
1102

Journal of Mammalogy, 82(4):1102–1113, 2001

THE URODERMA BILOBATUM (CHIROPTERA: PHYLLOSTOMIDAE)
CLINE REVISITED
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We studied clinal variation in karyotypes of Peters’ tent-making bat (Uroderma bilobatum)
along a transect from south-central El Salvador to northwestern Nicaragua. Nondifferen-
tially stained karyotypes were scored for 291 specimens from 5 localities. Each locality
was near a locality from which similar data on U. bilobatum have been reported in the
literature 18 years ago. G-tests indicated no significant differences between our data and
the historical data at 2 localities in El Salvador; significant differences were found at the
contact zone in Honduras. Based on a combined sample of 834 specimens, by means of
the point at which genotype frequencies equal 20% and 80% (20/80 rule), we estimated
that 3 chromosomal morphs (designated Aa, Bb, and Cc) had an average clinal width of
33.3 km. The widest cline, Bb, was 12.53 km wider than the narrowest, Cc. Morph Cc
was detected at 2 localities, 72 and 80 km northwest of the nearest locality from which it
was previously known. Overall, we detected little change in clinal architecture during the
intervening years between these 2 analyses. Four investigators who used the same data set
have published 4 different interpretations of clinal dynamics. These interpretations are mu-
tually contradictory and so all cannot be correct.
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Along the Pacific versant of Central
America, clinal variation was documented
in populations of Peters’ tent-making bat
(Uroderma bilobatum) from Taxisco, Gua-
temala, to Chinandega, Nicaragua (Baker
1981). The cline was chararacterized by
regular spatial variation in the frequencies
of 3 pairs of chromosomal forms, designat-
ed by Baker (1981) as the Aa, Bb, and Cc
morphs. These forms can be diagnosed un-
ambiguously with nondifferentiated karyo-
types. Each morph has a distinct, though
similar, geographical distribution, resulting
in 3 clines, 1 for each morph.

The A form of chromosomal morph Aa
has a small biarmed element and an acro-
centric element. The other morph, repre-
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sented by lowercase a, has these 2 elements
fused to form a subtelocentric chromosome.
The number of As in a karyotype is equal
to the number of small biarmed autosomes.
Each small biarmed element produces an
increase of 1 in the complement, over the
basal diploid number (2n) 5 38, accompa-
nied by a decrease of 1 in the number of
large biarmed elements (Baker 1979, 1981).

The B form of chromosomal morph Bb
has a centric fusion–fission in which morph
B is represented by 2 acrocentrics. Morph
b is a subtelocentric element resultant from
the fusion of the 2 acrocentric elements in
B. In nondifferentiated karyotypes, each b
effects a decrease of 1 in the diploid num-
ber and an increase of 1 in the number of
large biarmed elements, without decreasing
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the number of small biarmed autosomes
(Baker 1979, 1981).

The C form of chromosomal morph Cc
is a terminal translocation in which a small
acrocentric element is translocated to the
end of the long arm of the longest acrocen-
tric in the karyotype. Each c signifies that
the centromeric end of the smaller element
is translocated to the distal end of the larg-
est acrocentric. The presence of a c morph
is accompanied by a reduction in the dip-
loid number by 1 and reduces the number
of acrocentrics by 1 without changing the
number of biarmed elements, either large or
small (Baker 1979, 1981). Photographs and
diagrammatic representations of these 3
forms have been presented and discussed in
Baker (1981) and other publications cited
therein.

Qualitatively, these clines are long. The
mean distance between their points of fix-
ation at 0% and 100% is about 425 km.
Qualitative length notwithstanding, major
changes occur in morph frequencies over
much shorter distances. This rapid change
takes place along a transect that is com-
pletely contained within the Gulf of Fon-
seca region of Honduras.

The U. bilobatum cline was originally
studied by Baker and Lopez (1970), Baker
and McDaniel (1972), and Baker et al.
(1972, 1975). Baker (1979) reviewed cur-
rent knowledge of U. bilobatum on the ba-
sis of 333 karyotyped specimens. Later,
Baker (1981) reported an analysis based on
his original 333 specimens plus an addi-
tional 210, bringing the total sample to 543
specimens (herein referred to as old data).
In a companion study, Greenbaum (1981)
examined 366 specimens of U. bilobatum
that represented 12 populations sampled at
Baker’s original collection sites. Green-
baum (1981) analyzed 210 of those speci-
mens separately for karyologic variation,
plus his entire set of 366 bats for electro-
phoretic variation. Barton (1982) and Haf-
ner (1982) published critiques of Baker
(1981) and Greenbaum (1981). All material
used in these studies was collected from 13

localities ranging from Huixtla, Mexico, in
the northwest to Puntarenas, Costa Rica, in
the southeast, a distance of about 1,100 km.

