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Abstract: Body and adrenal weight in a 
population of feral cats, Felis catus, 
inhabiting Marion Island was studied. 
Body weight js high, characteristic of 
feral populations and provides a demon
stration of sexual dimorphism. A sig
nificant allometric relationship between 
body and adrenal weight is indicated. 
There is an influence of the S allele 
upon adrenal weight that appears to dif
fer between agouti anu nonagouti genomes, 
Keeler's predictions for the re
lationship between body weight, coat 
color and domesticated behavior do not 
appear to apply to Felis. In general, 
body weight and adrenal weight decrease 
as phenotypes beccme progressively 
darker. This relationship is congruent 
with speculation about the behavioral 
adaptation called forth by the urban 
habitat. Although feral for approxi
mately 24 generations, the genotypic 
correlates of body and adrenal weight 
in the Marion Island population reflect 
the "urban" history of the founder pop
ulation. 

INTRODUCTION 

Anatomical and physiological changes as
sociated with domestication have been 
documented for a number of species, 
particularly farm aniuals (Ucko and 
llimbleby 1969). Less distinctive are ele 
changes that presumably occurred within 
early domesticated forms of Canis and 
Felis, two genera whose association 
with man is now fostered primarily for 
aesthetic and emotional reasons (Bald
win 1975; Clutton-Brock 1977; Todd 1978). 

Free-ranging populations of Felis catus 
are now distributed worldwide and in many 
regions such populations are, in part, 
fostered by a cultural priority given 
to the pet relationship (Fagen, 1978; 
Todd, 1977a, 1978). Feral populations 
of F. catus living independently of any 
influence of man became established on 
several islands, including some in the 
sub-Antarctic (van Aarde, 1978). 

population densities in the urban habitat 
colcr.ized by cats are high and may ap
proach 20% of the human population in a 
given area (Todd 1977b). Density depen
dent correlations for the frequencies of 
the coat colour mutants nonagouti (a) 
and blotched tabby (tb ) have been iden
tified in the united Kingdcm/Eire region 
of northwest Europe (Blumenberg and Lloyd 
In press). The advantages accruing to ind: 
viduals possessing the dark phenotype 
characteristic of the urban environment 
have provoked speculation (Clark 1976; 
Todd 1978). This paper represents a first 
attempt to find relationships between 
certain anatomical paramaters (body and 
adrenal weights) and those mutant alleles 
that confer a dark phenotype upon indi
viduals; and to speculate upon the pos
sible adaptive significance of such re
lationships. 

The Marion Island cat population repre
sents the descendants of a tiny urban foune 
er population (van Aarde and Robinson, In 
press) that was abruptly exposed to a re
laxation of urban selective pressures, 
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while concomitantly forced to adapt to 
the requirements of a sub-Antarctic en~ 

vironment (v~n Aarde 1978 In press). In 
assessing measurable correlates of anator,~r' 

ical, physiological or behavioral para,., 
meters, the domestic origins of the found
ing population as well as the challenges 
presented by the Marion Island en
vironment, must be taken into account. 

METHODS 

Information on body weights, adrenal 
weights and coat colour mutants were ob
tained for 160 individuals collected be
tween December 1974 and April 1978. Cats 
were killed using a 410 gauge shotgun, 
or trapped and then killed with Euthabarb 
(Goldfields Veterinary Medical Supplies) 
for humane euthanasia. Mutant alleles 
controlling coat colour and pattern were 
scored as 	described by van Aarde and Rob-

Robinson (In press) and adrenals were 
weighed using an H8 Hetler electric balance. 

Phenotypic classes were compared using 
Student's 	t test which shows particular 
robustness to departures from normality 
in data distribution. The test is, 
therefore, quite conservative when dem
onstrating significant differences be
tween means computed from small samples 
(Simpson, 	 Roe and Lewontin 1960). 

RESULTS AND DISCUSSION 

Coefficients of kurtosis and skewness 
and the fourth moment indicate that 
adrenal weight is normally distributed. 
However, a normal distribution in body 
weight is 	questionable, an observation 
that is not surprising considering the 
sensitivity of this parameter to season 
and food resource availability. 

