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Abstract

The Brazilian dwarf brocket deer (Mazama nana) is the smallest deer species in Brazil and is considered threatened
due to the reduction and alteration of its habitat, the Atlantic Rainforest. Moreover, previous work suggested the pres-
ence of intraspecific chromosome polymorphisms which may contribute to further population instability because of
the reduced fertility arising from the deleterious effects of chromosome rearrangements during meiosis. We used G-
and C-banding, and nucleolus organizer regions localization by silver-nitrate staining (Ag-NOR) to investigate the
causes of this variation. Mazama nana exhibited eight different karyotypes (2n = 36 through 39 and FN = 58) result-
ing from centric fusions and from inter and intraindividual variation in the number of B chromosomes (one to six).
Most of the animals were heterozygous for a single fusion, suggesting one or several of the following: a) genetic in-
stability in a species that has not reached its optimal karyotypic evolutionary state yet; b) negative selective pressure
acting on accumulated rearrangements; and c) probable positive selection pressure for heterozygous individuals
which maintains the polymorphism in the population (in contrast with the negative selection for many rearrangements
within a single individual).
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Introduction

The genus Mazama (Artiodactyla, Cervidae) is com-

posed of eight species: M. rufina, M. pandora, M. chunyi,

M. americana, M. gouazoubira, M. nana, M. nemorivaga

and M. bororo (Wemmer, 1998; Duarte, 2007). It is distrib-

uted from Mexico to central Argentina and is classified as a

“small solitary forest deer” because of its ecological and

behavioral characteristics (Barrette, 1987; Eisenberg &

Redford, 1999). In Brazil, five species are recognized based

on morphology and cytogenetics: M. gouazoubira, M.

nemorivaga, M. americana, M. nana and M. bororo (Duar-

te & Merino, 1997; Duarte & Jorge, 2003; Duarte, 2007).

The Brazilian dwarf brocket (Mazama nana) is the

smallest deer species in Brazil, reaching a weight of 15 kg

and a height of 45 cm. This species has small, slightly

pointed and almost hairless ears and displays little grada-

tion in its reddish coloration, other than a few white hairs on

the tail. Its anterior limbs are shorter and darker than the

posterior ones (Duarte, 1996; Mikich & Bérnils, 2004).

Mazama nana is found from northern Paraná State to cen-

tral Rio Grande do Sul State, encompassing parts of Para-

guay and Argentina. These areas are presently undergoing

significant fragmentation and anthropic alteration (Duarte,

1996). The Brazilian dwarf brocket deer was identified as

vulnerable in the official list of Brazilian threatened species

in 2003 following the recommendation of the Deer Special-

ist Group and was classified as DD (deficient data) in “The

2006 IUCN Red List” (IUCN, 2006; IBAMA, 2007).

The M. nana karyotype was initially described from

analyses of three animals from the Paraná River basin in the

Foz do Iguaçu region. These individuals possessed 2n = 36

and FN = 58 with four or five B chromosomes. Chromo-

somes 1, 2, 6, 7, 8, 9 and 10 were metacentric; chromo-

somes 3, 4 and 5 were submetacentric; chromosomes 11

through 17 were acrocentric; the X chromosome was a

midium-sized metacentric and the Y was probably a small-

sized metacentric. A karyotype with 2n = 39+5B and

FN = 58, heterozygous for a centric fusion involving pair 5

and lacking the metacentric pair 10 was also described
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(Duarte JMB, Aspectos taxonômicos e citogenéticos de

algumas espécies de cervídeos brasileiros. Master’s thesis.

Faculdade de Ciências Agrárias e Veterinárias/Universi-

dade Estadual Paulista, 1992). More recently, chromosome

polymorphisms were described in animals from different

localities of Brazil (Paraná, Santa Catarina and Rio Grande

do Sul States) and Paraguay in which the diploid number

varied from 36 to 40, the FN ranged from 56 to 60 and there

were up seven B chromosomes (Duarte JMB, Análise cito-

genética e taxonômica do gênero Mazama (Cervidae;

Artiodactyla) no Brasil. PhD thesis, Instituto de Biociên-

cias, Universidade Estadual Paulista, 1998). As no banding

patterns were obtained, the cause of this variation was not

clearly ascertained and it was suggested to result from chro-

mosome fusions/fissions.

