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INTRODUCTION 

Speciation, the process by which one species is transformed into 

two sister species is the essential element of neo-Darwinian evolution. 

It is the genetic interactions that occur between divergent populations 

within a species (if and when these populations attain contact) that 

determine the evolutionary fate of the populations. Differentiation of 

populations in contact is thought to be prevented by gene flow, and 

speciation is dependent upon the interruption of that flow. Measurements 

of the genetic interactions between diverging (speciating) populations 

are difficult to obtain, and estimates of the amount of genetic 

differentiation which accompanies speciation are inferential and have 

resulted in most cases from studies of populations that have completed 

speciation and which, therefore, have passed the critical point beyond 

which hybridization no longer occurs. The main obstacles to measuring 

gene flow between speciating types include difficulties in identifying 

proper biological situations to study the problem and difficulties in 

obtaining accurate measurements of genetic distinctness (Baker, 1978). 

In order to measure the genetic interactions that may accompany 

speciation, first it is necessary to identify populations within a 

species that have diverged and in which speciation is actively 

occurring. Additionally, it is necessary to be able to identify within 

this situation, individuals which are products of primary (referred to 

as F-jS) and secondary crossing (referred to as backcrosses) between the 

divergent populations. 
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Morphological characters in vertebrates have not proven sensitive 

enough to genetic change to be of use in identifying or characterizing 

situations in which speciation is occurring (Baker, 1978). Mammals in 

particular exhibit few phenotypic variants of the type widely used for 

genetic studies of invertebrates such as Drosophila. Measurements of 

gene flow between once allopatric populations that have regained contact 

cannot be obtained with any degree of accuracy from measurements of 

morphological characteristics. Even when interpreted with the use of 

the most sophisticated multivariate techniques, measurements of 

morphological characters cannot be used to positively identify F-, and 

backcross individuals or measure genetic interactions between divergent 

populations. 

Karyotypic analyses have proven to be a useful means for 

identifying zones of contact between divergent types. Chromosomal 

analyses of karyotypically distinct populations have led investigators 

to conclusions which range from: no gene flow or hybridization between 

cytotypes (Davis and Baker, 1974; Thaeler, 1974; Greenbaum and Baker, 

1976); no gene flow between cytotypes which hybridize (Patton et al., 

1972; Nevo and Shaw, 1972; Patton, 1973); low level gene flow between 

hybridizing cytotypes (Hall and Selander, 1973); and extensive 

hybridization and gene flow between cytotypes (Thaeler, 1974; Wahrman 

and Gourevitz, 1973; Wahrman and Goitein, 1972; Baker et al., 1975; 

and Pembleton and Baker, 1978). 

Correlations of chromosomal and electrophoretic data should be 

of great value in analysing situations of actual or potential 



hybridization. Such correlations can be used to estimate the amount of 

gene flow between chromosomally divergent populations across an area of 

hybridization as defined by karyotypic polymorphism. The value of 

correlating chromosomal and electrophoretic data in such situations is 

documented by the studies of Hall and Selander (1973), Patton e^ al. 

(1972), Nevo and Bar-El (1976), and Greenbaum and Baker (1976). In 

one case studied (Sceloporus, Iguanidae; Hall and Selander, 1973) 

introgression across "wery narrow zones of hybridization" was suggested 

between parapatrically distributed chromosomal races. In none of their 

(Hall and Selander, 1973) transects was the zone of karyotypic 

heterozygosity more than 400 m wide. Types of Sceloporus were concluded 

to be independently evolving biological species maintaining themselves 

in the absence of effective premating isolating mechanisms. Measurements 

of the genetic interactions of speciation await the application of these 

techniques to organisms actively undergoing this process. 

The tent-making bat Uroderma (Chiroptera: Phyllostomatidae) is 

distributed at low elevations from southern Mexico southward through 

tropical South America. Two sibling species, [[. bilobatum and L[. 

magnirostrum, are recognized based on morphological characters (Davis, 

1968). The two species are broadly sympatric although l[. magni rostrum 

seems to be absent from the Atlantic versant of Middle America. 

Uroderma magnirostrum displays little geographic variation and is 

considered a monotypic species. The diploid number for L[. magni rostrum 

is 36 (Baker and Lopez, 1970). 



An extensive zone of intergradation between karyotypically 

distinct types of Uroderma bilobatum has recently been described 

(Baker etal-, 1975; Baker, 1978). Uroderma bilobatum has been divided 

into six subspecies based on morphological and karyological variation 

(Davis, 1968; Baker and McDaniel, 1972). Chromosomal variation within 

this species (2n=38-44) is more extensive than that known for any other 

bat species (Baker, 1978). 

Chromosomally, the subspecies of y. bilobatum are characterized 

as follows: L[. b̂ . davisi, 2n=44 (Baker and McDaniel, 1972) from Oaxaca, 

Mexico, southward to Central Honduras; L[. b̂ . convexum, 2n=38, Pacific 

coast of Middle America from central Honduras and Panama into northern 

South America; l[. Jb. molaris, 2n=38, Atlantic versant of Middle America 

from southern Veracruz, Mexico, to Bocas del Toro, Panama; L[. b̂ . 

bilobatum, 2n=42, northern South America; U_. b_. thomasi, not known 

karyotypically, in northwestern South America; U_. b̂ . trinitatum, 2n=42, 

Trinidad. 

Uroderma bilobatum davisi (2n=44) and jj. b̂ . convexum (2n=38) 

form a hybrid zone that extends along the Pacific coast of Middle 

America from southern El Salvador to northwestern Nicaragua (Baker et_ 

al., 1972; Baker et al., 1975; Baker, 1978). Uroderma bilobatum within 

this zone include individuals with diploid values of 38 to 44, including 

all intermediate diploid numbers. Individuals with intermediate 

karyotypes have not been reported from outside of the hybrid zone 

(northwest of La Herradura, El Salvador, or southeast of Chinandega, 

Nicaragua). 