The phenotypic counts and mutant allele 
frequencies characterizing the present 
sub-sample are given in Table 1. The 
genetic profile differs from that re
ported for the total study group (n=839) 

discussed 	by van Aarde and Robinson (In 
press). However! only p (S~Shows a 
significant difference (X = 4.57) be
tween the two groups. The difference may 
well be accounted for by the difficulty 
in detecting low grades of piebald spot
ting in individuals observed at a dis
tance through binoculars. Such a proce
dure was employed for 656 of the cats pre

viously scored (van Aarde and Robinson, In 
press). The popUlation does not exhibit 

the genetic profile believed characteris
tic of long term feral populations; i.e. 
low frequencies of all common mutant 
alleles except, perhaps, t b (Dartnall, 1975). 

Table 1 	 Autosomal mutant alleles, pheno
types observed and allele fre
quencies x in the studied sub
sample of the Marion Island 
cat popUlation. 

Mutant Number Allele 
phenotype observed frequencies 

Non-	 a+ 26 
agouti 	 aa 134 q(a)=0,915±0,016 

Blotched 	 tt 11 
tabby 	 tbtb 12 q(tb )=0,722±0,072 

Dilute 	 d+ 156 
dd 4 q(d)=0,158±0,039 

Longhair 	 1+ 159 
11 1 q(1)=O,079±0,039 

Piebald 	 S 64 q(s)=0,225±0,025 
spottingxx + + 96 

s s 

xAllele frequencies and standard errors 
determined by well established procedures 
(see van Aarde and Robinson, In press) . 

xXAn alternative p(S) may be calculated 
assuming the S4-7 individuals to be hom
ozygous at the S locus and all other pie
bald spotted individuals to be heterozy
gous (Dreux 1975). Such a procedure 
yields a p(S) of 0,209 which does not 
change the significance of the difference 
vis a vis 	the data of van Aarde and 
Robinson, 	 In press). 

The genotypic constitution of the small 
1949 founder popUlation and second in
troduction is well known (van Aarde and 
Robinson, In press) and the founder effect 
predominates on Marion ,Island. The indi
viduals in the founder popUlation may be 
considered representative of animals 
drawn from typical-urban or free-ranging 
groups. 

Sexual dimorphism in body weight is ap
parent from the data in Table 2, males 
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being significantly heavier than females 
(p< 0.001). The pregnant female subgroup 
differs from the nonpregnant subgroup 
(p< 0.001) and the lactating subgroup 
(p< 0.01). Sexual dimorphism with respect 
to adrenal weight is less clear. Adrenal 
weights of males and females do not differ 
significantly. However, male adrenal 
weight does differ significantly from 
that of the pregnant female subgroup 
(0.02 >p> 0.01). Within the female pop
ulation, dlfferences in,adrenal weight 
exist between the entire group and the 
pregnant subgroup (0.02 >p> 0.01); be
tween the nonpregnant subgroup and both 
the pregnant and lactating subgroups 
(p< 0.001 and 0.02 >p> 0.01 respectively). 
Latimer (1939) found adrenal weights in 
the cat very similar to these with the 
mean for males slightly higher than that 
for females; the difference was statis
tically nonsignificant. Northrup and Van 
Liere (1960) present adrenal weight: 
body weight ratios (but not the 
raw adrenal weight data) for a domestic 
cat sample that are in excess of those 
shown in Table 2. They claim that their 
data support a conclusion of sexual di~ 
morphism. Considering the problems in
herent in the statistical comparison of 
ratios (Dodson 1978), this conclusion may 
have been premature. In order to elim
inate sex as a variable influencing either 
body or adrenal weight, the investigation 
of genotypic correlates of body and ad
renal weight in this study was conducted 
on the male and female samples sepa
rately. 

Contrary to the statement of Larson (1978), 
a good allometric relationship between 
adreral and body weight is obtainable for 
the cat and may be here demonstrated for 
both the male and female samples (Table 3). 
Latimer (1939) reports a linear regres
sion for male adrenal weight upon body 
weight and a nonlinear relationship for 
female adrenal weight upon body weight 
with significant correlation coefficients 
for both equations (p< 0.001). Northrup 
and Van Liere (1960) state that adrenal 
weight in cats does not adhere to the 
allometric relationship with respect to 
body weight. Stahl (1965) reports a 
highly significant allometric relation
ship between adrenal weight and body 
weight over the entire spectrum of non
primate animals. 