The aim of the present study was to use G- and

C-banding and Ag-NOR to identify individual chromo-

somes and the rearrangements involved in the polymor-

phisms described in Mazama nana.

Material and Methods

After physical and chemical restraint of the animals,

blood and skin samples were collected from 24 captive

Mazama nana (13 males and 11 females) and used to obtain

chromosome preparations after lymphocyte and fibroblasts

cultures (Verma & Babu, 1995). G- and C-banding and

Ag-NOR were obtained according to Seabright (1971),

Sumner (1972) and Howell & Black (1980), respectively.

The chromosomes were classified as metacentric,

submetacentric or acrocentric according to their arms ratio

and were organized into groups according to their relative

lengths (RL): A (biarmed chromosomes with RL > 2.5%),

C (biarmed chromosomes with RL > 2.5%), D (acrocentric

chromosomes with RL < 3.0%), E (acrocentric chromo-

somes with RL > 3.0%) and B (microchromosomes or

extranumerary chromosomes with RL > 1.0%). B chromo-

somes were not considered to calculate the diploid and fun-

damental numbers because there was intraindividual

variation.

Results and Discussion

The diploid number varied from 2n = 36 to 39 with

FN = 58 and seven distinct karyotypes were found due to

several rearrangements (V01 to V07; Table 1). The X chro-

mosome was a medium-sized metacentric and the Y was

possibly a small-sized metacentric.

The most frequent karyotype (V01) showed 2n = 36

and one to six B chromosomes and FN = 58, with six, four

and seven chromosome pairs in groups A, C and E, respec-

tively (Figure 1). This karyotype was composed of six

metacentric (pairs 1, 3, 6, 7, 8 and 10), four submetacentric

(pairs 2, 4, 5 and 9) and seven acrocentric (pairs 11 to 17)

autosome pairs. This karyotype is the same presented by

Duarte (PhD thesis, 1992) and the differences between both
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classifications are due to chromosome ordering. All chro-

mosome pairs, except pairs 2 and 10, presented pericentro-

meric constitutive heterochromatin after C-banding. Pairs 2

and 10 showed a faint positive C-band in the centromere.

Interstitial hetrochromatin was detected in both chromo-

some arms of pairs 1 and 4 and on the long arm of pairs 2, 3

and 5 (Figure 1b). The Ag-NORs were terminally located

on the short arms of pair 2 and on the long arms of pair 6

(Figure 1c). G-banding allowed the identification of all

chromosomes (Figure 1d).

V01 (2n = 36 + 1 to 6 B; FN = 58) was chosen as the

standard karyotype for the species based on its higher fre-

quency among the animals analyzed (8 out of 24) and on the

literature of cervid ancestral karyotypes. The current hy-

pothesis is that chromosome evolution in Cervidae primar-

ily occurred through centric and tandem fusions. This is the

case of Muntiacus, in which the divergence from the ances-

tral karyotype has been shown to be due to different combi-

nations of several centric and tandem fusions (Neitzel,

1987; Fontana & Rubini, 1990; Lin et al. 1991; Lee et al.

1993; Yang et al. 1995; Yang et al. 1997).

V02 and V03 shared the same diploid and fundamen-

tal numbers (2n = 37; FN = 58), but while V02 was hetero-

zygous for a centric fusion in pair 3, V03 was heterozygous

for a centric fusion in pair 7 (Figure 2a). The number of B

chromosomes varied from two to four in V02 and from one

to six in V03.

V04 (2n = 38 + 2 to 5 B; FN = 58) was the only

karyotypic variant with two heterozygous rearrangements

involving pairs 8 and 9. V05 also presented 2n = 38 and

FN = 58, but had an acrocentric pair 7 (Figures 2c, 2d) and

one to six B chromosomes.

V06 and V07 shared the same diploid and fundamen-

tal numbers (2n = 39; FN = 58) and the absence of the

metacentric pair 7, represented by identifiable acrocentric

chromosomes. These two karyotypes differed in the chro-

mosome pairs involved in heterozygous centric fusions,

pair 1 in V06 and pair 3 in V07 (Figure 2d). The number of

B chromosomes varied from two to three in V06 and from

two to five in V07.

The hypothetical ancestral karyotype of Cervidae is

exclusively composed of acrocentric chromosomes and the

karyotypic evolution in cervids is believed to have primar-

ily resulted from chromosome fusions with reduction of the

diploid number (Neitzel, 1987, Duarte & Merino, 1997).

