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RESUMEN

Se estudiaron poblaciones locales del ratén espinoso, Liomys pictus, de la selva tropical caducifolia y
subcaducifolia en Chamela, Jalisco, México, donde L. pictus presenta marcadas fluctuaciones en
densidades poblacionales y altas tasas de intercambio poblacional. Dichas caracteristicas estan
relacionadas directamente con la severa estacionalidad ambiental y la heterogeneidad caracteristica de
estas selvas. Con el objetivo de revisar la hipotesis que sefiala que el nivel de variacion genética de una
poblacion puede estar correlacionado con el grado de heterogeneidad ambiental, se evaluaron las
diferencias genéticas entre poblaciones de estos dos ambientes contrastantes (selvas caducifolia y
subcaducifolia). Se analizaron 30 loci con electroforesis en gel de almidén. Las frecuencias alélicas, el
numero de loci heterécigos y los valores de heterocigosidad observada y esperada no fueron
significativamente diferentes entre subpoblaciones. Las diferencias entre éstas y la dispersion de individuos
también fueron evaluadas con una prueba de asignacion basada en genotipos individuales. Setenta y dos
por ciento de los individuos fueron asignados correctamente a su poblacién de origen, lo que se interpreté
como indicativo de una baja diferenciacién interpoblacional. Los cambios en la variabilidad genética que
se observan como respuesta a las fluctuaciones poblacionales y altas tasas de intercambio, aunado al
movimiento de los animales (se encontré una marcada dispersion, significativamente mayor en machos),
pudieron cancelar o atenuar las divergencias entre subpoblaciones. Se observé ademas cierta endogamia,
lo cual puede interpretarse como efecto de Wahlund, que resultaria de mezclar subpoblaciones con
frecuencias alélicas diferentes. Por otro lado, sugerimos que la filopatria de las hembras y la dispersion
predominantemente de los machos, que representan componentes caracteristicos de la estructura social
en L. pictus, puede resultar ya sea en la dispersién de los individuos (estructuracion poblacional) o en la
mezcla de subpoblaciones (efecto de Wahlund). Este tipo de cambios poblacionales y genéticos son
aspectos importantes en muchas poblaciones de pequefios mamiferos, por lo que deben tomarse en cuenta
cuando se evaltan la demografia y estructura genética.

Palabras Clave: Liomys pictus, roedores heterébmidos, variabilidad genética, heterogeneidad ambiental,
selva tropical seca, isoenzimas.

ABSTRACT

Local populations of the spiny pocket mice, Liomys pictus, were sampled from the tropical deciduous and
semideciduous forests from Chamela, Jalisco, Mexico, where L. pictus experiences profound population
fluctuations and high rates of population turnover, associated with the strong environmental seasonality and
heterogeneity characteristic of these forests. In order to review the hypothesis stating that the level of genetic
variation in a population is correlated with the degree of environmental heterogeneity, the genetic differences
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between subpopulations from these two contrasting habitats were evaluated. Thirty presumptive gene loci
were analyzed using starch-gel electrophoresis. Allele frequencies, number of heterozygous loci and
observed and expected heterozygosity values were not statistically different between subpopulations.
Population differences and sex-biased dispersal were also evaluated with an assignment test based on
individual genotypes. Seventy-two percent of individuals were correctly assigned to their population of origin,
which we considered indicative of low interpopulation differentiation. The short-term changes in genetic
variability, as a response to the fluctuations in population density and high rates of population turnover,
together with movement of individuals (a marked male-biased dispersal was observed), could conceal or
buffer divergences between these subpopulations. L. pictus subpopulations were also characterized by
inbreeding, which might be interpreted as a Wahlund effect, resulting from mixing of subpopulations of
differing allelic frequencies. On the other hand, we suggested that female philopatry and male-biased
dispersal, main components of the social structure of this species, may result in either dispersion of
individuals (population structuring) or mixing subpopulations (Wahlund effect). Short-term population and
genetic changes are important aspects of many small mammalian populations, which should be considered
when assessing demography and genetic structure.