G- and C-band analyses indicate that the chromosomal differences 

between the two parental types (davisi, 2n=44 and convexum, 2n=38) 

involve three separate events, two fission-fusion events and a terminal 

translocation (Baker, 1978). In each case 2n=44 individuals will have 

two chromosomes that are homologous to one chromosome in 2n=38 

individuals. The nature of the chromosomal polymorphism is such that 

any individual may have its chromosomal phenotype determined from a 

standard karyotype for each of the three alterations. Baker (1978) has 

designated the three chromosomal rearrangements as A(a), B(b), and C(c). 

Uppercase letters were used to denote the chromosomal phenotype of 

davisi; lower case letters, those of convexum. An individual of davisi 

(2n=44) then would be AA, BB, CC, whereas one of convexum (2n=38) would 

be aa, bb, cc. Each upper case condition in the chromosomal phenotype 

raises the diploid number above 38 by one. All other homologs between 

the two cytotypes are indistinguishable by G-band patterns. A primary 

cross (F,) between the two parentals would of necessity have 2n=41 and 

have a phenotype for the three alterations of Aa, Bb, Cc. None of the 

chromosomes involved in the intraspecific variation described above 

have major associations of heterochromatin as detected by C-bands 

(Baker, 1978). 

The zone from which individuals of U_. bilobatum have karyotypes 

intermediate between davisi and convexum are known is approximately 

200 km in length. Because Uroderma is restricted to relatively low 

elevations, the zone probably does not exceed 100 km in width and 

probably is considerably narrower at some places. Baker (1978) 



reported that 2n=44 and 2n=38 individuals were taken sympatrically at 

only one locality between Nacaome and Choluteca, Honduras, and that 

most of the individuals taken at this locality had intermediate 

karyotypes. Baker (1978) suggested that the area of overlap for the 

parental types probably does not exceed 30 km, and, that away from the 

central part of the zone, parental cytotypes probably do not come into 

contact. Individuals with intermediate karyotypes occur at reduced 

frequencies north and south of this central part of the zone (Baker, 

1978, Table 2). Based on analyses of 333 specimens from the hybrid 

zone. Baker (1978) concluded that there is clearly a pattern of 

selective chromosomal flow between cytotypes and that the chromosomal 

data fit the pattern of introgression in which some chromosomes are 

allowed to enter the "chromosomal pool" of another type by hybridization 

and backcrossing but that transmission of other chromosomes is selected 

against. 

The biological situation described above for Uroderma bilobatum 

davisi and U[. b̂ . convexum appears to provide a unique set of 

circumstances in which to study the speciation process. The divergent 

populations are readily recognizable by karyotypic features. Hybrid 

and backcross individuals between the types are karyotypically 

distinguishable from both parental types and from each other (although 

some small percentage of backcross individuals will reconstitute 

parental or hybrid chromosomal phenotypes). Hybrids are sufficiently 

fertile that backcross individuals are produced, and the resulting 

chromosomal polymorphism apparently persists for several generations 



(Baker, 1978). This and the overall length of the zone of hybridization 

suggest that selection against hybrid and backcross individuals is 

relatively low. Multivariate morphological analyses of the complex 

have documented considerable phenotypic overlap of the parental stocks 

(Baker et al., 1975). These authors concluded that considerable gene 

flow was occurring between U_. b_. davisi and l[. b̂ . convexum and that the 

types obviously have not completed speciation. Detailed analyses of 

G- and C-band chromosomal patterns for this complex (discussed above) 

however, led Baker (1978) to suggest that the extent of gene flow across 

the intergrade zone might be less than originally thought, based on 

standard karyology and morphological characters. All data indicate that 

the two divergent chromosomal races of Uroderma bilobatum may actively 

be undergoing speciation and that hard data on the genetics of 

speciation might be obtained through the combined application of 

electrophoretic and karyotypic techniques to this complex. 

An examination of karyotypic evidence for major groups of animals 

(Wilson et̂  al., 1975) reveals that within species individuals usually do 

not vary with respect to the autosomal complements (numerous exceptions 

including Uroderma are documented however). Within individual genera 

however, species often differ from one another karyotypically and 

species in different genera almost always are characterized by 

chromosomal alterations. Phyllostomatid bats are a good example of this 

general trend (Baker, 1973; 1978). The magnitude of karyotypic 

divergence within and between the two Uroderma species suggests that 

chromosomal differentiation has played an important role in the 
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evolution of this genus. The fact that Wilson et al. (1975) and Bush 

et il. (1977) view bats as having undergone "unusually slow karyotypic 

evolution" relative to other mammals is an artifact of their technique 

for estimating the rate of karyotypic change. These authors only 

considered organisms for which there is a fossil record. Although bats 

comprise the second largest mammalian order, they remain one of the 

least known groups in terms of a fossil record (Smith, 1976). It might 

be of coincidence that bats for which there is some fossil record are 

characteristically quite stable karyotypically. The family 

Phyllostomatidae because of its tropical distribution and cave and 

forest dwelling habits has a particularly depauperate fossil record. 

Wilson ei ll. (1975) and Bush et al. (1977) account for the slow rate 

of karyotypic evolution in bats by the high mobility of bat species 

limiting their ability to establish small isolated populations. As 

will be discussed, genie data support the contention that social 

structuring of phyllostomatid bats does not result in populations that 

are small, semi-isolated and adapted to inbreeding. The amount of 

karyotypic divergence between phyllostomatid species and genera (Baker, 

1973; 1978) and that this group probably has been evolving since no 

earlier than the late Oligocene (Smith, 1976) suggest that this group 

is not characterized by "unusually slow karyotypic evolution." 

