genug were pooled using a consensus combined P-value
rese (Hice 199400, and the size effecs was found o be significane (F < 0L001).
Thus, where Brady (1945) indicarcs thar hearr mass rends w0 vary direcely wich
|_~,,-_.._l:|,- mass -:Iurin;!.r, gmw:h, we dernonsteate that hears mass is ﬁgn:ﬁ-:a.m!:,' greacer
in proportion o body mass in small growing animals. Perrin and Raobees (1972)
repore similar Andings for Sreselle atfennala.

Since our naerow scale allometric analysis demonstraces significant differences
in the scaling of hearr mass with body mass in chese three ceracean genera, we
sugrest thar these obaerved differences may be due o differences in physiological
amd ecological demands. From studies on rerreserial species i is known thar
individuals with grearer metabolic demands due o exercise or high thermaoreg-
ulzrory coses have greater hears masses {Astrandd and Rodahl 19775 B dalft is
primarily an oflshore, cocl-water porpoise (Gaskin 1982) yer has thin Blubber,
comparatively large muscle mass, and s reported o be one of the fascest
swimming of small ceraccans {Morrs and Prescore 1961, Ridgway 19646). L.
acrenr and L. obfigeidens have antitropical distnburons in che Norch Acdancic
and Morth Pacific respectvely (Gaskin 19820 and are reporeed 10 be slower
swimmers than P dadfi (Norns and Prescorr 1961, Ridgway and Johnseon
1966, All of the Twrriops measurements reported here were of Atdlantic bor-
clenose didphing from the Gulf of Mexico. These Twrsiapr are known to be a
slower moving species preferting warmer, nearshore waters yer have thicker
Blubler in comparison 1o Fheceewsider and Lagenorbywchus, P, dalii feeds pri-
marily on soquid near che chermocline of deeper waters (Gaskin 1982) and on
soame deep-water fish species such as hake (Norris and Prescote 19610, Stoemeach
content analysis of a group of scranded L. aeeiws (Geract of &, 1978) also
demonsteates a dier of both squid and fish, however they are penerally hsh earers
and may spend less dme diving to the deep chermaocline (Gaskin 19821, Al-
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rernatively, T, resicatns populadons from che Gulf of Mexico rarely feed offshore
and have diers consistng primanly of nearshore fishes (Barros and Odell 159907,
P dadli, L. sbliguidens, and T, tramcater individuals of appeoximarely the same
body mass required 14,5, 8.5, and 6.0 kg, respectively, of Pacihe mackerel per
day 1o maintain body weight (Ridgway and Jobnston 1966), again suppordng
|.‘-'¢'|I.'|I.|Jt'|. differences in merabolic rarcs.

In additicn to behavioral and distributional differences, Ridgway and Johnston
{19667 found marked differences in the Blood volumes of P, dadfi, L. obfiguidens,
and T srmmcaiey (143, 108, and 71 mil kg, respectvely). Similarly chey repore
dilferences in mean packed-cell volumes for the chree species ar 537, 33, and 45
percent, respectively, contributing o overall differences in blood-oxygen carrying
capacitics of the theee species. Increased dive capabilities associared with the
higher oxygen careying capacities (Kooyman 1985 are substantiared by obser-
vations in these three genera

It is inceresting o note that when we cxamined relagve hears masses of o
Yrewedia species of the eastem tropical Pacific reporred by Perrin and Robers
{19723, we lound hearr masses soll lower than chose of che thres genera reporred
here.

Regarding the present analysis, we conclude chac broad scale allomernic re-
larionships may nor be appropriaee for comparisons berween species of asimilar
size, A slope coefficient generared from peoled data may deviate from the oue
slopes for the individual species’ dara whenever the relarionships for the individual
species do nor have both che same slopes and intercepes {Heusner 1982). We
pooled the heart mass darz for che aduls of the three genera reported here with
the Sterella spp. adules from Perrin and Roberes” study (1972) and denved che
relacionship log My = —2.232 + LO37 log Mg, where M, 15 heart masa (hegh
and M, 15 body mass (kg), Thus, by pooling dara for four genera shown o
have differene relarsve hearr masses, we have derived an isometric relatonship
{slope noc differenc from 1, P = 0.672) consistent with previous ingerspecific
relationships. The common slope of 0,808 reported here when cach genus is
permitred 00 have a unique incercepe, 15 significantly ditberene from 1 (P =
EREERNR

In agreement with Smich (1984} we have found that the applicsdon of
“broad allomemy™ wechnigques, although widely used in compararve studies,
may be insufficient for compansons berween genern within a small body size
range. Different species, or even populations of animals of the same speaes and
by size, will not necessarily share the same ecological niche or physiological
characteristics. In our view i is @ worthwhile biological queston o ask why P
dalfi has 2 hearr significancly larger than char of T, sreneatas, a distincrion which
might be overlooked when relationships over large body size ranges are examined,
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