A major difficulty in the study of verte-
brate clines is the collection of an adequate
number of samples, of adequate size, at
closely spaced intervals. We present data
representing 291 specimens (herein called
the new data) taken from 5 additional lo-
calities, all contained within Baker’s origi-
nal transect. This brings the sample to 834
specimens (herein called the combined
data). Greater sample size permits further
refinement of clinal architecture and forms
the basis for a comparison and contrast with
Baker’s (1981) data. We discuss several
contradictory opinions in the literature re-
garding clinal dynamics (Baker 1981; Bar-
ton 1982; Greenbaum 1981; Hafner 1982).

MATERIALS AND METHODS

Natural populations of U. bilobatum were
sampled at 5 localities in El Salvador, Honduras,
and Nicaragua during the years 1990 and 1991.
Voucher specimens were prepared as museum
skins and skulls or were preserved in formalin
and later transferred to ethyl alcohol. All are de-
posited in the Museum of Texas Tech Univer-
sity, Lubbock.

Specimens were karyotyped from bone mar-
row by the in vivo culture method (Baker 1970).
The nature of chromosomal rearrangements in
U. bilobatum is such that the chromosomal cy-
totype can be determined from nondifferentiated
preparations (Baker 1979). A minimum of 5
complements was examined for each specimen
as a quality control measure, and a determina-
tion of cytotype was made. Two specimens, 1
from locality 3T (near La Herradura, Departa-
mento de La Paz, El Salvador) and 1 from lo-
cality 4T (near Usulutan, Departamento de Usu-
lutan, El Salvador), were polymorphic for an ad-
ditional centric fusion, resulting in a diploid
number of 43. For purposes of analysis, those
were counted as if the diploid number were 44.

A comparison of data generated from our
study and that contained in Baker (1981) al-
lowed us to list all possible cytotypes (Table 1),
some of which have not been found in nature.
Table 2 lists all localities along with their cor-
responding sample sizes and distances from the
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TABLE 1.— Number of each cytotype for samples of Uroderma bilobatum from Baker (1981) and this paper. New localities are followed by the
letter T. 1) Mexico: Chiapas: 23.6 mi NW Huixtla; 2) Guatemala: Santa Rosa: 1 mi E Taxisco; 3) El Salvador: La Paz: 3 mi NW La Herradura;
3T) El Salvador: La Paz: 2.5 mi NNE La Herradura and 4.8 mi NE La Herradura; 4) El Salvador: Usulutan: 3 mi E Usulutan; 4T) El Salvador:
Usulatan: 8.8 mi E by ESE Usulatan; 5) Honduras: Valle: 1 mi SE Nacaome; 6) Honduras: Valle: 10 mi SSW Nacaome; 6T) Honduras: Valle:
7.4 mi SSW Nacaome; 7) Honduras: Choluteca: 10.2 mi NW Choluteca; 7T) Honduras: Choluteca: 9.6 mi W by WSW Choluteca; 8) Honduras:
Choluteca: 11.5 mi SW Choluteca; 9) Nicaragua: Chinandega: 3.5 mi NW Chinandega and 1.5 mi S Chinandega; 9T) Nicaragua: Chinandega: 10
mi ESE Chinandega; 10) Nicaragua: Leon: 2.1 mi SSE Leon; 11) Costa Rica: Guanacaste: 10 mi SSE Canas and San Jose: 41.2 mi SW Canas;
12) Costa Rica: San Jose: 12.3 mi SSE San Isidro del General; 13) Costa Rica: Puntarenas: 2.1 mi S, 1.1 mi E San Vito.
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TABLE 2.—Summary of chromosomal data for 18 samples from Baker (1981) and this paper; see Table 1 for localities.

Locality n

Parental
cytotype
present

Distance from
locality of
parental

cytotypes
sympatry (km)

Potential
F1s

Number of
backcross

individuals

Morph frequency

a b c

1
2
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3T
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6
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12
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0.97
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0.00
0.01
0.05
0.03
0.05
0.06
0.22
0.28
0.59
0.71
0.88
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1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.01
0.00
0.01
0.06
0.10
0.30
0.67
0.91
0.96
0.99
1.00
1.00
1.00
1.00
1.00
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FIG. 1.—Frequencies of chromosomal morphs from fixation at 0% to fixation at 100% for old data,
new data, and combined data. Circles in plots for the old and combined data sets indicate the contact
zone locality number 6 in Baker (1981). Circles in the plots of the new data indicate the presumptive
contact zone for these data. Vertical lines delimit the width of the contact zone between the values
20% # p(x) # 80%. All plots are drawn to the same scale to facilitate comparisons.

zone of parental sympatry. The remaining infor-
mation in Table 2 is summarized for the con-
venience of the reader but can be derived from
Table 1. We have retained the original chromo-
somal nomenclature and locality designations
used by Baker (1981). Locality numbers fol-
lowed by the letter T are those collected for this
study. We used G-tests (Sokal and Rohlf 1981)
at paired localities 3–3T, 4–4T, and 6–6T, mem-
bers of which are ,10 km apart, to evaluate
chromosomal frequencies. The null hypothesis
was that morph frequencies for the new data do
not have significant departures from their cor-
responding frequencies for the old data. That
was a single classification test for goodness-of-
fit. Expected frequencies, under the null hypoth-

esis (Sokal and Rohlf 1981), were those of the
old data.