Numerous authors have addressed the relationships between 

chromosomal rearrangements and speciation. Chromosomes must proceed 

through meiosis in an orderly fashion, relegating the karyotype to a 

unique position in evolution since any chromosomal alteration that 



results in the production of a reduced number of viable gametes will be 

selected against. Numerous examples of such rearrangements between 

(and in some cases within) species have been documented. The study of 

speciation in groups that are chromosomally divergent must be 

considered as special cases because the chromosomal interactions might 

constitute the primary isolating mechanism (Baker, 1978). 

Models of chromosomal speciation have been proposed and 

discussed at length (Key, 1968; White, 1968, 1969, 1973; Mayr, 1969, 

1970; Stebbins, 1971; Arnason, 1972; Hall, 1973; Bush, 1975; Wilson 

^ al., 1975; Bush, 1975; Bush et al., 1977). All of these authors 

agree that chromosomal rearrangements substantially reduce the fitness 

of the heterozygotes due to meiotic malassortment, but that such a 

rearrangement could occasionally become fixed in a small (at least) 

semi-isolated population due to genetic drift and inbreeding. Although 

these and several other considerations could explain chromosomal 

divergence and speciation for animals of low vagility which display 

semi-isolated population structures, parameters which increase the 

effects of genetic drift cannot be applied to many vertebrate groups 

that display chromosomal divergence. Chromosomal analysis of the 

hybrid complex formed between IJ. b̂ . davisi and \J_. b_. convexum suggests 

that rearrangement heterozygotes do not display significantly reduced 

fitness. Additionally, there are no data to suggest that populations 

of these potentially highly vagile animals represent small isolated 

genetic islands which are effected by inbreeding and genetic drift. 
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The involvement of chromosomal rearrangements and the broadly 

overlapping zone of intergradation between the divergent types of 

Uroderma bilobatum have led to questions regarding the evolutionary 

origin of this complex. The pattern of chromosomal differentiation 

in L[. bilobatum is suggestive of White's (1969) stasipatric speciation 

model. According to Baker (1978) several points are critical in 

evaluating the Uroderma situation in light of previously proposed 

modes of speciation. White's model requires that any existing zone 

of parapatry be the product of primary contact. It is not possible to 

determine definitely whether the zone of intergradation between L[. b̂ . 

davisi and L[. b̂ . convexum is the result of primary or secondary 

contact. In a discussion of modes of animal speciation. Bush (1975) 

has outlined the biological properties pertinent to the various modes. 

Bush classified stasipatric speciation as a type of parapatric 

speciation and contended that speciation by this mode is contingent 

upon the following correlates: the species involved are reproductively 

r-strategist; vagility is low; speciation is accompanied by a shift to 

a new niche; populations have relatively low levels of heterozygosity 

and are normally under regimes of homoselection; chromosomal 

rearrangements frequently are associated with speciation; structural 

gene changes are minor; speciation is usually rapid with some initial 

gene flow between types. Although chromosome arrangements frequently 

are responsible for initiation of parapatric speciation, little or no 

genie differentiation occurs even after speciation has been completed. 
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Bats in general would fall into Bush's type la class organisms 

which typically have high vagility and are K-selected. Speciation in 

type I organisms is envisioned as occurring allopatrically by 

subdivision. These organisms are thought to treat the environment as 

fine-grained with suitable resources being encountered frequently. 

Subsequently, according to Bush, these types of organisms would not be 

likely to undergo parapatric or sympatric speciation. Type la mammals 

however are generally characterized by little chromosomal evolution. 

Chromosomal rearrangements, when present, are not thought to be 

associated with speciation in these organisms. Uroderma then seems to 

present an intermediate case failing to comply with major correlates 

of all and therefore not readily assignable to any of Bush's speciation 

modes. 

Allopatric speciation requires the accumulation of numerous 

genetic changes during a period of complete geographic isolation and 

therefore is necessarily a long-term process (Mayr, 1970). As a direct 

result of the time involved in allopatric speciation, the genie 

similarity between animal species that have been derived via this mode 

is generally low. Populations that have completed speciation usually 

are completely distinct in allelic composition at one-third or more 

of genetic loci (Avise, 1976). If the chromosomal differences between 

the cytotypes of Uroderma bilobatum developed during a long period of 

geographic isolation, then it can be predicted that the races would 

have accumulated a substantial amount of genie difference. Conversely, 
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if the current distribution of cytotypes of Uroderma has developed via 

a sympatric or parapatric mode, then a low level of genie divergence 

would be expected. 

The primary biological questions to be addressed by an 

electrophoretic and chromosomal analysis of the Uroderma bilobatum 

complex are summarized as follows: (1) What are the patterns of 

biochemical variation as they occur in the two parental cytotypes and 

across the zone of hybridization? How do the patterns of biochemical 

variation correlate with the patterns suggested by the chromosomal 

data? Is the genie divergence of the cytotypes correlated with the 

boundaries of the zone of hybridization? Are the chromosomal data an 

accurate prediction of the genie variation? (2) To what extent does 

gene flow occur across the hybrid zone between the cytotypes? Are the 

implications of the chromosomal data concerning the degree of gene 

flow the same as those obtained by direct measurements based on 

electrophoretic data? Does the chromosomal variation across the zone 

function as a barrier to gene flow? (3) Is the L[. b̂ . davisi - Ul. b̂ . 

convexum complex actively undergoing speciation, and, if so, to what 

extent have the parental cytotypes progressed toward completion of this 

process? Some indication of the level of similarity that may be 

characteristic of full species in Uroderma can be obtained from a 

comparison of similarity of U.. magni rostrum to IJ_. bilobatum. If active 

speciation is indicated, what genie characteristics are associated with 

this process? Has the magnitude of karyotypic divergence been 

paralleled by genie divergence or does the involvement of chromosomal 
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rearrangements permit speciation accompanied by little change at the 

genie level? (4) Do electrophoretic and chromosomal data support 

allopatric or parapatric (sympatric) evolution of this complex? Is 

parapatric speciation restricted to r-selected organisms with low 

vagility (as suggested by Bush, 1975), or can chromosomal 

rearrangements result in sufficient reduction in gene flow to serve 

as the isolation mechanism for parapatric speciation without being 

accompanied by parameters that increase genetic drift? and (5) What 

is the probable fate of the \i_. b̂ . davisi - L[. b̂ . convexum complex? 