The existence of heterozygous karyotypic variants in the

Brazilian dwarf brocket deer may be an indication of a re-

cent karyological evolution.

In addition to chromosome polymorphisms in the

normal complement, there were inter- and intraindividual

variations in the number of B chromosomes, which ranged

from one to six and were classified as acrocentric with

RL > 1.5% (Table 1). Some B chromosomes were euchro-

matic, others were completely heterochromatic and some

showed positive C-banding in the pericentromeric region.
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Figure 1 - Karyotype V01 of Mazama nana (2n = 36; FN = 58) after (a) conventional Giemsa staining, (b) C-banding, (c) Ag-NOR staining and (d)

G-banding.



Moreover, there were B chromosomes that showed positive

G-banding in the telomere region. B chromosomes have a

heterogeneous behavior and there are many theories to ex-

plain their constitution. According to Palestis et al. (2004),

heterochromatic B chromosomes could originate from

Robertsonian fusions involving biarmed chromosomes

which lose centromeric fragments that occasionally behave

like B chromosomes or from the amplification of the para-

centromeric region of a fragmented A chromosome. Never-

theless, the B chromosomes of Apodemus flavicollis are

euchromatic and the application of differential staining

showed homology in the distribution of G- and C-bands be-

tween the A and B chromosomes, suggesting that they di-

rectly derived from the A set (Tanic et al., 2005).

Intraspecific karyotypic variation appears to be com-

mon among Cervidae (Herzog & Harrington, 1991; Duarte

& Jorge, 1996). Given that the intraspecific variation is pri-

marily generated by Robertsonian translocations, Herzog

and Harrington (1991) proposed two hypotheses to explain

the origin and maintenance of populational polymor-

phisms: a) translocations are continuously generated by se-

lectively neutral recent mutations and fixed due to the high

endogamy level between social groups or b) polymorphism

is generated by hybridization events between different taxa,

which would result in Robertsonian polymorphisms in the

hybrid populations. The first hypothesis seems more ade-

quate to explain the results observed in the Brazilian dwarf

brocket since no evidence of hybridization was observed.

This hypothesis is strengthened by the higher chromosome

fragility found in cervids of the Mazama genus (Vargas-

Munar DSF, Relação entre fragilidade cromossômica e

trocas entre cromátides irmãs com a variabilidade cario-

típica de cervídeos brasileiros, Master’s thesis. Faculdade

de Ciências Agrárias e Veterinárias/UNESP, 2003).

Although six chromosome pairs appear to be in-

volved in rearrangements, the majority of individuals ana-

lyzed were heterozygous for a single centric fusion and

only one possessed two heterozygous pairs for this type of

rearrangement. Since centric fusions may produce three

possible chromosome arrangements (not fused, heterozy-

gous or fused), there are theoretically 729 different combi-

nations, from which only eight were observed. This may be

a consequence of negative selection for the accumulation of

rearrangements within individuals due to lower fertility in

carriers of several heterozygous rearrangements which

would present problems during meiotic pairing and germ

cell death (Wallace et al., 2002). Conversely, it is probable

that there is some adaptive advantage for fusions carriers

since these remain in the population until they are fixed in

the homozygous form, as occurs in V01 (the standard

karyotype). The adaptive advantage generated by rear-

rangements could supersede the consequences of ineffi-

cient meiotic pairing. Nevertheless, it is evident that the

species is undergoing intense chromosome evolution that

56 Abril and Duarte

Figure 2 - G-banded karyotypes of Mazama nana: (a) V03, pair 7 is heterozygous for a centric fusion (2n = 37+4B; FN = 58); (b) V04, pairs 8 and 9 are

heterozygous for centric fusions (2n = 38+3B; FN = 58); (c) V05, pair 7 is acrocentric (2n = 38+2B; FN = 58); (d) V07, pair 3 is heterozygous for a centric

fusion and pair 7 is acrocentric (2n = 39+4B; FN = 58).



can lead to adaptive deficiencies which, combined with

pressures from habitat (Mixed Ombrophylous Forest) alter-

ation, may lead to an unprecedented population decline.

Despite our detailed description of the chromosome

variation in Mazama nana, a wider population sampling is

necessary to understand the influence of chromosome

polymorphisms in the dynamics of the remaining popula-

tions of this threatened species.
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