Table 2: 	 Mean body and adrenal weights 
by sex and female reproduc
tive classes at Marion Island. 

Group 
Sample 
size n 

Body weight 
(kg) CV 

Population 
Males 
Females 
nonpregnant 
pregnant 
lactatingxx 

160 
106 

54 
36 
18 

7 

3.28±0,984 
3.49±1,040 
2.86±0,675 
2.65±0,69l 
3.29±0,330 
2.92±0,270 

30 
29 
24 
26 
10 

9 

Adrenal 
Adrenal weight weight/body 

Group (grX) CV weight (xl04) 

Population 0.382±0,149 39 1.16 
Males 0.380±0,157 41 1.09 
Females 0.387±0,132 35 1. 35 
nonpregnant 0.345±0,128 37 1.30 
pregnant 0.473±0,098 21 1.44 
lactatingxx 0.48l±0,097 20 1.65 

xNo significant difference in adrenal 
weight between LHS and RHS, therefore 
mean organ weight per individual has been 
used throughout. This observation allows 
the few single adrenal weights to be con
sidered mean values for the purpose of 
keeping the data base as large as possible. 

XXlncludes individuals at the end of 
lactation. 

Table 3: 	 Scaling of adrenal weight (AW) 
to body weight (BW). 

Males: AW = 0.102BW1 ,023 r = 0.809 

P < 0.001 	 (df = 104) 

Females: AW = 0.147BW 0,886 r = 0.683 

p < 0.001 	 (df = 52) 
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Table 4: 	 Body weight and adrenal weight against 
coat colour phenotype classes for the 
male component of the Marion Island cat 

Phenotype n 


a+ 18 


a+ S+5+ 11 


a+ 8 7 


a+ t+ 8 


a+ t+ 8+S 4 


a+ t+ 8 4 


a+ tbtb 7 


a+ tbtb 8+8+ 5 


a+ t b t b 8 2 


aa 88 


s+s+
aa 48 


aa 8 40 


aa t+ 8 2 


aa 83-7 3 


aa dd 2 


Phenotype n 


a+ 8 


a+ S+8+ 7 


a+ 8 1 


a+ tbtb 5 


a+ tbtb 8+S+ 4 


a+ t b t b8 1 


aa 46 


aa s+s+ 30 


aa t+ s+s+ 1 


aa 8 16 


Body weight 
(kg) 

3.58±0,832 

3.4l±0,774 

3.85±0,850 

4.06±0,56l 

3.85±0,269 

4.28±0,683 

3.24±0,774 

3.24±0,742 

3.25±0,850 

3.47±1,080 

3.2l±1,170 

3.79±0,863 

3.75±0,250 

4.l0±0,408 

3.40±1,200 

Table 5: 

Body weight 
(kg) 

2.64±0,654 

2.53±0,627 

3.40 

2.72±0,611 

2.55±0,568 

3.40 

2.90±0,672 

2.94±0,505 

3.30 

2.83±0,90l 

population. 

Adrenal weight 
(gr) 

0.4l7±0,179 

0.456±0,198 

0.356±0,122 

0.432±0,171 

O. 481±0, 218 


0.383±0,078 


O.437±0,203 


0.5l4±0,169 


0.243±O,138 


0.372±0,149 


0.333±0,150 


0.4l9±0,172 


0.447±0,177 


O. 46l±0, 137 


O.232±0,032 


Body weight and adrenal weight against 
coat colour phenotype classes for the 
female component of the Marion Island 
cat population. 