Key Words: Liomys pictus, heteromyid rodents, genetic variability, habitat heterogeneity, tropical dry forests,
allozymes.

INTRODUCTION

The family Heteromyidae comprises the group of exclusively New World rodents
that includes the kangaroo rats, pocket mice and kangaroo mice. The evolutionary
diversification of this group in heterogeneous landscapes provides examples of
genetic, ecological and biogeographic processes associated with their speciation
and differentiation (Genoways & Brown 1993). Nevertheless, with important
exceptions (Rogers 1990, Patton & Rogers 1993), we lack detailed information
regarding their genetic structure, as well as about the relation of that genetic
variability with factors such as environmental features, population structure and
social organization.

The spiny pocket mice Liomys pictus, an endemic heteromyid species of western
and southern Mexico (Genoways & Brown 1993), shows complex and specialized
morphological, behavioral and physiological characteristics (Ceballos 1991, French
1993, Randall 1993, Mendoza 1997, Vazquez-Dominguez et al. 1998). It has been
extensively studied in the dry deciduous and semideciduous forests of Chamela,
Jalisco, Mexico (Rogers 1990, Ceballos 1991, Mendoza 1997, Vazquez-
Dominguez 1997); however, there is scarce information about the genetic structure
of this species regarding its populations in Chamela (Rogers 1990, Rogers &
Engstrom 1992). These forests show a strong climatic seasonality determined by
the amount and pattern of temporal distribution of rainfall, which has direct effects
on phenology and food availability. They also reflect a marked gradient, from
deciduous to semideciduous forest, of increasing spatial structural complexity and
decreasing temporal seasonality, owing to the greater availability of water in the
latter (Bullock 1986).
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It has been shown that patterns of distribution and abundance of L. pictus are
directly related to the environmental seasonality characteristic of these forests: it
is the most abundant species in the deciduous forest where it is present throughout
the dry season; density is higher at the end of the rainy season and beginning of
the dry season; and reproduction and population fluctuations are strongly
influenced by seasonality in food availability (Ceballos 1991, Mendoza 1997,
Vézquez-Dominguez 1997). Because of its specialization, this species is able to
maintain populations in the deciduous forest and cope with the high environmental
seasonality and heterogeneity (French 1993, Mendoza 1997, Vazquez-Dominguez
et al. 1998). The influence of habitat heterogeneity (i.e. climatic seasonality and
habitat complexity) as an ecological and evolutionary force has long been
recognized and it plays a key role in processes at population, community and
ecosystem levels (Avise 1994). Also, habitat heterogeneity can affect, among other
things, genetic polymorphisms (Patton & Feder 1981, Hedrick 1986). Accordingly,
populations are composed of individuals living in mosaics of macro- and
microhabitats that influence individual fitness and largely determine population
dynamics (Avise 1994, Johannesson & Tatarenkov 1997).

Different studies with vertebrates have shown a positive correlation between
environmental diversity and genetic polymorphisms (Schmitt et al. 1995,
Johannesson & Tatarenkov 1997), although this relationship has not always been
found (Ayala et al. 1975). Also, studies of intraspecific genetic variation over
heterogeneous habitats suggest habitat-specific variation at local or even
microscales (Nevo et al. 1994, Gebczynski & Ratkiewicz 1998). There are few
examples of these kind of associations in vertebrates and even fewer in mammals
(Patton & Feder 1981, Scribner & Chesser 1993, Schmitt et al. 1995). Similarly, it
has been shown that the social organization and the concomitant dispersal and
breeding patterns of a population, for mammals in particular, have important
consequences for the apportionment of genetic variance and distribution of
genotypic proportions within and among populations or lineages (Chesser 1991,
Mathews & Porter 1993, Scribner et al. 1997). Accordingly, the structure of
mammalian populations is influenced strongly by social organization and
environmental constraints (Petit et al. 1997).