RESULTS

Morph frequencies p(x) were plotted
against distance x, away from locality 6
(Fig. 1). That locality was in the area of the
Gulf of Fonseca near Nacaome, Honduras.
Because locality 6 was the only locality
where both parental cytotypes have been
documented in sympatry, it was considered
crucial to an understanding of clinal dy-
namics. The data, upon which the statistical
calculations were based, consisted of all lo-
calities between fixation at 0% and fixation
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FIG. 2.—Frequencies of morphs a (solid cir-
cle), b (circle), and c (inverted triangle) plotted
against their average frequencies at the 13 lo-
calities given in Table 2.

FIG. 3.—The 1st derivative of morph frequen-
cy p(x) as a function of distance from the con-
tact zone x, for the combined data.

at 100%, inclusive. Data were fitted to sig-
moid-shaped curves by a least-squares cri-
terion. Because the coefficient of determi-
nation (R2) was quite high for each plot, we
accepted those curves as good models of
clinal change and base further calculations
and discussion on them. Figure 2 is a plot
of morph frequencies against the average
frequencies of the 3 morphs, at each local-
ity. The diagonal marks the place where the
morphs would lie if the 3 clines were ex-
actly coincidental. Figure 3 is a graph of
the 1st derivatives dp(x)/dx of the sigmoid
curves (combined data) used in the plots of
Fig. 1. Morph a is represented by a dotted
line, morph b by a solid line, and morph c
by a dashed line.

We estimated widths of the clines, w, by
2 standard procedures (Endler 1977; May
et al. 1975): the distance between the points
on the abcissa at which genotype frequen-
cies equal 20% and 80%, hereafter called
the 20/80 distance, and the inverse of the
slope of the steepest part of the sigmoid
curves w 5 . Estimates, in21[dp(x)/dx]max

kilometers, calculated as the 20/80 distance,
were as follows: old data (morph a 5 37.75,
b 5 40.63, and c 5 29.79), new data

(morph a 5 22.94, b 5 37.88, and c 5
30.46), and combined data (morph a 5
32.97, b 5 39.78, c 5 27.25). Estimates
based on the inverse slope method were as
follows: old data (morph a 5 54.44, b 5
58.11, and c 5 43.13), new data (morph a
5 32.67, b 5 53.46, and c 5 34.22), and
combined data (morph a 5 47.41, b 5
56.64, and c 5 39.22). In general, estimates
based on the inverse of the 1st derivative
of the fitted slope were wider than the 20/
80 distance. A shorter 20/80 cline was con-
sistent with calculations based on clinal
change in other species (Endler 1977). A
number of functionally different sigmoid
curves fitted data about equally well, all
with R2 . 0.99. Each of those curves gave
slightly different values for the parameter
estimates presented above.

By use of the 20/80 distances, cline
widths for the old data and the combined
data had the same ordinal relationship. In
both data sets, morph b had the longest
width, morph a had the next longest width,
and morph c had the shortest width. The
widest cline for the new data also was that
of morph b. However, for the new data, the
cline for morph c was longer than that for
morph a. That reversal, in the ordinal rela-
tionship of width, may have reflected our
discovery of the presence of morph c in
population 3T, new to this paper. It was not
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reported from population 3 by Baker (1981)
or Greenbaum (1981).

Considering the great length over which
backcross animals have been found, 400 km
(probably a significant underestimate), the
3 clines came close to coinciding in their
locations and widths. Midpoints, at 40%,
for the 20/80 clines (combined data) were:
morph Aa, 0 1 6.59 km, morph Bb, 0 2
1.78 km, and morph Cc, 0 1 8.34 km. The
longest cline Bb was only 12.53 km longer
than the shortest cline, Cc. Average clinal
width, 33.33 km, was only 12% of the av-
erage length over which backcross individ-
uals have been found. Figure 3 shows
graphically how change in morph frequen-
cies changes along the cline. In that figure
the 1st derivatives of the sigmoid curves of
Fig. 1 (combined data) were plotted against
distance from the contact zone. Heights of
the spikes measured the maximum rate of
change of the sigmoid curves and the po-
sition where that maximum occurred.
Widths of the spikes represented the inter-
val between positive instantaneous change
and zero change. It was noteworthy that the
3 derivatives nearly coincide. That suggest-
ed that clinal dynamics for each chromo-
somal morph were similar in magnitude and
direction, because substantial differences in
the velocity of clinal movement and direc-
tion would have tended to separate them
over the years.