Several possible endpoints may be envisioned (Baker, 1978). If the 

divergent karyotypic races are actively undergoing speciation, the 

ultimate outcome could be the attainment of specific status. Another 

possibility is that one of the races is destined to replace the other 

either by genetic swamping or competition. A third possibility is 

that the zone of intergradation is in equilibrium and will remain 

stable, the subspecies being maintained as conspecifics by gene flow. 

A seemingly less likely possibility is that the interaction will result 

in the production of a stable intermediate form (for example 2n=42) 

which may then replace the current cytotypes. 

There is little question that the Uroderma situation provides a 

rare opportunity to examine the nature of genetic interactions between 

divergent populations. The author is aware of no other organism in 

which: (1) divergent populations of the same species are readily 

identifiable by nonarbitrary means; (2) hybridization and backcrossing 

are not particularly rare and the products of such matings apparently 
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are not strongly selected against; (3) F̂  and backcross products are 

distinguishable from each other and from the parental types; and 

(4) the zone of intergradation between the divergent populations 

covers an extensive geographic area. 



METHODS AND MATERIALS 

Karyotypic procedures used were described by Baker (1970). All 

specimens of Uroderma bilobatum from within the ranges of LI. b̂ . 

convexum and Û . b̂ . davisi were karyotyped and scored for chromosomal 

phenotypes as described by Baker (1978). Heart, liver, and kidney of 

all specimens were extracted and maintained in liquid nitrogen until 

processed. Heart and kidney extracts were processed together and 

homogenates were stored at -90° C. Techniques of tissue preparation, 

electrophoresis and biochemical staining were similar to those 

described in Selander et al. (1971) and Greenbaum and Baker (1976). 

Specific buffer systems and staining procedures are indicated in 

Table 1. All gels were made using Electrostarch (Lot 371, Otto Hi Her, 

Madison, Wisconsin). 

For each locus the allele occurring in the highest frequency in 

Uroderma bilobatum davisi was designated as 100 if migration was anodal 

or -100 if cathodal. Other allozymic bands and their corresponding 

alleles were designated numerically as to the percent of migration 

compared to the 100 (or -100) allele. The locus in a system with the 

greatest migration was designated "1"; loci with progressively slower 

migration rates received progressively higher numerical designations. 

Direct side-by-side comparison of mobilities on the same gel was used 

for the comparison of alleles. Following Selander (1976), a locus is 

defined as polymorphic if the frequency of the most common electromorph 

is equal to or less than .99 at two or more localities. 

15 



Table 1.—Gel types and biochemical staining procedures used in tliis study. 
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3ei Type issue 
Voltage or 

Mi 111 amperage 
Time 
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Citrate i 
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Citrate 11 
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Malic enzyme (Me) 
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Glucose-6-ohosDhate 

dehydrogenase (Goo) 
Indophenol oxiaase (I?o) 

5-?hosphogluconate 
aehydrogenase (o-^'gd) 
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Coefficients of genetic similarity and distance were calculated 

for paired combinations of all populations. Two measurements of 

similarity were calculated: S (Rogers, 1972) and I, the electrophoretic 

identity between taxa for a given number of average codon differences 

per locus (Nei and Chrakraborty, 1973). D, a measure of the genetic 

distance based on gene differences detectable by electrophoresis (Nei 

and Chrakraborty, 1973) also was calculated. 

The matrices generated by the above procedures were then 

subjected to a cluster analysis utilizing the UPGMA option from the 

NT-SYS package developed by Rohlf and Kishpaugh (1972). 

Specimens were collected with mist nets. Some samples were 

collected during the day by surrounding day roosts with nets and 

disturbing the bats from the roosts. On some occasions, when extensive 

effort to locate tents proved unsuccessful, night netting at the same 

locality produced an adequate sample of Uroderma. 

Collections were made during May and June of 1975 and 1977. 

Karyotypic analyses of individuals collected in 1975, including 149 

specimens from the hybrid zone, are included in the chromosomal 

characterization of the davisi-convexum complex presented by Baker 

(1978). 

Specimens examined in this study were collected at the 

following localities (the numbers in parentheses refer to the 

localities plotted on Figure 1). (1) Mexico: Chiapas; 23.6 mi NW 

Huixtla, N=54; (2) Guatemala: Santa Rosa; 1.0 mi E Taxisco, N=36; 

(3) El Salvador: La Paz; 3.0 mi NW La Herradura, N=15; (4) El Salvador: 
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Usulatan; 3.0 mi E Usulatan, N=30; (5) Honduras: Valle; 10.0 mi SSW 

Nacaome, N=25; (6) Honduras: Choluteca; 10.2 mi NW Choluteca, N=12; 

(7) Honduras: Choluteca; 11.5 mi SW Choluteca, N=38; (8) Nicaragua: 

Chinandega; 3.5 mi NW Chinandega, N=33 and 1.5 mi S Chinandega, N=13; 

(9) Nicaragua: Leon, 2.1 mi SSE Leon, N=44; (10) Costa Rica: 

Guanacaste; 10.0 mi SSE Canas, N=13 and San Jose; 41.2 mi SW Canas, 

N=13; (11) Costa Rica: San Jose; 12.3 mi SSE San Isidro del General, 

N=25; (12) Costa Rica: Puntarenas; 2.1 mi S, 1.1 mi E San Vito, N=13; 

(13) Nicaragua: Zelaya; 4.5 km NW Rama, N=15; (14) El Salvador: 

Usulatan; 3.0 mi E Usulatan, N=26. Localities 1 and 2 represent 

samples of U_. bi. davisi and 9 through 12 samples of l[. b̂ . convexum. 