The purpose of the present work was to review the hypothesis concerning
whether the level of genetic variation in a population is correlated with the degree
of environmental heterogeneity (McDonald & Ayala 1974). On the other hand,
considering the results observed in this study, we suggested some possible
consequences of population structure and social organization on the genetic
structure of the species.
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MATERIAL AND METHODS

Field work. Rodents were trapped at the Chamela-Cuixmala Biosphere Reserve,
which is located in the southern portion of the State of Jalisco, on Mexico’s west
coast (19°25’N and 105°00'W). The vegetation is predominantly tropical deciduous
forest (hereafter dry forest) and semideciduous forest (arroyo forest; Rzedowski
1978). The climate is characterized by its dry-wet seasonality, with an average
monthly temperature of 24.9°C and a mean precipitation of 748 mm/year, 80% of
which occurs between July and October (Bullock 1986). The rest of the year is
characterized by a marked dry season, when most plants shed their leaves.

Individuals of L. pictus were collected in the dry and arroyo forests, at two 0.8-ha
grids per forest, for a total of 52 individuals per forest. Dry and arroyo trapping
areas were approximately 5 km apart. Mice were trapped using Sherman live-
traps, baited with a mixture of rolled oats, peanut butter and vanilla extract.
Individuals were sexed and weighed to the nearest 0.1 g. Blood and tissue
samples of all individuals were stored in liquid nitrogen; subsequently, tissue
samples were homogenized in a buffered solution (pH 6.8) of Trizma base and
EDTA and stored at -70°C until electrophoresis was performed.

Genetic variability. Blood and tissue samples were used to assay 34 proteins with
horizontal starch-gel electrophoresis. Good resolution was obtained for 19 proteins
encoding 30 presumptive loci. Stains and buffers were used as described by
Selander ef al. (1971), Pasteur ef al. (1988) and Teska et al. (1990). Buffer systems
and enzymes studied are summarized in the Appendix. For accuracy, reference
samples were run on each gel to ensure consistent scoring.

Genetic variability within local populations was calculated and expressed as the
mean number of alleles per locus (A), the percentage of polymorphic loci per
population (P, using the 95% criterion; Nei 1987), and the proportion of loci
heterozygous per individual at each locality (H, direct count estimate; Hedrick
1983). These estimates were first calculated for each subpopulation and then for
the entire sample. A G test was used to evaluate differences in observed and
expected heterozygosity values between dry and arroyo forests (Wayne 1990).

To examine heterozygote proportions within and between dry and arroyo
populations, Fg;, F,s and F,; estimates (Hedrick 1983) were calculated. To evaluate
if these indices were different from zero, a X? test was performed following Hedrick
(1983) and Workman & Niswander (1970); and because with multiple comparisons
the chance of an error increases, we used the Bonferroni's approximation (a/m, Fry
1993) to calculate a suitable significance level. Differences between dry and arroyo
forests regarding the number of heterozygous loci of individuals were examined
with a t-test (Sokal & Rohlf 1981). In order to avoid sex biased results, we tested
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if males and females showed different number of heterozygous loci with a G test
for contingency tables (Wayne 1990).

Different applications of assignment tests have been successfully used as an
approach to estimate population differentiation and sex-biased dispersal (Paetkau
et al. 1995, Andersen et al. 1997, Waser & Strobeck 1998, Mossman & Waser
1999). Based on the variation of the 23 polymorphic loci, we used the assignment
test of Paetkau et al. (1995), which determines how indicative an individual’s
genotype is of the population from which it was sampled (individual’'s assignment
index). An individual is assigned to the population that has the highest likelihood
of containing a member with the observed multilocus genotype (for details for
computing the test see Paetkau et al. 1995).

We explored the movement of individuals between sites from a genetic point of
view by two means: first, we estimated the number of migrants per generation
(genetic flow Nm) through an indirect method proposed by Crow and Aoki (1984),
which considers the number of subpopulations: Fg; = 1/(4aNm+1), where N is the
population size, m is the fraction of N substituted by migrants and a = (n/n-1)?
where n is the number of subpopulations. Second, we carried out the assignment
test of Paetkau et al. (1995) for the two populations together to detect a bias in
dispersal between males and females, applying the modification proposed by
Favre et al. (1997). The latter allows the identification of immigrants because
individuals with a lower assignment index have rare genotypes and thus are
potentially recent immigrants (Favre et al. 1997, Mossman & Wasser 1999).

