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ABSTRACT

Electrophoretic analysis of presumptive twenty gene loci products was conducted in hemolisates and
plasma samples of twenty-eight maned wolves (Chrysocyon brachyurus) from an areain northeastern
Sdo Paulo State, Brazil. The area sampled was divided into three sub-areas, with the Mogi-Guagu and
Pardo rivers regarded as barriers to the gene flow. The polymorphism degree and heterozygosity level
(intralocus and average) estimated in this study were similar to those detected by other authors for
maned wolves and other species of wild free-living canids. The samples of each sub-area and the total
sample exhibited genotype frequencies consistent with the genetic equilibrium model. The values of
the F-statistics evidenced absence of inbreeding and population subdivision and, consequently, low
genetic distances were found among the samples of each area.
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RESUMO

Estrutura genética populacional de lobos-guaras (Chrysocyon brachyurus) de vida livre
determinada por marcadores protéicos

Os produtos protéicos de 20 locos génicos foram analisados el etrof oreticamente em hemolisados e
plasma de 28 lobos-guaras (Chrysocyon brachyurus) de uma érea da regido Nordeste do Estado de
Sédo Paulo, Brasil. A érea de estudo foi dividida em 3 subareas, considerando os rios Mogi-Guagu e
Pardo como barreiras ao fluxo génico. O grau de polimorfismo e o nivel de heterozigosidade (intraloco
e média) estimados neste estudo foram semel hantes aos observados por outros autores para |obos-
guarés e outras espécies de canideos de vidalivre. As diferentes amostras e a amostra total demonstraram
freqliéncias genotipicas nos locos polimorficos consistentes com 0 modelo de equilibrio genético. Os
valores da estatistica-F evidenciaram auséncia de endocruzamento e de estruturacdo populacional e,
como consequéncia, foram encontrados baixos valores de distancia genética entre as amostras
correspondentes a cada subérea.

Palavras-chave: |0bo-guard, Chrysocyon brachyurus, conservagdo, genética de popul agbes, marcadores
genéticos.
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INTRODUCTION

The maned wolf (Chrysocyon brachyurus) is
a characteristic canid of cerrado bioma and its
occurrence area includes Central Brazil, Paraguay,
and small areas of Argentina, Bolivia, and Peru
(Dietz, 1984). Due to its position at the top of the
aimentary chain, the maned wolf presents ecological
functions indispensable to ecosystem stahility, e.g.,
seed dispersion. Although the conservation of this
species is fundamental, mainly to the equilibrium
of cerrado bioma, this species has been included
since 1970 in the officia list of animalsin extinction
(Coimbra-Filho, 1972).

Key to understanding thisthreat is knowing that
the principal economic activity in northeastern Séo
Paulo State is agriculture, together with processing
industries based on sugarcane, citrus, and eucalyptus
cultivation. Other land uses include pasturing, and
cultivating coffee, corn, soy, and peanuts. A landscape
description of the municipdity of Luiz Anténio made
by Pires et al. (1995) can be considered virtually
prototypical of the whole area. In this region, the
custom of burning sugarcane before harvest causes
many animal deaths and provokes fires in native
vegetation areas (Pires et al., 2000). Desths of maned
wolves through burning, use of firearms, or being
run over, have been registered. Moreiraet al. (1998)
consdered deleterious human influence in the habitat
of maned wolves to be more intense in the southeast
than in the midwestern Brazilian states. This may be
happening because of the greeter fragmentation degree
and habitat reduction caused by intense agricultural
exploitation and the urbanization of southeastern
Brazil.

For species in extinction, estimations of in-
breeding levels and populationa structure can supply
important data in planning conservation handling of
these species. As aresult of these studies, alarger
frequency of matings between related animals has
come to be expected in populations with small num-
bers of individuals located in areas that hinder gene
flow among populations. Such inbreeding can lead
to an increase in the occurrence of deleterious charac-
terigticsin apopulation, e.g., decrease in fertility and
immunologicd resistancein individuas (Woodroffe
& Ginsberg, 1998). Genetic studies of populational
structure can contribute to the evaluation of geo-
graphical accidents and human activity impacts that
may be affecting migration patterns and reproduction
of given species. Thus, electrophoretic analysis of
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proteic markers has been a useful tool in studyng
the populationd genetics of maned wolves and other
wild canids (Ferrdl et al., 1980; Kennedy et al., 1991,
Moreiraet al., 1998). The present work was intended
to verify theinbreeding level and populationa struc-
ture in free-living maned wolves in northeastern Séo
Paulo State, Brazil, by evaluating the extent to which
the Mogi-Guagu and Pardo rivers may be blocking
the gene flow of the species.