For convenience of discussion these localities are referred to as pure 

samples defined as samples in which the effects of intergradation 

between cytotypes is less than 1% of the chromosome frequency. Samples 

from localities 3 through 8 are from within the hybrid zone and may 

contain individuals of both subspecies as well as hybrids and 

backcrosses. Locality 13 represents a sample of L[. b̂ . molaris. 

Population 14, a sample of Uroderma magnirostrum was collected at the 

same site as was sample 3. 



RESULTS 

Karyology 

For l[. b̂ . davisi, localities 1 and 2 constitute pure 2n=44 

samples. All individuals from these localities (with the exception of 

a single individual from locality 2) had diploid values of 44. The 

one variant individual from locality 2 was heterozygous for the "B" 

chromosomal phenotype. The presence of this one chromosomally variant 

individual is not considered adequate to justify calling this locality 

a hybrid sample. For L[. b̂ . convexum, samples 9-12 are considered as 

pure 2n=38 localities. All individuals from these localities had 

diploid values of 38. 

Localities 3-8 span the range of the hybrid zone between the 

two parental cytotypes. Frequencies of occurrence of diploid values 

and of each of the individual chromosomal phenotypes are given in 

Tables 2 and 3, respectively. One individual taken at locality 7 had 

2n=37. This individual was aa, bb, cc, but also contained a centric 

fusion which produced a single metacentric chromosome that was 

distinguishable from other biarmed chromosomes of its karyotype by its 

more medially positioned centromere. Frequencies for each of the 27 

possible chromosomal phenotypes at each locality and the proportion of 

each diploid value represented by each of the possibly phenotypes are 

listed in Table 4. 

20 
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Table 2.--Frequencies of d ip lo id values at each l o c a l i t y . 

Pop. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

No. 
Individuals 

54 

36 

15 

30 

25 

12 

38* 

46 

44 

28 

25 

13 

38 

.04 

.17 

.76 

.93 

1.0 

1.0 

1.0 

1.0 

39 

.04 

.33 

.18 

.07 

40 

.08 

.08 

2n 
41 

.24 

.25 

42 

.03 

.08 

43 

.03 

.13 

.07 

.32 

.17 

44 

1.0 

.97 

.87 

.90 

.20 

*One indiv idual wi th 2n=37 was taken at th is l o c a l i t y . 
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Table 3.--Frequencies of chromosomal phenotypes calculated 

independently for each of the three chromosomal polymorphisms. 

No. 

Pop. Individuals A a B b C c 

1.0 

.01 1.0 

1.0 

.03 1.0 

.38 .68 .32 

.71 .33 .67 

.99 .03 .97 

1.0 .01 .99 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1 

2 

3 

4 

5 

6 

7 

8 

• 9 

10 

11 

12 

54 

36 

15 

30 

25 

12 

38 

46 

44 

28 

25 

13 

1.0 

1.0 

.97 

.97 

.70 

.42 

.09 

.02 

.03 

.03 

.30 

.58 

.91 

.98 

1.0 

1.0 

1.0 

1.0 

1.0 

.99 

1.0 

.97 

.62 

.29 

.01 
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Table 4.--Frequency of each chromosomal phenotype at each locality and the 

percent of each diploid value represented by each phenotype. 

'j Total 
Localities 2n 

.37 .90 .20 1.0 
.125 

.17 .03 .525 
T' -T? n^ .25 

.08 .57 
,03 .33 

2n 
44 
43 

42 

1̂ 

40 

39 

38 

?( 3S3ibl 

Phenotyp 
AA 
AA 
AA 
Aa 
AA 
,AA 
AA 
Aa 
Aa 
aa 
AA 
AA 
Aa 
Aa 
,Aa 
aa 
aa 
AA 
Aa 
Aa 
aa 
aa 
aa 
Aa 
aa 
aa 
aa 

38 
58 
Bb 
B3 
BB 
Bb 
bb 
88 
Bb 
BB 
3b 
bb 
BB 
Bb 
bb 
BB 
Bb 
bb 
Bb 
bb 
BB 
3b 
bo 
OD 
Bb 
bb 
bb 

^ 1 
es 
CC 1. 
Cc 
'wV. 

cc 
cc 
Cc 
rr 

Cc 
CC 
cc 
cc 
Cc 
cc 
V̂ C 

cc 
Cc 
cc 
cc 
cc 
Cc 
cc 
Cc 
CC 
cc 
cc 
Cc 
cc 

2 

0 .97 

.03 

0 

03 
03 

.20 

.08 

.20 

.04 

.20 .25 .375 

.04 .125 

.08 .33 

.04 . .33 

.04 -33 

.04 

.04 

.17 

.08 

.08 

.17 

.13 

.05 

.76 

.04 

.02 

.93 1.0 

.33 

.38 

.08 
1.0 

*0ne individual at th's locality had 2n=37, 



24 

Electrophoresis 

Patterns of variability.--Twenty-two loci were assayed 

electrophoretically for the 14 localities sampled. Ten loci were 

monomorphic for the same allele in all samples studied as follows: 

Es-2, Got-1, Gp-1, G6p, Idh-2, Ipo, Lap, Ldh-1, Me and Pgm. Two of 

the above loci (Idh-2 and Ldh-1) revealed a single allelic variant in 

the heterozygous state in one individual at one locality each. Twelve 

loci (54.5%) displayed multiple alleles at two or more localities. The 

alleles and frequencies found for each polymorphic locus at each 

locality and the portion of individuals heterozygous for each locus 

are in Tables 5 and 6, respectively. The average frequency of minor 

alleles at polymorphic loci is given in Table 7. Table 8 details the 

occurrence of each minor allele for each diploid value in L[. b̂ . davisi 

and lU. b̂ . convexum. The common (100) allele constituted the major 

allele for all loci at all localities of L[. b̂ . davisi and U_. b_. 

convexum with the exception of the Es-2 allele at localities 9 and 13 

In U_. b̂ . davisi, five loci (23%), Alb, Hb, Idh-1, Mdh-1 and 

Mdh-2, segregated for more than one allele. Of these loci, one, Mdh-1, 

varied only in pure 2n=44 localities (localities 1 and 2). The other 

four loci polymorphic in Û . b̂ . davisi had a minor allele present in 

either or both populations 1 and 2, and in at least one of the hybrid 

zone localities. 

