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ABSTRACT

Sexual dimorphism, defined as phenotypic differences between males and females, is a common
phenomenon in animals. In this line, Rensch’s rule states that sexual size dimorphism increases
with increasing body size when the male is the larger sex and decreases with increasing average
body size when the female is the larger sex. Domesticated animals offer excellent opportunities for
testing predictions of functional explanations of Rensch’s theory. Pigeon breeds encounters many
different functional purposes and selective constraints, which could influence strongly their
morphology. The aim of this paper is to examine, for first time, Rensch’s rule among domestic
pigeons. It was compiled a database of 12 quantitative traits (body weight, body height, beak
thickness, beak length, neck length, neck thickness, wing length, rump width, tail length, tarsus
length, tarsus thickness and middle toe length) for males and females of 11 different domestic
pigeon breeds: Bangladesh Indigenous, Racing Homer, Turkish Tumbler, Indian Lotan, Kokah,
Mookee, Indian Fantail, Bokhara Trumpeter, Bombai, Lahore and Hungarian Giant House; Rock
Pigeon (Columba livia) was also considered as wild relative for comparative purposes. Comparative
results between males and females showed that only body weight, wing length and neck thickness
were consistent with Rensch’s rule. The rest of trait did not present correlations. Among domestic
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pigeons, there can appear different expressions of dimorphism according to each trait, so it must be
considered that Rensch’s rule vary when considering other traits than body weight.

Keywords: Columba livia; dove, monogamous; Rensch’s rule; rock pigeon.

1. INTRODUCTION

Sexual size dimorphism (SSD), defined as a
phenotypic difference between males and
females of a species, is a common phenomenon
in animals [1] [2]. SSD is widespread and
assumes two forms: male-biased SSD, when
males are the larger sex, and female-biased
SSD, when females are bigger [3]. SSD occurs in
most endothermic vertebrates [3]. Rensch’s rule
states that SSD increases with increasing body
size when the male is the larger sex and
decreases with increasing average body size
when the female is the larger sex [4,5,3] although
this rule is far from perfect [6].

Domestic species possess an extraordinary
ability to radiate into numerous morphologically
and behaviourally distinct breeds within a few
generations. Over thousands of vyears of
domestication, pigeons (family Columbidae,
which includes also doves and colombes) have
been considerably differentiated by natural and
artificial selections and the tendency has been to
obtain domestic breeds which in some cases
differ enormously from the wild ancestor, the
Rock Pigeon (Columba livia, J.F. Gmelin, 1789)
[2]. Nowadays, there are hundreds of
morphologically differentiated pigeon breeds
which differ in size, colouring, etc. For instance,
differences in weight are very apparent, ranging
from 155 to 170 g for Figureta Valenciana to over
1.4 kilogram for the American Giant Runt [2], [7].
Rock doves range from 238 to 380 g [8].

The aim of this paper is to test Rensch’s rule
among domestic breeds of pigeon, as practically
no studies have explored till now sexual
dimorphism in domestic pigeons [9]. The
expectation is that if natural sexual selection has
a primary role in generating Rensch’s rule, SSD
allometry consistent with Rensch’s rule will be
present in pigeon breeds. This expectation is
based on the idea that artificial selection likely
will mimic sexual selection for pigeons, the
potential driver of Rensch’'s rule in wild
populations, because humans can use non-
natural directional selection to obtain the desired
traits such as increased meat production,
“beauty” displays or flight performances [2].

2. MATERIALS AND METHODS

We compiled a database of male and female
quantitative traits for 11 local and exotic pigeon
breeds in Bangladesh: Indigenous, Racing
Homer, Turkish Tumbler, Indian Lotan, Kokah,
Mookee, Indian Fantail, Bokhara Trumpeter,
Bombai, Lahore and Hungarian Giant House,
and Rock Pigeon (Columba livia) as wild relative.
Second author collated data following standard
methods [8]. A total of 12 variables were
obtained for each breed: body weight, body
height, beak thickness, beak length, neck length,
neck thickness, wing length, rump width, tail
length, tarsus length, tarsus thickness and
middle toe length. In table 1 there appear values
for body weight and body length for each breed,
and in Table 2 for the rest of values.

Table 1. Values (body weight and body length) for each sex in the studied pigeons

Body Body Body Body

weight (g) length (cm) weight (g) length (cm)

Male Male Female Female
Rock pigeon 310 19.0 320 22.8
Bokhara Trumpeter 430 22.4 400 22.4
Bombai 430 21.3 350 18.2
Hungarian Giant House 690 26.4 680 26.4
Indian Fantail 430 23.0 420 215
Indian Lotan 420 24.3 300 204
Indigenous 450 244 350 22.5
Kokah 330 13.3 310 15.0
Lahore 540 24.5 410 21.8
Mookee 340 19.2 300 234
Racing Homer 550 21.0 600 23.0
Turkish Tumbler 280 17.7 310 15.5
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Table 2. Values for each trait in the studied pigeons