MATERIAL AND METHODS

This study was carried in a 19,224 km? area
in northeastern S&o Paulo State (Fig. 1). Considering
the Mogi-Guagu and Pardo rivers as limiting factors
of the gene flow, 3 sub-areas were proposed: sub-
area 1, between the Mogi-Guagu and Pardo rivers;
sub-area 2, south of the Mogi-Guagu River; and sub-
area 3, north of the Pardo River. All occurrences
cited in thiswork were georeferenced by the Global
Positioning System and plotted on adigita thematic
map by Maplnfo Program version 4.1 (Table 1). In
this area twenty-eight maned wolves were caught
and identified by tattoo; there were 7 animasin area
1,13inarea2, and 8 in area 3. Blood samples were
collected from captured animals, which were then
freed after recovery from the anesthetic. The samples
were collected in heparinized tubes and maintained
under refrigeration, within a temperature range of
2-8°C, during transport to the laboratory.

In the laboratory, the samples were centrifuged
to obtain plasma. The precipitate (erythrocytes) was
washed three-fold in sodium chloride solution & 0.9%
before freezing (at —20°C). The samples were then
submitted to electrophoresis and specific staining
(Harris & Hopkinson, 1978) for analysis of the
following proteic systems: phosphohexose isomerase
(Gpi), peptidase B (Pep-B), lactate dehydrogenase
(Ldh), phosphogluconate dehydrogenase (Pgd),
hemoglobin (Hb), haptoglobin (Hp), malate dehy-
drogenase (Mdh), superoxide dismutase (Sod), abu-
min, genera proteins (Gp-1, Gp-2, Gp-3, and Gp-4),
acid phosphatase (4c¢p), carbonic anidrase 11 (CA 1),
and glioxalase (Glo). The gels, buffers, and
electrophoretic run conditions used are described in
Table 1.

For polymorphic loci, occurrence of Hardy-
Weinberg equilibrium was investigated for the three
sub-area samples aswell asthetotd sample. Wright's
analysis (1965) of the standardized variance of dlele
frequencies was done to verify population sub-
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division and inbreeding. Estimates of the genetic
distances were carried out through Nei’s method
(1978) corrected for small samples. These estimates
were obtained with Biosys-1 software (Swofford
& Selander, 1981).

RESULTS

Among the proteic markers representing twenty
presumptive gene loci studied, only the Gpi, Pep-
B, Glo, and Gp-4 loci exhibited enzyme variation.
Allelefrequenciesin theseloci in each sub-areaand
in the total area samples are shown in Table 2. The
polymorphism degreein al individuals sampled was
20% and avdue close to 1.2 was found for the mean
allele number per locus. Intral ocus heterozygosity
values such as 0.25, 0.42, 0.21, and 0.25 were
observed for the Gpi, Pep-B, Gp-4, and Glo loci,
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respectively, and the average heterozygosity was
estimated as 0.057.

The Hardy-Weinberg equilibrium tests showed
no significant values, indicating that the sampleswere
in genetic equilibrium for the analyzed loci (Table
2). Wright's F-statistics analysis (1965) evidenced
a nonsignificant interpopulational differentiation
coefficient (F,) (Table 3), indicating the absence of
barriers to gene flow among samples of the three sub-
aress, and anonsignificant inbreeding coefficient (F)
(Table 3), which signds no significant heterozygosity
reduction as a conseguence of matings between related
animas. According to these results, we postulate that
the Mogi-Guagu and Pardo rivers did not constitute
a barrier to gene flow of the species. As expected
for anon-structured population, low genetic distance
vaueslike 0.007, 0.079, and 0.054 between sub-aress
land 2, 1and 3, and 2 and 3, respectively, were found.

TABLE 1
Electrophoretic conditions used for the analysis of twenty gene products in maned wolf samples. TC, TB, EBT, and
TEMM mean tris-citrate, tris-borate, tris-borate-EDTA, and tris-EDTA- maleic anhydride-magnesium chloride,
respectively. The gel types used were: A, corn starch at 14%; B, potato starch at 2% and agarose at 0.8%; and C,
polyacrylamide at 10%.