Mdh-2 displayed a variant allele (Mdh-2"^^^) at a frequency of 

.014 at locality 2. This allele also was found to be present at 

82 
locality 5 (.019) but was not detected in any other samples. Idh-1 
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Table 7.--Average frequency of marker alleles 

determined by dividing the sum of the frequencies for 

each marker allele by the number of samples in which 

the marker was present. 

locus 

Mdh-1 

Mdh-2 

Idh-1 

Alb 

Hb 

Total 

6Pgd 

Adh 

Ldh-2 

Sdh 

Es-2 

Total 

Total 

Total 

a l l e l e 

140 

-146 

82 

90 

132 

143 

-208 

-70 

-62 

94 

(excluding Es-2) 

2n 

44 

44 

44 

44 

44 

44 

38 

38 

38 

38 

38 

38 

38 

38-44 

f req. 

.019 

.016 

.054 

.020 

.025 

.027 

.028 

.015 

.038 

.025 

.318 

.085 

.027 

.056 
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Table 8.—Occurrence of minor alleles for each diploid 

value in the L[. b̂ . davisi-U. b̂ . convexum complex. One occurrence 

equals one minor allele present in the heterozygous state. 

38 39 40 41 42 43 44 

Mdh-1^^0 3 

Mdh-2"'''^^ 1 1 

Idh-1^^ 1 3 14 

Al b^° 2* 3 

ĵ ĵ l32 2* 2 5 

6Pgd^'^^ 7 1 1 

Adh-2°^ 4 1 1 

Ldh-2"'^° 9 2 

Sdh-^2 5 1* 

Es-2^^ 172 9 2 3 1 1 * 

Got-2-5^ 1 2 

Got-2""'^^ 1 1 

•Indicates occurrence of marker allele in individual with other 

parental cytotype. 



30 

was detected at locality 1 (.065) and locality 2 (.028). In the hybrid 

82 
zone Idh-1 was represented at localities 4 (.047), 5 (.093) and 6 

(.038). Neither Mdh-2"^^^ nor Idh-l^^ was detected in any individual 

with 2n=38 (Table 8). 

90 
Alb was present in the samples from localities 2 (.028), 4 

(.016), 7 (.012), and 8 (.022). Hb^^^, the most consistently 

reoccurring of the minor alleles detected in L[. b̂ . davisi, was present 

in samples from locality 1 and from all of the hybrid zone localities. 

132 
The frequency of Hb averaged .025 (Table 7) and ranged (Table 5) 

from .042 (locality 1) to .011 (locality 8). The minor alleles for Alb 

and Hb in IJ[. b̂ . davisi were found to be present in individuals with a 

QD 1 "̂ P 

karyotype of 2n=38 (Table 8). Alb and Hb were present in the 

heterozygous state in one individual each with 2n=38 at both localities 

7 and 8 and were not found to occur in the same individuals. These 

four individuals represent 5.6% of the total 2n=38 individuals at the 

two localities. None of the minor alleles detected in samples from 

north of the hybrid zone (pure 2n=44 localities, 1 and 2) was present 

in individuals from samples south of the hybrid zone (pure 2n=38, 

localities 9-12, Table 5). 

In U.. b_. convexum, five loci (23%), 6Pgd, Adh, Ldh-2, Es-2 and 

Sdh were found to display multiple alleles. 6Pgd was polymorphic in 

only one pure U.. b.. convexum locality (Table 5). The minor allele for 

this locus, 6Pgd^^^, was present in all of the hybrid zone samples 

with the exception of locality 5. The average frequency of occurrence 

of this allele was .028 (Table 7) and was highest at locality 8 (.043, 
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Table 5). Adh was present in populations 10 (.036) and 11 (.020). 

This allele also was found to occur in three samples from the hybrid 

zone: locality 4 (.016), locality 7 (.012) and locality 8 (.011). The 

minor allele for Ldh-2 (Ldh-2''°) was detected in samples of U. b. 

convexum from localities 9 (.011) and 12 (.038). In the hybrid zone, 

Ldh-2 was present at localities 7 (.070) and 8 (.032). None of the 

minor alleles for 6Pgd, Adh and Ldh-2 was found in individuals with a 

diploid value of 44 (Table 8). 

Sdh" was present at locality 9 (.022) and at localities 4 

(.032), 7 (.035) and 8 (.011). Es-2 was the most highly variable of 

all the polymorphic loci. Es-2^^ was found to occur in all populations 

of ŷ . b̂ . convexum sampled and at all localities in the hybrid zone 

(Table 5). At locality 9, Es-2^^ constituted the major allele at a 

frequency of .536. This allele ranged from this frequency to a low of 

.420 (at locality 11) in the population of y. b_. convexum. In the 

94 hybrid zone, Es-2 generally decreased in frequency from south to 

north ranging from .489 at locality 8 to .025 at locality 3 (Table 5). 

The minor alleles for both Sdh and Es-2 were found to occur in 

one individual each with 2n=44 in samples 4 and 3 respectively. For 

Sdh this represented one of six occurrences of this allele whereas 

94 for Es-2 the one occurrence in an individual of 2n=44 represented 

one of 187 occurrences (Table 8). The two individuals of 2n=44 

heterozygous for minor alleles of Sdh and Es-2 represent 5% of the 

2n=44 individuals (2 of 40) at localities 3 and 4. 
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The Got-2 locus was polymorphic, displaying two minor alleles, 

Got-2 and Got-2 , in the convexum-davisi complex. Each allele 

occurred at low frequencies at two different localities in the hybrid 

zone (Table 5). Minor alleles for Got-2 were not detected in any 

samples outside of the hybrid zone. 