RESULTS

In the dry forest 29 males and 23 females were collected, and 25 and 27,
respectively, in the arroyo forest. Average weight of males was 42.3 + 5.6 g and
41.2 £+ 6.3 g, and of females 38.0 + 4.8 g and 38.5 + 4.3 g, for dry and arroyo
forests, respectively.

Twenty-three of 30 loci examined were polymorphic (Table 1), with a mean
number of alleles per locus of 2.0 and 2.1, a percentage of polymorphic loci of 76.7
and 73.3, and an average observed heterozygosity value of 0.085 and 0.094, for
dry and arroyo forests respectively. The estimates for the entire sample (A= 2.1,
P= 73.3, H= 0.089) were similar and not statistically different to subpopulation
estimates. Allele frequencies differed significantly between dry and arroyo forests
for five loci (Aco1, G6pd1, G6pdD2, Ldh2, and Pepa2; Table 1) and the observed
and expected heterozygosity values were not significantly different between the
two forests (p> 0.05).

Mean F¢; = 0.023 was not significantly different from zero after Bonferroni's
correction (p> 0.05), although some slight differentiation between subpopulations
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for heterozygote proportions was observed (values showed significant
differentiation in 30% of the polymorphic loci: Aco1, Gp4, G6pd1, G6pd2, Ldh1,
Ldh2 and PepaZ2; p< 0.01). Mean Fg and F; showed significant positive values
(0.724 and 0.730, respectively; p< 0.001). Individual mice were heterozygous at
as many as 8 loci and the number of heterozygous loci did not differ significantly
between males and females, nor between dry and arroyo populations (p> 0.05).

Table 1
Allelic frequencies for 30 loci (abbreviations defined in the Appendix) and G test for
differences in allele frequencies between populations of Liomys pictus from dry and arroyo
forests in Chamela, Jalisco, Mexico.

Locus Locus
Allele Dry Arroyo G Allele Dry Arroyo G
Aco1 1 0.362 0.673 9.75** Lap1 1 0.688 0.750 0.483
2 0.638 0.327 2 0.313 0.250
Acp1 1 1.000 1.000 Ldh1 1 0.729 0.519 4.95
Ak1 1 0.981 1.000 0.863 2 0.250 0.462
2 0.019 0.000 3 0.021 0.019
Aat1 1 0.683 0.567 1.418 Ldh2 1 0.347 0.596 6.35%
2 0.317 0.433 2 0.653 0.404
Es1 1 0.224 0.250 0.091 Mdh1 1 1.000 1.000
2 0.776 0.750 Mnr1 1 0.538 0.470 3.757
Es2 1 0.857 0.856 0.032 2 0.462 0.470
2 0.143 0.144 3 0.000 0.060
Es3 1 0.365 0.340 0.095 Mnr2 1 0.462 0.385 1.437
2 0.510 0.520 2 0.529 0.577
3 0.125 0.140 3 0.010 0.038
Gld1 1 0.404 0.452 2.251 Me1 1 0.950 0.942 0.029
2 0.577 0.529 2 0.050 0.058
3 0.019 0.019 Mpi1 1 0.061 0.019 1.215
Gp1 1 0.490 0.558 0.467 2 0.939 0.981
2 0.510 0.442 Pepat 1 0.538 0.587 0.289
Gp2 1 1.000 1.000 2 0.442 0.413
Gp3 1 1.000 1.000 3 0.019 0.000
Gp4 1 0.347 0.353 5.20 Pepa2 1 0.288 0.644 16.8***
2 0.459 0.588 2 0.567 0.356
3 0.194 0.059 3 0.144 0.000
G3pdh1 1 0.561 0.686 0.249 Pepb1 1 1.000 0.990 0.309
2 0.418 0.314 2 0.000 0.010
3 0.020 0.000 Per1 1 0.635 0.596 0.163
Gpit 1 0.357 0.337 0.012 2 0.365 0.404
2 0.643 0.663 6Pgd1 1 1.000 1.000
G6pd1 1 0.667 0.471 6.98**
2 0.333 0.529
G6pd2 1 0.438 0.240 4.38*
2 0.563 0.760