Loci A\ A Time | Electrode buffer Gel buffer Gel type
Acp, Mdh 220 50 5h TC8.0 TC8.0 A
Pep-B, CAII, Hp 160 | 30 5h Borate 8.3 TC8.0 A
Pgi, Sod, Est-D, Pgd, Ldh 150 50 5h TC6.6 Histidine 6.0 A
Hb 400 | Free| 45min EBT 8.9 EBT 8.9 A
Glo 80 40 4h TEMM 7.4 TEMM 7.4 B
Alb, Gp 1-4 2500 | 70 2h TB 8.0 TC8.7 Cc
TABLE 2

Allele frequencies and X2 values for Hardy-Weinberg equilibrium in three samples of maned wolves (Chrysocyon
brachyurus) from an area in northeastern Siao Paulo State.

Loci Alleles Allele frequencies .
Area 1 Area 2 Area 3 Total area

Pgi s 0.857 0.770 0.562 0.732 3.681 (1 FD)
F 0.230 0.230 0.438 0.268 NS

Pep-B s 0.917 0.875 0.562 0.788 1.871 (1 FD)
F 0.083 0.125 0.438 0.212 NS

Gp-4 S 0.786 0.923 0.812 0.857 0.437 (1 FD)
F 0.214 0.077 0.188 0.142 NS

Glo F 0.857 0.846 0.937 0.875 0.571 (1 FD)
S 0.143 0.154 0.063 0.125 NS
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Fig. 1 — Thematic map of space distribution in places of capture of maned wolves (Chrysocyon brachyurus), in northeastern
S&o Paulo State.

TABLE 3
F-Statistic coefficients (F g, Fg, and F;) and their significance considering as a single population the three maned
wolf (Chrysocyon brachyurus) samples collected in a northeastern area of Sdo Paulo State.

Loci Fsr c? Fis c? FD Fir
Pgi 0.077 4.312 0.342 3.275 2 0.393
Pep-B 0.148 7.696 —0.495 6.371 2 -0.274
Gp-4 0.026 1.456 0.143 0.573 2 0.165
Glo 0.016 0.896 -0.154 0.664 2 -0.136
Mean 0.075 14.360 -0.011 10.883 8 0.064
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DISCUSSION

The polymorphism degree verified for the
collected samplesin the whole area (20%) was Si-
milar to that described by other authors for the maned
wolves and for other phylogeneticaly related canids.
Moreira et al. (1998) detected in samples of maned
wolves a polymorphism degree of 21.4% in alow
anthropic pressure area (Brasilia and Goiania) and
14.3% in a high anthropic pressure area (S&o Pau-
lo and Minas Gerais). The parameter used to evauate
anthropic pressure was based on human populational
density. Even so, this anthropic pressure estimator
must be regarded with caution, since areas with low
populational density can present high fragmentation
and habitat reduction, mainly because of agricultural
activity. Other genetic variability measures by protein
markers have been reported by Kennedy et al. (1991)
and Waine et al. (1991) in gray wolves (Canis lupus).
Kennedy er al. (1991) detected 13.5% of polymorphic
loci inwild gray wolves, a smaller value than that
verified in the present work. Waine et al. (1991), in
analyzing the genetic variability of wild gray wolves
in acontinental area of North America, estimated at
20% the polymorphic loci degree. These authors
compared their data with those for an isolated wild
gray wolf population of aninsular area (Ide Royae)
and verified amuch lower polymorphism level (8%)
than that of the continental population.

The average heterozygosity value in the present
work (5.7%) was similar to values estimated by
Moreiraet al. (1998) (1.4% to 8.3%) for maned wolf
populations studied.

The nonsignificant interpopulational diffe-
rentiation coefficients (F,) verified in thiswork (see
Table 3) indicate absence of barriers to gene flow
among the samples of the three sub-areas. These
results suggest that the wolves not only have been
crossing the rivers but may be continuing to do so.
The Hardy-Weinberg equilibrium inthe total sampling
(Table 2) reinforces this conclusion. As expected for
a non-subdivided population, the genetic distance
values among the samples of the three areas were
low (from 0.054 to 0.079).

Stockwell et al. (1996) discusses the validity
of animal trandocations to increase aldlic diversity.
This strategy has been proposed as a conservation
measure in genetically depauperated populations.
However, the estimated parameters shown in the
present work indicated no heterozygosity reduction

in the analyzed samples. Absence of genetic
variation reduction and no inbreeding occurrence
indicate that trand ocations are not necessary in the
studied area. These findings acquire greater
relevance if we consider the possibly deleterious
effects to a gpecies of trandocation, e.g., introduction
of infectious diseases into a given population
(Cunningham, 1996; McCallum & Dobson, 1995)
and incapacity of the animalsto adapt to the places
into which they were introduced (Campbell, 1980).
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