In Û . b_. molaris (locality 13) only Es-2 of the 22 loci (4.5%) 

sampled was polymorphic. For this sample, the same variant allele of 
94 

Es-2 (Es-2 ) in L[. b̂ . convexum and the hybrid zone samples represented 

the major allele for this locus and at a frequency of .567. All other 

loci were monomorphic for the 100 allele (Table 5). 

The sample of L[. magni rostrum (locality 14) was polymorphic for 

four loci (18%); Idh-1, 6Pgd, Est-2 and a-Gpd (Table 5). None of the 

minor alleles detected for any of the loci polymorphic in ]J. 

magni rostrum was found to occur in any of the samples of [i_. bilobatum. 

In addition to the ten loci which were monomorphic in all samples, JJ. 

magnirostrum was fixed for the 100 or (-100) allele at seven loci 

(Mdh-1, Mdh-2, Alb, Hb, Adh, Ldh-2 and Sdh, Table 5). The U,. 

-153 
magnirostrum analyzed were monomorphic for Got-2 , not found in any 

samples of U_. bilobatum. 

Heterozygosity.--Calculations of genie variability are presented 

in Table 9. Average heterozygosity (H) is 0.1 for pure populations of 

L[. b.. davisi (localities 1 and 2). For pure populations of U.. b̂ . 

convexum (localities 9-12) H ranges from .016 to .029. H values for 

samples from the hybrid zone between the two cytotypes (localities 3-8) 

range from .009 at locality 3 to .060 at locality 8. For the sample of 
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Table 9.--Heterozygosity estimates (H) calculated as 

the mean number of loci heterozygous per individual at each 

locality. 

Pop. H Av. H Pop. H Av. H 

1 

2 

3 

4 

5 

6 

7 

.008 

.014 

.009 

.018 

.023 

.035 

.028 

.01 

8 

9 

10 

11 

12 

13 

14 

.060 

.025 

.016 

.029 

.024 

.024 

.045 

.03 

.024 
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y.. b_. molaris (locality 13) H is .024. H for the Û . magni rostrum 

sampled is .05. 

Genie similarity.—Coefficients of genetic similarity (Table 10) 

based on the electrophoretic data were calculated for pair combinations 

of all localities. Two measures of similarity were calculated: S 

(Rogers, 1972) (Table 10) and I, electrophoretic identity (Nei and 

Chakraborty, 1973). Values for I are consistently higher than those 

of S for the same comparisons (see for example Nevo et aj^., 1974 and 

Greenbaum and Baker, 1976). Considering L[. b̂ . davisi and ]J. b̂ . 

convexum, Nei's identity coefficient (and the corresponding distance 

values, D) proved to be so extreme (several samples having values of 

1.0) as to be of no value in evaluating the relationships between the 

taxa examined and therefore are not reported. Average similarity 

values (S) are given in Table 11. 

The similarity between the two populations of [}_. b_. davisi 

outside of the hybrid zone (localities 1 and 2) was 0.994. Similarity 

values between these two samples and samples from the hybrid zone 

decreased going from the northern to southern extreme of the hybrid 

zone. Comparisons of S ranged from a high of 0.992 for both localities 

1 and 2 compared to locality 3, the northernmost hybrid zone locality, 

to a low of 0.969 for both localities 1 and 2 compared to locality 8, 

the southernmost hybrid zone sample. The average similarity between 

pure davisi and hybrid zone samples is .981 (Table 11). Similarity 

comparisons between pure Û . bi. davisi and pure U.. b̂ . convexum localities 

average .972 (Table 11) and range from 0.967 to 0.976 (Table 10). 
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Table 11.—Average genie s im i l a r i t y (S) between 

paired combinations of "pure" 2n=44 l oca l i t i es (1-2) , 

hybrid zone l o c a l i t i e s (9-12), "pure" 2n=38 l oca l i t i es 

(9-12) , U_. b̂ . molaris (13) and L[. magni rostrum (14). 

Comparisons of populations to themselves are omitted. 

1-2 3-8 9-12 13 14 

1-2 .994 .981 .972 .970 .915 

3-8 .982 .981 .978 .920 

9-12 .994 .994 .922 

13 .909 
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Similarity values between samples of pure JJ. b̂ . convexum 

(localities 9-12) are all above 0.99 (S = .994) ranging from 0.997 to 

0.991. S ranges from 0.994 to 0.969 (S = .981) for comparisons 

between samples of JJ. b̂ . convexum, from south of the hybrid zone 

(localities 9-12) and hybrid zone samples (3-8). In general, samples 

of pure Û . b̂ . convexum are more similar to samples from the southern 

end of the hybrid zone and increasingly less similar to progressively 

more northern samples (Table 10). In all cases however, the 

populations of pure JĴ. b̂ . convexum are slightly more similar to the 

sample from locality 3 than they are to that from locality 4. 

The sample of L[. b̂ . molaris (locality 13) was most similar to 

the samples of pure U_. b_. convexum. S for comparisons of locality 13 

and localities 9-12 averages .994 ranging from .996 (13 versus 9) to 

.992 (13 versus 11). Similarity values for comparisons to locality 13 

generally decrease going from south to north, 0.991 (13 versus 8) to 

.966 (13 versus 4) when compared to hybrid zone localities (S = .978). 

Similarity values for comparisons between the sample of JĴ. b̂ . molaris 

and pure JJ_. b̂ . davisi average .970 (S = 0.968 for locality 2 and 0.971 

for locality 1). 