The samples numbered 3T and 4T, new
to this paper, differed from nearby samples
reported in Baker (1981) that were collect-
ed some 12 years earlier. Morph c was
found at locality 3T near La Herradura, De-
partment La Paz, El Salvador, and at local-
ity 4T near Usulutan, Departament Usulu-
tan, El Salvador. That was an increase of 72
(4T) and 123 (3T) km northwestward in the
known range of this morph. Whether c mi-
grated into the area during the intervening
years, or whether c was present at La Her-
radura and Usulutan when Baker (1981)
sampled there but was not represented in
his small samples is not known.

We used the law of cosines to calculate

the distances between members of sample
pairs as follows: 3–3T, 7.04 km; 4–4T, 5.89
km; 6–6T, 4.19 km, 7–7T, 15.05 km, and
9–9T, 17.59 km. Locality pairs 3–3T, 4–4T,
and 6–6T were separated by relatively short
distances, so distance may not have been a
confounding variable for the purpose of
comparisons. We only were able to reject
the null hypothesis for morphs a, b, and c
at locality 6–6T, the contact zone pair (Gadj

. x2
0.05[1] 5 3.841). Morph proportions be-

tween old and new data were not the same
at 6–6T. Statistical comparisons between lo-
cality pairs 3–3T and 4–4T were based on
large samples. Their statistical nonsignific-
ance lends confidence that Baker’s (1981)
samples and those new to this paper were
representative of the populations from
which they were drawn.

DISCUSSION

Four interpretations of the cline.—Baker
(1981) found parental cytotypes to be sym-
patric at locality 6 only. Data were obtained
there for 25 specimens; of these, 6 were pa-
rental types (5 with 2n 5 44 and 1 with 2n
5 38), 5 were F1s, and 14 were various
backcrosses (Table 1). This suggested to
Baker (1981) that at locality 6 pure parental
forms and F1s are underrepresented and
backcross individuals are overrepresented.
Selection against chromosomal heterozy-
gotes appeared not to be strong enough to
reach critical levels central to some theories
of chromosomal evolution (Bush et al.
1977; Lande 1979; White 1978; Wilson et
al. 1975). Baker (1981) interpreted the zone
to be the product of secondary contact. Un-
der Baker’s characterization parental forms
seldom meet and F1s suffer negative heter-
osis. In contrast, backcrosses are favored by
positive heterosis. Excess backcross indi-
viduals thence migrate toward the north-
west with a superior davisi form gradually
replacing the convexum form through intro-
gression. This interpretation is strengthened
through the discovery of the c morph at lo-
cality 3T, near La Herradura, and locality
4T, near Usulutan (Table 2). These 2 local-
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ities are 133 and 82 km, respectively, far-
ther northwest than the locality of the c
morph from the old data. A separate kar-
yotypic analysis (Greenbaum 1981) con-
curred with Baker’s results.

Baker’s (1981) judgment that parental
and F1 individuals are in dearth and that
backcross individuals are in excess was piv-
otal to his interpretation. Dearth and excess
are relative terms and have a more exact
meaning when compared with an appropri-
ate null model, such as Hardy–Weinburg
equilibrium.

Barton (1982) reanalyzed Baker’s data
for Hardy–Weinberg equilibrium and con-
cluded that both parental and F1 cytotypes
are actually in excess. By means of maxi-
mum-likelihood estimators, he found that
all 3 pairwise disequilibria were signifi-
cantly different from 0, but that the 3-way
coefficient was not significant. Neverthe-
less, Barton’s overall evalutation of the
population was that it was ‘‘very close to
Hardy–Weinberg equilibrium’’ (Barton
1982:864). He concluded that population 6
(the only population where both parental
cytotypes were found together) was consis-
tent with moderate selection against recom-
binant forms and the inward dispersal of pa-
rental types from outside the zone. Barton
(1982) did not comment on the origin of
the zone, but his position was consistent
with secondary contact.