*p< 0.05; **p< 0.01; ***p< 0.001

Assignment test results showed that a total of 75 individuals (72%) were
assigned to the sampling area where they had been collected, with a higher
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number of misassigned individuals for the dry forest (Table 2). Regarding dispersal
of individuals, Nm results showed that, from a genetic stand point, 2.6 individuals
on average move between the two subpopulations per generation. Moreover, 74%
percent of male individuals showed a lower assignment index compared to only
32% of the females, and male assignment indices also had a lower mean and
higher variance (Table 2), all of which indicates a male-biased dispersal (Favre et
al. 1997)

Table 2
Assignment test results. a) number of individuals from each population assigned to dry and
arroyo populations; b) percentage of males and females with a lower assignment index
(LAi). Mean and variance values of the assignment index for male and female individuals

a) Assigned population
Dry Arroyo
Source population
Dry 34 18
Arroyo 11 41
b) Sex
Male Female
LA (%) 74 32
Mean -0.0057 -0.0029
Variance 37.25 34.59
DISCUSSION

Population numbers, species composition and demographic patterns that
characterize rodent populations in Chamela are directly correlated to the
fluctuating environment and seasonal patterns in resources availability present
throughout the year (Ceballos 1991, Mendoza 1997, Vazquez-Dominguez 1997);
such characteristics would agree with the genetic variability-heterogeneity
hypothesis. Despite this, dry and arroyo populations in our study showed no
significant differences for such genetic estimates as number of heterozygous loci
per individual and observed and expected heterozygosity, and only slightly for
allele frequencies.

The assignment test used here asks whether sufficient differences exist between
subpopulations to make an individual’'s genotype characteristic, or even diagnostic,
of the population from which it came (Patekau et al. 1995). Thus, it provides a
measure of population differentiation by indicating how many individuals are
assigned to the area in which they were sampled. Accordingly, in the present
results 65% and 79% of the animals were correctly assigned to the dry and arroyo
populations, respectively. In the present case we think that the high percentage of
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misassigned individuals will indicate low interpopulation differentiation, despite the
fact that some studies with similar values had been reported as having highly
structured populations (Patekau et al. 1995, Primmer et al. 1999). Although
individual genetic descriptors like the assignment test have been used with
allozymes (Andersen et al. 1997), their common use with highly variable loci (e.g.
microsatellites) makes them remarkably reliable, and likely best suited than for
allozyme data, thus, only values closer to the one hundred percent will confidently
indicate spatial structuring of populations.

That no differences were found between subpopulations could be partially
explained in terms of the spatial and temporal shifts in genetic variability expected
in fluctuating populations with overlapping generations, in which short-term
changes in genetic variability can be responses to fluctuations in population
density and high rates of population turnover (Smith et al. 1975, Harrison and
Hastings 1996). Such changes could conceal possible genetic differences in these
L. pictus subpopulations that were sampled in a single point in time. Also, the
estimates of gene flow (Nm) observed in the present study may buffer divergences
during stages with lower population sizes (e.g. during the long draught months
when population numbers are drastically lowered; Mendoza 1997, Véazquez-
Dominguez 1997).

Our results also indicate that the subpopulations of L. pictus studied are
characterized by inbreeding. One direct interpretation is that the observed
inbreeding could be due to a Wahlund effect, resulting from pooling genotypic data
by mixing of populations of differing allelic frequencies. The most plausible
explanation for this would be that the populations sampled represent two cryptic
species, a possibility that we cannot rule out with the present data.