Bk Bk Ne Ne Wi Ru Ta Tr Tr Mi

Th Le Th Le Le Wi Le Le Th Le
Rock Pigeon & 124 21 49 430 223 51 11.1 23 064 3.6
Q 130 20 38 323 218 46 100 23 055 3.2
Indigenous & 120 20 46 406 230 60 115 3.2 062 4.0
Q 1.00 20 40 335 205 44 95 20 064 3.0
Racing Homer & 165 24 50 414 244 55 105 26 074 26
Q 1.31 20 40 403 225 50 8.0 25 081 3.6
Turkish Tumbler & 080 20 42 383 230 50 100 22 050 28
Q 055 20 42 403 220 42 100 21 051 31
Indian Lotan & 115 21 50 423 242 50 102 22 066 36
Q 114 20 35 335 233 46 102 24 052 34
Kokah & 093 21 32 380 212 43 8.7 25 051 3.2
Q 0.95 1.9 48 3.91 210 50 99 28 065 3.3
Mookee & 1.01 18 39 446 226 44 116 24 064 35
Q 1.10 1.7 44 330 234 50 110 24 061 29
Indian Fantail & 1.10 16 64 4.41 265 69 145 25 084 32
Q 1.24 1.7 64 421 250 65 135 26 082 37
Bokhara Trumpeter & 1.06 2.1 53 4.86 29.2 58 129 39 1.04 39
Q 110 21 47 380 287 56 123 29 084 37
Bombai & 1.00 1.8 6.0 3.82 240 47 100 22 075 3.2
Q 1.10 1.7 66 334 224 55 110 22 061 36
Lahore & 124 24 53 460 277 65 122 27 102 37
Q 1.04 20 50 4.82 259 52 124 3.0 080 35
Hungarian Giant House & 144 23 6.7 527 355 7.1 174 28 090 3.8
Q 1.30 2. 46 555 326 64 164 27 124 38

Measurements in cm. Considered traits were beak thickness (BkTh) beak length (BkLe) neck thickness (NeTh)
neck length (NeLe, wing length (WiLe) rump width (RuWi) tail length (TalLe) tarsus length (TrLe) tarsus thickness
(TrTh) and middle toe length (MiLe)

Size allometries were obtained plotting the log-
transformed values of male versus female values
for each breed as such plots provide a measure
of allometry [10]. If Rensch’s rule is
accomplished, the slope of regression of log10
(female) on log10 (male) will be significantly
different from 1 [11], [3]. This was test with an
ANCOVA test. All analysis were performed with
PAST v. 2.17c software [12]. The level for
statistical significance was set at 5%.

3. RESULTS

In some breeds (Racing Homer and Turkish
Tumbler) and Rock Pigeon, males are smaller
than females (Tables 1 and 2). The slopes of
regressions of logqo (female) on logy, (male) were
significantly different from 1 for body weight
(p=0.0342) neck thickness (p=0.0164) and wing
length (p=0.000483) with hypoallometries for all
these three. For these characters, among large
breeds, males are smaller than females and they
increase with male size, whereas in small
breeds, females tend to be equally larger than
males and dimorphism decreases with an

increase of the trait. For the rest of traits, slopes
were significantly not different from 1, pigeons
exhibiting isometry.

4. DISCUSSION

Rensch’s rule describes the pattern of sexual
size dimorphism (SSD) and claims that larger
species generally exhibit higher male to female
body size ratios [13]. In recent years, this rule
has attracted considerable research, and
conforming patterns have been reported by
interspecific comparisons for various domestic
animals, especially or exclusively in taxa
exhibiting larger males [5]. But this rule is by no
means universal and is particularly lacking in
some domestic species. Rensch’s rule has been
documented in cattle [1], sheep [14], domestic
cats and dogs (but not their wild relatives) [15],
but not in swine [16] and chickens [17]. The
direction of these differences, that is whether
males or females are larger, varies from one
species to other [16] and to date, the
mechanisms producing it remain unclear [17],
being the sexual selection hypothesis a mere
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general explanation for SSD allometry [5]. Of
several evolutionary hypotheses proposed to
explain the origin and maintenance of SSD, the
most widely accepted is based upon the theory
of sexual selection [18].

Two reasons are proposed for the maintenance
of allometry in domestic pigeons for certain size
traits (body weight, wing length and neck
thickness). First, male-male competition in
captivity are not reduced because males are
normally housed together. Strong sexual
selection for large males leads to, under natural
conditions, a large male body size, with a weaker
selection for female body mass, which results in
SSD allometry consistent with Rensch’s rule.
Selection for strong, heavy males are thus be
conserved, at least indirectly. Second, in the wild,
males and females are exposed to natural and
sexual selections of different strengths, resulting
in different net selection acting on males and
females for the same traits which may be either
sex-specific (different strengths but the same
direction) or sexually antagonistic (different
direction).  Similarly, humans have used
directional selection for pigeons to achieve the
desired characteristics in the targeted sex. In
domestic pigeon, males and females can differ
substantially in the direction and magnitude of
trait selection (for instance bigger in males
among pouters) where selection is to improve
certain traits, according to each breed, where the
key factor can be sexual selection related to
body size. Finally, it can be supposed that other
aspects of selection could also have changed
with  domestication  (resource  competition,
predators).

We should keep in mind that artificial selection
and formation of breeds in domesticated animals
is a different process involving for instance
different phenetic changes other that size
changes, with intended selection or not. In fact,
“pigeons have been changed through its colour
and structure. It has gained a lot of peculiar
characteristics (e.g. tumbling/rolling, tremule,
muff, tallness, erect tail, care etc)” [19]. The
sexual selection hypothesis that suggests that
Rensch’s rule is driven by a correlated
evolutionary change in female body size to
directional sexual selection on increased body
size in males [5] had not been followed during
the artificial process of pigeon breeds formation.
Sexual dimorphism in pigeon breeds is more the
result of the breeder actively suppressing or
enhancing a ftrait, functional or not: showiness
(Hungarian Giant House, Mookee) rolling (Indian
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Lotan, Turkish Tumbler) the speed (Racing
Homer), meat production, etc., so the strength of
sexual selection among domestic pigeons is
variable according to traits.

Future studies should address specific
explanations for allometries for each different
trait.

5. CONCLUSION

Rensch's rule states that in groups of related
species, sexual size dimorphism is more
pronounced in larger species. This widespread
and fundamental allometric relationship appears
differently expressed in pigeon breeds, according
to each ftrait.
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