Greenbaum (1981) examined protein var-
iation at 22 loci from bats collected along
the Mexico–Costa Rica transect. Eleven of
those loci (50%) were polymorphic at $2
of the 12 localities. Minor alleles at 9 loci
were found to function as unambiguous
identification markers for either the davisi
or convexum parental types. Greenbaum’s
(1981) principal electrophoretic result was
documentation of a marked absence of data
supporting the hypothesis of introgressive
hybridization. No marker allele for 1 paren-
tal cytotype was found in the other parental
cytotype, outside of the hybrid zone. In
summary, Greenbaum (1981) concluded
that the zone probably represented an area

of primary contact in which reproductive
isolation between the davisi and convexum
forms was being strengthened by selection.
Allometric data in support of Greenbaum’s
(1981) conclusions depended upon reliabil-
ity of maker alleles as identifiers. Green-
baum’s (1981) reliance on those makers
was challenged by Hafner (1982) on several
grounds, including the ‘‘rare allele phenom-
enon’’ (Sage and Selander 1979) and a
small sample.

Hafner (1982) published a 3rd analysis
of Baker’s data in which he estimated the
width of the cline to be about 35 km, by
means of the 20/80 rule. Based on Barrow-
clough (1980), Hafner (1982) chose a dis-
persal rate for U. bilobatum of about 1 km/
year. Barrowclough’s (1980) paper dealt
with birds; his data that most closely match
the value of 1 km/year correspond to the
great tit (Parus major) from the United
Kingdom. Birds differ in their dispersal pat-
terns even among individuals of the same
species (Greenwood and Harvey 1976).
The aerodynamic characteristics of an in-
sectivorus Paleoarctic bird and its disposi-
tion to disperse may be substantially differ-
ent from that of a small frugivorous Neo-
tropical bat. We question the use of this dis-
persal rate as an estimate for U. bilobatum
and note that this parameter was crucial to
Hafner’s (1982) interpretation of the contact
zone.

In the equation used by Hafner (1982),
gene flow, l, occurs as a variable for the
magnitude of the selection gradient b 5
l2(1.66/w)3. Notice that b is dependent on
the values of both l and w. Because in the
selection-gradient equation, the variable l is
squared and the expression involving w is
cubed, a substantial differential is estab-
lished between errors in the estimates of
these 2 parameters and the estimate of b.
By using w 5 35 km and l 5 1 km/year,
Hafner (1982) calculated b to equal 1.1 3
1024/km. Based on this estimate of the mag-
nitude of the selection gradient, Hafner
(1982) made the transition to simple diffu-
sion of parental cytotypes into each other.
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Hafner (1982) marshaled further support
for the diffusion model by comparing the
observed array of karyotypes across the
transect with those predicted by a binomial
distribution. He trisected the region into 3
geographical areas: a davisi-like region, a
midregion, and a convexum-like region. Es-
timates of the probabilities of p and q in the
binomial equation (p 1 q)x were extrinsic
to the data at the midregion and based upon
the data at the davisi and convexum regions.

Hafner’s (1982) extrinsic midregion es-
timate of p 5 0.5 and q 5 0.5 requires the
assumption of equal diffusion rates into the
zone from both parental types, which may
or may not be correct. Diffusion depends
upon factors including population density
and habitat quality on either side of the
zone. These variables may differ for the 2
parental types. No data exist that are rele-
vant to the matter. Computed values of chi-
square were not significant (P . 0.5) at
each of the 3 regions (Hafner 1982). The
data could not distinguish between the ob-
served array of diploid numbers and that
expected from the binomial probability dis-
tribution. This result is consistent with the
null hypothesis of random diffusion into the
zone; it provides no evidence for selection
against F1s or backcrosses.

Hafner (1982) concluded that diploid
numbers were distributed randomly across
the zone; however, that does not necessarily
mean that chromosomal phenotypes are
randomly distributed. This is because the
same diploid numbers, except in the case of
pure parental types, can be represented by
several different cytotypes (1 cytotype, 2n
5 38; 3 cytotypes, 2n 5 39; 6 cytotypes,
2n 5 40; 7 cytotypes, 2n 5 41; 6 cytotypes,
2n 5 42; 3 cytotypes, 2n 5 43; 1 cytotype,
2n 5 44; Table 1). One cannot statistically
conclude that the distribution of chromo-
somal phenotypes is random according to
this binomial model.

In summary, 4 interpretations of the
chromosomal cline of U. bilobatum cur-
rently are found in the literature. The 1st is
that little contact occurs between parental

cytotypes coupled with meiotic problems in
the production of F1s, positive heterosis oc-
curs among those backcrosses that are pro-
duced, and secondary contact occurs with
the southeastern convexum form replacing
the northwestern davisi form through phy-
letic evolution (Baker 1981). The 2nd is
that a zone occurs characterized by primary
contact with introgressive hybridization
limited to immediate zonal area; davisi and
convexum forms are enroute to full species
status (Greenbaum 1981). The 3rd is that
significant contact occurs between parental
types through dispersion; a moderate but bi-
ologically significant burden is imposed on
the F1s and backcrosses by negative heter-
osis with the contact zone functioning as a
genetic sink (Barton 1982). The 4th is that
selection does not need to be invoked be-
cause the selection gradient is very weak;
data are consistent with a model of random
diffusion, and secondary neutral contacts
are plausible (Hafner 1982).