These results could also be related to the characteristic population structure and
social organization of this species. Different studies have demonstrated that the
structure of mammalian populations is strongly influenced by social organization.
They have also evidenced some consequences of population structure and social
organization on genetic variation (Chesser 1991, Scribner et al. 1991, Mathews &
Porter 1993, Petit et al. 1997, Scribner et al. 1997). This is, inbreeding is enhanced
by spatial structuring, but can occur in its absence (Scribner et al. 1991) and,
although commonly perceived as consanguineous matings, can result from
matings among non familial relatives, related because of low effective population
size (Chesser & Ryman 1986). Breeding among relatives also may occur in
populations that show strong site fidelity (philopatry); in these, despite male
movements and gene flow among sedentary female groups, inbreeding can occur
if dominant males tend to sire most offspring produced within certain female
groups or matriarchical lines (Chesser 1991, Scribner et al. 1991). High rates of
gene flow among subpopulations may counter deleterious levels of inbreeding.

In this respect, female philopatry and male-biased dispersal have been shown
for L. pictus in Chamela (Mendoza 1997). Also, reproductively active females live
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alone and maintain distinct home ranges, while male home ranges overlap those
of other males and females (Randall 1993, Mendoza 1997). Our results confirm
that animals move considerably between subpopulations and that this dispersal is
predominantly male-biased. Hence, female philopatry and male-biased dispersal,
together with the fluctuating variation in reproduction and population sizes
observed in L. pictus in Chamela, may result in variation in juxtaposition of males
and females during breeding periods (Scribner et al. 1997). This in turn could result
in either dispersion of individuals of different subpopulations, with which some
degree of spatial structuring would be observed, or mixing gene pools and
subsequent Wahlund effect.

Differences in genetic characteristics are known to occur in vertebrates related
to sexes, ages, body size, cohorts and population dynamics, in small mammals
and even in relatively long-lived species (Massey & Joule 1981, Scribner &
Chesser 1993). It also has been suggested that mammalian populations, due to
their genetically heterogeneous dynamics, can form subpopulations with different
genetic characteristics (Scribner et al. 1991). Accordingly, the genetic structure
observed in Liomys pictus in the present study supports the importance of
considering short-term populations structure and genetic changes in the study of
the interactions among demography, genetic structure and behavior.
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Appendix
Protein loci and electrophoretic conditions for Liomys pictus.
Protein E.C. Locus Buffer®

Acid phosphatase 3.1.3.2 Acp 4
Aconitase 4213 Aco 6
Adelinate kinase 2743 Ak 6
Aspartate aminotransferase 2.6.1.1 Aat 4
Esterase 3.1.11 Es1, Es2 3
Esterase 3.1.11  Es3 5
General protein (nonspecific) Gp1, Gp2 3
General protein (nonspecific) Gp3, Gp4 3
Glucose-6-phosphate dehydrogenase 1.1.1.49 G6pd1, G6pd2 1
Glucose-6-phosphate isomerase 5.3.1.9 Gpi 1
Glutamate dehydrogenase 1.41.2 Gld 4
Glycerophosphate-3-dehydrogenase 1.1.1.8 G3pdh 4

Lactate dehydrogenase 1.1.1.27 Ldh1, Ldh2 2
Leucine aminopeptidase 3.4.11.1 Lap 3
Malate dehydrogenase 1.1.1.35 Mdh 2
Malic enzyme 1.1.1.40 Me 1
Mannose-6-phosphate isomerase 5.3.1.8 Mpi1, Mpi2 3
Menadione reductase 1.6.99.2 Mnri1, Mnr2 5
Peptidases glycyl-L-leucine 3.4.13.11 Pepa1, Pepa2 3
L-leucylglycyl glycine 3.4.13.11 Pepb 3
Peroxidase 1.11.1.7 Per 4
6-phosphogluconate dehydrogenase 1.1.1.44 6pgd 2

@ Buffer used: (1) Tris maleate, pH 7.4, 100 mA, 15 h; (2) Histidine, pH 5.6, 55 mA, 5 h; (3)
Lithium-Borate, pH 7.6, 55 mA, 8 h; (4) Tris-Citrate, pH 8.0, 120 V, 7 h; (5) Lithium, pH 8.0,
100V, 7 h; (6) Tris-Citrate, pH 6.3, 120 V, 5 h.
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