Adrenal weight Adrenal weight/ 
(gr) 	 Body weight x 104 


0.304±0,08l 1.15 

0.300±0,086 1.19 

0.334 0.98 

0.3l5±O,060 1.16 

0.311±0,066 1.22 

0.334 	 0.98 

O. 402±0, 135 1. 39 


O. 387±O, 112 1. 32 


0.508 1. 54 


0.429±0,166 1. 52 


Adrenal/body weight 

ratio x 104 


1.16 

1. 34 


0.92 

1.06 

1. 25 


0.89 

1. 35 


1.59 

0.75 

1.07 

1.04 

1.11 

1.19 

1.12 

0.68 
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Tables 4 and 5 present mean body and allele upon adrenal weight which is dif
mean adrenal weights for each phenotypic ferent in agouti and nonagouti genomes. 
class for males and females separately. The adrenal weight of a+_ s+s+ is higher 
Several phenotypic classes exhibit sta that that of a+_ S_ in males, although the 
tistically significant sexual dimorphism difference is nonsignificant. Further
in body weight: all nonagouti (aa __ ) , 
nonagouti with piebald spotting (aa S_)i 
all agouti (a+ __ ); and agouti with no 
piebald spotting (a+_ s+s+). In striped 
tabby males (t+) , body weight is signif
icantly higher than in blotched tabby 
(tbtb ) males (0.05>p<0.02). In nonagouti fe
males, body weight is almost significant
ly lower than that of agouti females as 
judged in nonpiebald spotted animals 
(0.1 >p< 0.05). The male data appear to 
demonstrate a positive effect of the S 
allele (piebald spotting) upon body 
weight. A significant difference in body 
weight between the aa s+s+and aa S_ 
classes exists. Considering that 37 out 
of 40 male piebald nonagoutis (aa S_) are 
Sl-3, this observation most likely indi
cates the effect of a single S allele 
(Dreux 1975). Dreux's work indicates 
that some, or all, of the three S4-7 in
dividuals are homozygous for the S allele. 
They, therefore, should have a higher 
mean body weight than that describing 
the entire male aa S_ class. This 
proves to be true (4.1 kg vrs. 3.8 kg), 
although the difference is statistically 
nonsignificant. The tiny sample size of 
the S4-7 group precludes further explor
ation of this observation. 

Sexual dimorphism in adrenal weight is 
suggested, but not established, by a com
parison of males and females in the 
a+_ s+s+ and tbtb S+S+ classes (both 
p's 0.1» 0.05). In nonpiebald (s+s+) 
males, adrenal weight of nonagouti indi
viduals is lower than that of agouti an
imals (both p's 0.05» 0.02). In nonpie
bald agouti (a+_ s+s+) males, adrenal 
weight of striped tabbies (t+) is lower 
than that of blotched tabbies (tbtb ) but 
the difference is nonsignificant. In 
nonpiebald females, adrenal weight dif
ferences approach significance only when 
the entire nonagouti and agouti classes 
are compared (O.l >p> 0.05). For females, 
data do not exist that would allow for 
the assessment of differences in adrenal 
weight between striped and blotched tabby 
phenotypes within either agouti or 
nonagouti genomes (see Table 5). 

There appears to be an effect of the S 

more, in males, the adrenal weight of 
aa s+s+ individuals is lower than that 
of aa S_ individuals, this difference 
being significant (0.01 >p> 0.001). Con
sidering that the absolute magnitude of 
the difference between the nonagouti 
classes is less than that seen between 
the agouti classes, the nonsignificance 
of the former comparison is no doubt 
heavily influenced by the small sample 
sizes. 

In a series of papers, Keeler (1947, 1970, 
1975) suggests correlations between body 
weight, adrenal weight, behavior and coat 
colour genes in the Norway rat (Rattus 
norvegicus) and the red fox (Vulpes 
vulpes vulva). Rats homozygous for two 
or three coat colour genes show tame 
(i.e. "domesticated") behavior towards 
humans and smaller adrenal weights when 
compared to the wild type (Keeler 1947). 
The three loci involved are hooded, black 
and albino. Only albino has an homolo
gous locus in the cat genome (Searle, 1975). 
It is unclear whether the mutant Keeler 
terms black is an allele at the agouti 
locus or at the dominant black locus (E). 