Here, data from a single cline have led
to 4 distinct, and to some degree mutually
exclusive, interpretations. As a matter of
pure logic, both Barton (1982) and Hafner
(1982) cannot be correct. Barton could be
correct and Hafner wrong or vice versa.
They can both be wrong, and Baker (1981)
can be correct. Reasoning in the same vein,
both Baker (1981) and Greenbaum (1981)
cannot be correct. Other permutations exist.
Of course, all 4 possibly are wrong to vary-
ing degrees.

A different contact zone in bats.—Only 1
other chromosomal contact zone has been
studied in bats, and it is of a very different
nature. The reported diploid numbers of
members of the Rhogeessa tumida complex
(Chiroptera: Vespertilionidae) are 30, 32,
34, 42, 44, and 52 (Baker 1984; Bickham
and Baker 1977; Honeycutt et al. 1980).
Each of those karyotypic variants, when de-
scribed, was thought to represent variation
within the boundary of a single species. If
that evaluation were correct, then R. tumida
and U. bilobatum would be similar in the
sense that within the limits of each species,
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several diploid complements occur in na-
ture.

By using chromosomal data, Baker
(1981) reduced a part of this diploid vari-
ation by removing the 2n 5 42 form and
naming it as a distinct species, Rhogeessa
genowaysi. Genoways and Baker (1996)
recognized 7 species within the R. tumida
complex.

Unlike U. bilobatum, members of the R.
tumida complex do not commonly occur in
sympatry; parapatry seems to characterize
species distributional boundaries at a geo-
graphic scale. Genoways and Baker (1996)
hypothesized that the pattern of geographic
parapatry came about from the speciation
of a once widespread single species and that
the relationships among species usually re-
flected associations of geographical para-
patry.

A fundamental difference between mem-
bers of the R. tumida complex and U. bi-
lobatum davisi–convexum complex is that
where karyotypic variants of the R. tumida
complex meet, no introgression has been
demonstrated to occur and that where kar-
yotypic variates of U. bilobatum meet, in-
trogression has been demonstrated to occur.
Baker and Bickham (1986) used the phe-
nomenon of sibling species, identified by
karyotypic variation, as an empirical basis
for a model of speciation by monobrachial
fusions.

A rodent hybrid zone.—Van Den Bussche
et al. (1993) studied a hybrid zone between
2 chromosomal races of the white-footed
mouse (Peromyscus leucopus). Van Den
Bussche et al. (1993) and Chesser et al.
(1996) conceptualized the dynamics of nar-
row hybrid zones within the broad frame-
work of 3 distinct models: the dynamic-
equilibrium model (Moore 1977), the hy-
brid-superiority model (Moore 1977), and
the hybrid-equilibrium model (Endler
1977). The dynamic-equilibrium and hy-
brid-superiority models represent the ex-
tremes of a continuum, with hybrid-equilib-
rium being intermediate. Importantly, each

model results from different underlying bi-
ological phenomena.

The clines of U. bilobatum and P. leu-
copus (Baker et al. 1987; Stangl 1986) have
several features in common. Both are char-
acterized by a narrow tension zone, with the
Uroderma zone having a 20/80 width esti-
mated at 35 km and the Peromyscus zone
a width of 30.6 km. It is noteworthy that
both volant and small nonvolant mamma-
lian species have zonal widths that are sim-
ilar in length. The capacity to fly, in and of
itself, may be of little significance in estab-
lishing the long-term width of a contact
zone. In both the mouse and the bat, all
known genetic markers, except for the mi-
nor allelic markers used by Greenbaum
(1981), are distributed asymmetrically (Nel-
son et al. 1987), that is, 1 form is more
introgressed into its counterpart than the
other.

In his summary statements, Barton
(1982) placed the Uroderma cline in a po-
sition that would be near the dynamic-equi-
librium model. However, his reiterated as-
sertion that the population is near Hardy-
Weinberg equilibrium would seem to be
consistant with a position near the hybrid-
equilibrium model (Endler 1977). Actually,
data are too few to give much confidence
in choosing 1 model over the other. Barton
(1982:864) himself implied this when he
wrote in reference to his own paper, ‘‘This
discussion probably goes further than is jus-
tified by the limited size of the sample and
the approximate mathematics.’’

Samples 6 and 6T are separated by only
about 4.2 km, potentially a short distance
for a volant species. Both localities are sit-
uated in the coastal lowlands southwest of
Nacaome, Honduras. The topography is
flat. Habitat consists of a patchwork of pas-
ture and plantations of sugarcane and ba-
nana, with occasional orchards of mango
trees. Little natural vegetation remains. To
the human eye, habitat at localities 6 and
6T appears to be quite homogeneous. How-
ever, locality 6T (with a sample . 6) did
not contain a single representative of the 38
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parental form. Nor did it have a specimen
with a diploid number of 40 (Table 1). If
these data are representative of nature, then
they suggest that the zone of contact be-
tween the 2 parental cytotypes is very nar-
row indeed and that selection against re-
combinant forms may be stronger than was
formally supposed. Sample 6T was like
sample 6 in the sense that in both the cy-
totype 2n 5 44 was by far the most abun-
dant parental form.

The contact zone is characterized by a
number of semi-isolated habitat patches that
may approach a dynamic equilibrium over
appropriate time scales. The many large ag-
ricultural fields in the area lack trees and
could serve as barriers to dispersal. Both
parental cytotypes migrate into the zone,
but it is a matter of chance as to whether
both or only 1 of them arrive at and colo-
nize the same habitat patch. Under this hy-
pothesis, gene dispersal would not be con-
tinuous but stepwise, a step being the dis-
tance between 1 habitat patch and another.
It is interesting to speculate that the nature
of the present-day contact zone is a product
of patch dynamics, mediated by human in-
tervention into a natural ecosystem, through
the creation of an agricultural habitat mo-
saic.

Collection localities near the Gulf of
Fonseca zig and zag such that they do not
represent an orthogonal trajectory outward
from the contact zone. A worthwhile pro-
ject would be to draw a straight line on a
map and sample away from the zone at
closely spaced intervals. If this design dem-
onstrated that genotype frequencies change
from 20% to 80% across a short distance
of 10–15 km, then that would strongly sup-
port the argument for selection.

ACKNOWLEDGMENTS

Valuable field assistance was provided S. Or-
tiz, N. Salinas, R. Bradley, and P. Dávila. We
thank the Departments of Wildlife Conservation
in Nicaragua, Honduras, and El Salvador for
collection and exportation permits.

LITERATURE CITED

BAKER, R. J. 1970. The role of karyotypes in phylo-
genetic studies of bats. Pp. 303–312 in About bats
(B. H. Slaugher and D. W. Walton, eds.). Southern
Methodist University Press, Dallas, Texas.

BAKER, R. J. 1979. Karyology. Pp. 303–3122 in Bi-
ology of bats of the New World family Phyllosto-
matidae, part III (R. J. Baker, J. K. Jones, Jr., and
D. C. Carter, eds.). Special Publications, The Mu-
seum, Texas Tech University, Lubbock.

BAKER, R. J. 1981. Chromosome flow between chro-
mosomally characterized taxa of a volant mammal,
Uroderma bilobatum (Chiroptera: Phyllostomati-
dae). Evolution 35:296–305.

BAKER, R. J. 1984. A sympatric cryptic species of
mammal: a new species of Rhogeessa (Chiroptera:
Vespertilionidae). Systematic Zoology 33:178–183.

BAKER, R. J., W. R. ATCHLEY, AND V. R. MCDANIEL.
1972. Karyology and morphometrics of Peters’ tent-
making bat, Uroderma bilobatum Peters (Chiroptera,
Phyllostomatidae). Systematic Zoology 21:414–429.

BAKER, R. J., AND J. W. BICKHAM. 1986. Speciation by
monobrachial centric fusions. Proceedings of the
National Academy of Sciences of the United States
of America 83:8245–8248.

BAKER, R. J., W. J. BLEIER, AND W. R. ATCHLEY. 1975.
A contact zone between karyotypically characterized
taxa of Uroderma bilobatum (Mammalia: Chirop-
tera). Systematic Zoology 24:133–142.

BAKER, R. J., AND G. LOPEZ. 1970. Chromosomal var-
iation in bats of the genus Uroderma (Phyllosto-
matidae). Journal of Mammalogy 51:786–789.

BAKER, R. J., AND V. R. MCDANIEL. 1972. A new sub-
species of Uroderma bilobatum (Chiroptera: Phyl-
lostomatidae) from Middle America. Occasional Pa-
pers, The Museum, Texas Tech University, Lubbock
7:1–4.

BAKER, R. J., M. B. QUMSIYEH, AND C. S. HOOD. 1987.
Role of chromosomal banding patterns in under-
standing mammalian evolution. Pp. 67–96 in Cur-
rent mammalogy (H. H. Genoways, ed.). Plenum
Press, New York.

BARROWCLOUGH, G. F. 1980. Gene flow, effective pop-
ulation sizes and genetic variance components in
birds. Evolution 34:789–798.