In the red fox, Keeler (1970, 1975) re
ports correlations between tameness, in
creasing body weight, decreasing adrenal 
weight and .the progressive addition of 
coat colour mutant alleles to the genome. 
Evidence also exists for altered adrenal 
biochemistry in the domesticated colour 
phases of foxes (Belyaev and Trut 1975; 
Keeler 1970, 1975). It should be pointed 
out that Keeler's designations of sig
nificant differences are "soft". His 
body and adrenal weight data have not 
been subjected to the t test and are not 
presented in a form that would allow 
others to do so. His study involved the 
additive effects of mutant alleles at 
four loci: black, blue, chocolate and 
white. In informal communications and 
unpublished manuscripts, cat researchers 
have frequently discussed the participa
tion of the black locus in this situation 
because Keeler refers to the mutant al
lele at this locus as nonagouti. How
ever, serious doubt exists whether this 
locus is homologous to the agouti locus 
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in the cat. Robinson (1975) believes 
Keeler's nonagouti mutant to be an allele 
of the R gene. 

Keeler's correlations are not with a pro
gressive darkening of the pelage. He 
never attempted to establish an index 
of relative darkening via photometric 
readings of reflected light from the pe
lage or through the application of a nu
merical phenotypic measure derived from 
allele frequencies such as the coeffi
cient of darkness (Blumenberg and Todd, 
1978). It is, therefore, unclear whether 
or not the domesticated colour phases of 
the red fox are darker than the wild 
type. Keeler's correlations are with 
the progressive addition to the genome 
of mutant alleles affecting coat colour 
that are rare or nonexistent in wild 
fox populations. If these results were 
applicable to Felis, one should observe 
(1) an increase in body weight and a de
crease in adrenal weight when agouti 
phenotypes are compared to nonagoutii and 
(2) an increase in body weight and a de
crease in adrenal weight as mutant alleles 
affecting coat colour are successively 
added to the genome. The Marion Island 
population is by no means ideal for test
ing Keeler's hypothesis because of the 
small sample sizes of the agouti pheno
types. This is, however, the only data 
that exist in a form appropriate for this 
discussion and thereby provide some pre
liminary observations. 

The predicted distinction between agouti 
and blackish phenotypes can be tested by 
comparing a+_ s+s+ and aa s+s+ classes, 
thereby controlling for the effects of 
the S allele. In males, body weight of 
a+_ s+s+ individuals is higher than body 
weight of aa s+s+ individuals but in fe
males the reverse is seen. Both obser
vations are statistically nonsignificant. 
The predicted decrease in adrenal weight 
when a+_ s+s+ individuals are compared 
to aa s+s+ animals is seen in females, 
but the reverse relationship is observed 
in males. The difference between the 
male phenotypes is statistically sig
nificant. In summary, Keeler's predic
tions for the differences in body and 
adrenal weight that should be discern
ible between agouti and blackish (non
agouti?) phenotypes have not been con
firmed by these data. 

Table 6 demonstrates that the effects 

upon body and adrenal weight of progres
sive additions of mutant colour alleles 
to the Felis genome do not follow the 
pattern reported for the red fox with 
the exception of an increase in body 
weight seen when a third mutant allele 
is added to the genome (males only). 

In spite of the lack of agreement between 
Keeler's results on Vulpus and this analy
sis, it seems quite plausible that coat 
colour mutants in Felis must have pleio
tropic effects upon physiology and be
havior so as to facilitate adjustment to, 
and exploitation of, the urban niche as 
Clark (1975, 1976) and Todd (1978) have 
suggested. Pleitropic effects on morphol
ogy have been demonstrated for a series 
of alleles at the agouti locus in the 
house mouse Mus musculus (Leamy and Sus
taric 1978). The association of high 
frequencies of the mutants nonagouti and 
blotched tabby, which confer darker pheno
types than alternative alleles at their 
loci, with dense urban populations of 
Europe and the New World has been firmly 
established (Blumenberg and Lloyd 1980; 
Clark 1975, 1976; Todd 1977a, 1978; Todd, 
Garrad and Blumenberg 1979). 