BARTON, N. H. 1982. The structure of the hybrid zone
in Uroderma bilobatum (Chiroptera: Phyllostomati-
dae). Evolution 36:863–866.

BICKHAM, J. W., AND R. J. BAKER. 1977. Implications
of chromosomal variation in Rhogeessa (Chiroptera:
Vespertilionidae). Journal of Mammalogy 58:448–
453.

BUSH, G. L., S. M. CASE, A. C. WILSON, AND J. L.
PATTON. 1977. Rapid speciation and chromosomal
evolution in mammals. Proceedings of the National
Academy of Sciences of the United States of Amer-
ica 74:3942–3946.

CHESSER, R. K., R. D. BRADLEY, R. A. VAN DEN BUS-
SCHE, M. J. HAMILTON, AND R. J. BAKER. 1996.
Maintenance of a narrow hybrid zone in Geomys:
results from contiguous clustering analysis. Pp. 35–
35 in Contributions in mammalogy: a memorial vol-
ume honoring Dr. J. Knox Jones, Jr. The Museum,
Texas Tech University, Lubbock.



OWEN AND BAKER—CHROMOSOMAL CLINE IN URODERMA BILOBATUMNovember 2001 1113

ENDLER, J. A. 1977. Geographical variation, clines and
speciation. Monograph in population biology.
Princeton University Press, Princeton, New Jersey.

GENOWAYS, H. H., AND R. J. BAKER. 1996. A new spe-
cies of the genus Rhogeessa, with comments on geo-
graphic distribution and speciation in the genus. Pp.
83–87 in Contributions in mammalogy: a memorial
volume honoring Dr. J. Knox Jones, Jr. The Muse-
um, Texas Tech University, Lubbock.

GREENBAUM, I. F. 1981. Genetic interactions between
hybridizing cytotypes of the tent-making bat (Urod-
erma bilobatum). Evolution 35:306–321.

GREENWOOD, P. J., AND P. H. HARVEY. 1976. The adap-
tive significance of variation in breeding area fidelity
of the blackbird (Turdus merula L.). The Journal of
Animal Ecology 45:887–898.

HAFNER, J. C. 1982. Genetic interactions at a contact
zone of Uroderma bilobatum (Chiroptera: Phyllos-
tomidae). Evolution 36:852–862.

HONEYCUTT, R. L., R. J. BAKER, AND H. H. GENOWAYS.
1980. Results of the Alcoa Foundation–Suriname
expeditions. III. Chromosomal data for bats (Mam-
malia: Chioptera) from Suriname. Annals of Car-
negie Museum 49:237–250.

LANDE, R. 1979. Effective deme sizes during long-term
evolution estimated from rates of chromosomal evo-
lution. Evolution 33:234–251.

MAY, R. M., J. A. ENDLER, AND R. E. MCMURTRIE.
1975. Gene frequency clines in the presence of se-
lection opposed by gene flow. The American Natu-
ralist 109:659–676.

MOORE, W. S. 1977. An evaluation of narrow hybrid

zones in vertebrates. The Quarterly Review of Bi-
ology 52:263–277.

NELSON, K., R. J. BAKER, AND R. L. HONEYCUTT. 1987.
Mitochondrial DNA and protein differentiation be-
tween hybridizing cytotypes of the white-footed
mouse, Peromyscus leucopus. Evolution 41:864–
872.

SAGE, R. D., AND R. K. SELANDER. 1979. Hybridization
between species of the Rana pipens complex in cen-
tral Texas. Evolution 33:1069–1088.

SOKAL, R. R., AND F. J. ROHLF. 1981. Biometry: the
principles and practice of statistics in biological re-
search. 2nd ed. W. H. Freeman and Company, San
Francisco, California.

STANGL, F. B., JR. 1986. Aspects of a contact zone
between two chromosomal races of Peromyscus leu-
copus (Rodentia: Cricetidae). Journal of Mammalo-
gy 67:465–473.

VAN DEN BUSSCHE, R. A., R. K. CHESSER, M. J. HAM-
ILTON, R. D. BRADLEY, C. A. PORTER, AND R. J. BAK-
ER. 1993. Maintenance of a narrow hybrid zone in
Peromyscus leucopus: a test of alternative models.
Journal of Mammalogy 74:832–845.

WHITE, M. J. D. 1978. Modes of speciation. W. H.
Freeman and Company, San Francisco, California.

WILSON, A. C., G. L. BUSH, S. M. CASE, AND M. C.
KING. 1975. Social structuring of mammalian pop-
ulations and rate of chromosomal evolution. Pro-
ceedings of the National Academy of Sciences of
the United States of America 72:5061–5065.

Submitted 22 July 1999. Accepted 5 February 2001.

Associate Editor was Meredith J. Hamilton.