As Todd (1963, 1978) implies, one might 
logically speculate that a small dark cat 
with reduced adrenals is best adapted to 
cope with the behavioral stress presented 
by the dense populations of the urban 
environment. Adding to the density de
pendent selective pressures (contrary to 
their conspecifics) that would foster 
and emphasize such a morphology, might 
be the selection of such phenotypes by 
man because of their "tameness"; i.e. 
domesticated behavior. Such thoughts 
lead to a prediction of decreasing body 
and adrenal weight as one proceeds through 
the phenotypic sequence striped tabby 
to blotched tabby to nonagouti; i.e. pro
gressive darkening of the pelage. The male 
data in Table 7 indicate the larger body 
and adrenal weights of t+ individuals 
when compared to aa animals; the larger 
body weight of t+ vrs. tbtb ; and the 
larger adrenal weight-of tbtb when com
pared to aa. Only the body weight dif·· 
ference between striped <t+) and blotched 
(tbtb ) tabby is statistically significant 
(male data). The effect of the S allele 
should be spread equally among all pheno
typic classes and thus be of little in
fluence. There are only three S4-7 in
dividuals and therefore the "lightening" 
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Table 6: 	 Hypothetical trend in body weight (BW) and 
adrenal weight (AW) according to the Keeler 
hypothesis, where body weight would increase 
and adrenal weight would decrease as the 
number of mutant alleles in the genome in
creases. 

Body Weight 	 t+_s+s+ >t+_ S_ >tbtb s+s+ >tbtb S_ 

and and 

aa s+s+ aa S_ 

Number of mutant alleles O or 1 1 or 2 2 3 

n (males) 4 4 53 42 

BW (kg) (males) 3.85 4.28 3.21 3.76 

n (females) 34 17 

BW (kg) (females) 2.89 2.86 

Adrenal Weight t+_ s+s+< t+_ S_< tbtbs+s+< tbtbS 

and and 

aa s+s+ aa S_ 

Number of mutant alleles O or 1 1 or 2 2 3 

n (males) 4 4 53 42 

AW (gr) (males) 0.481 0.383 0.350 0.411 

n (females) 34 17 

AW (gr) (females) 0.378 0.423 

Table 7: The Domestication Hypothesis according to 
which body weight (BW) and adrenal weight 
(AW) decreases with a progressive darken
ing of the pelage. 

Body Weight t+ > tbtb > aa 

n (males) 8 7 88 

BW (kg) (males) 4.06 3.24 3.47 

n (females) 5 46 

BW (kg) (females) 2.72 2.90 

Adrenal Weight 

n (males) 8 7 88 

AW (gr) (males) 0.432 0.437 0.372 

n (females) 5 46 

AW (gr) (females) 0.315 0.402 



effect upon these phenotypes of high 
grades of piebald spotting is of no con
cern. Considering the very small sample 
sizes for the tabby phenotypes, the fit 
of these comparisons to the prediction 
for a domesticated anatomy is gratifying. 
An expansion of this study to one using 
a large urban population that could pro
vide significant numbers of tabby ani
mals would be of great interest. In 
terms of the agouti, tabby and piebald 
spotting loci, these results suggest that 
the phenotype best adapted to the urban 
environment would be nonagouti-blotched 
tabby-nonpiebald (aa tbtbs+s+). This 
phenotype is found in large numbers in 
the dense urban populations of Europe 
and New World cities (Blumenberg and 
Lloyd, In press; Clark 1975, 1976). Unfor
tunately, this pheonotype is not represent
ed in the Marion Island data, and the 
prediction of lower body and adrenal 
weight in contrast to other phenotypes 
carrying alternative alleles at these 
loci cannot be tested. Garten (1976) 
reports a correlation between aggressive 
behavior and heterozygosity (at the bio
chemical level) in oldfield mice Perom
yscus polionotus. It would be interest
ing to rank aggressiveness in F. catus 
for individuals heterozygous and homo
zygous for mutant alleles at the agouti 
and tabby loci. 

Approximately 24 generations have passed 
during which selective pressures charac
teristic of the domesticated habitat were 
abruptly removed and replaced by those 
exerted by a volcanic tundra biome. None
theless, the Marion Island cat popula
tion still shows genotypic correlates of 
body and adrenal weight that may reflect 
the urban history of the founder popula
tion lineage. 
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ADDENDUM 

To end of first paragraph under Methods: 
Such specimens were obtained as part of 
an overall program of ecologica1/ physio
logical/ behavioral studies designed to 
assess the impact of the cat popUlation 
on the local avifauna and to suggest the 
best approach for preserving native bird 
species. 
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