Uroderma magnirostrum is the most distinct of the samples 

assayed electrophoretically. This species appears to be genetically 

equidistant from the samples of JJ.. b_. davisi, U. b. convexum and hybrid 

zone samples. Similarity values for comparisons of U.. magni rostrum to 

these samples ranges from 0.924 to 0.915. S for the comparison of l̂ . 

maqnirostrum and sample of JĴ. b̂ . molaris was .909. 
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Relationships among the 14 populations of Uroderma are 

summarized in a biochemical dendrogram (Fig. 2). Pure samples of y_. bi. 

davisi (localities 1 and 2) and JJ. b_. convexum (localities 9-12) 

cluster together. Hybrid zone samples, 3, 4 and 5 cluster with the 

2n=44 cytotype and 6, 7 and 8 cluster with the 2n=38 cytotype. With 

the exception of samples 4 and 5, positioning of the hybrid zone 

localities in this figure is identical to geographic proximity to each 

of the parental cytotypes. The population of L[. bi. molaris clusters 

with L[. b̂ . convexum sample 9 and the sample of JĴ. magni rostrum 

(locality 14) forms a separate cluster (Fig. 2). 
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ANALYSIS AND DISCUSSION 

Chromosomal Variation 

The pattern of karyotypic variation for the 166 individuals of 

Uroderma bilobatum from the hybrid zone agrees with that reported by 

Baker (1978). Of the 90 specimens collected northwest of the zone, 

only one individual (locality 2) had 2n=43; being heterozygous for the 

"B" chromosomal phenotype. Baker (1978) reported the "b" variant to 

be the most successful in penetrating northward, occurring at a 

frequency of 5% at the northernmost hybrid zone locality. Occurrence 

of the "a" and "c" phenotypes at this locality was 2% and 0%, 

respectively. It is possible that the one individual heterozygous for 

the variant in the Guatemalan sample represents a migrant from the 

hybrid zone or that the event that produces the "b" variation occurred 

spontaneously in one of the parents of the chromosomal variant at 

'locality 2. The precise northern limit of the zone is not known. The 

least distant locality north of La Herradura, El Salvador, from which 

specimens have been karyotyped is the Guatemalan sample of this study. 

Effects of hybridization may extend into northwestern El Salvador and 

southwestern Guatemala. 

Locality 9 is only 34 km from the southernmost hybrid zone 

sample (locality 8). All of the individuals collected at locality 9 

and from localities of Û . b̂ . convexum south of this locality (10-12) 

had 2n=38. Previously, the nearest locality to the south of 

Chinandega, Nicragua, from which specimens of U.. b̂ . convexum were 

40 
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karyotyped was 25 mi WNW of Manauga, a distance of approximately 56 km 

south of sample 9. Karyotypic data from locality 9 serve to define 

the southern limit of the zone of intergradation. The area between 

Chinandega (locality 8) and Leon, Nicaragua (locality 9), is extremely 

arid and particularly unsuited to Uroderma. It is unlikely therefore 

that effects of hybridization extend yery far to the south of 

Chinandega. 

The two parental cytotypes were taken in the same sample only at 

locality 5. Baker (1978) reported that more (5) of his 15 individuals 

from locality 5 had the karyotype characteristic of F, individuals 

than any other chromosomal phenotype. Subsequent collection of an 

additional 10 specimens from this locality yielded only one additional 

F.J, one individual with 2n=42, four with 2n=43 and four with 2n=44. 

Although these data might suggest a southward shift in the area of 

primary hybridization, no other locality sampled contained both 

parental cytotypes. A total of eight individuals with F-. chromosomal 

phenotypes was taken in this study. The three additional individuals 

with F-| chromosomal phenotypes v/ere collected north of Choluteca, 

Honduras (locality 6). This locality is approximately 29 km from the 

point of primary hybridization (locality 5). 

As can be seen in Tables 2, 3 and 4, samples from localities to 

the north and south of localities 5 and 6 karyotypically are 

progressively more similar to the northern and southern parental 

cytotypes respectively. These samples are composed primarily of 

parental cytotypes, 86.5% having either 2n=44 or 38. The remainder 
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of the individuals at these localities possess backcross chromosomal 

phenotypes. Frequencies of the individual chromosomal phenotypes for 

the three chromosomal variants (Table 3) differ only slightly from 

the values reported by Baker (1978). These differences probably are 

due to the smaller sample size examined. Of the 166 specimens 

karyotyped from the hybrid zone, 149 were included in the analyses of 

Baker (1978). The individuals for localities 5, 6 and 7 were the same 

as those reported by Baker (1978) and consequently the frequencies of 

the chromosomal samples at these localities are identical. An 

additional 13 individuals from locality 8 are included in this study. 

The occurrence of the "A" morph at locality 8 increased from 1% (Baker, 

1978) to 2% and the frequencies of "B" (0%) and "C" (1%) remained 

unchanged from those reported by Baker (1978). The chromosomal data 

from this study are consistent with the conclusion of Baker (1978) that 

chromosomal data fit a pattern of introgression in which some 

chromosomes are allowed to enter the "chromosomal pool" of another type 

by hybridization and backcrossing, but other chromosomes are selected 

against. 

ELECTROPHORESIS 

Patterns of Variability 

lU. b.. davisi - JJ.. b.. convexum com_plex_.—Of the 22 loci examined, 

11 were found to be polymorphic in the dayjsi-convexum complex 

(localities 1-12). Although chromosomal data suggest the possibility 

of gene flow, all polymorphic loci displayed a pattern of variation 

which suggest that gene flow across the zone of hybridization between 
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the two cytotypes is restricted and possibly completely inhibited. A 

marker allele can be defined as an allele that occurs in samples of 

one of the parental cytotypes and is not characteristic of individuals 

of the other cytotype. Ten of the 11 loci which segregated for more 

than one allele in either \}_, b_, davisi or LI. Jb. convexum displayed an 

allele which can be considered a marker allele for one or the other of 

the two parental cytotypes. In no case did a marker allele for one 

parental cytotype penetrate the genie complement of a population of the 

other parental cytotype outside of the hybrid zone (Table 5). 

Four of the five loci detected as polymorphic in pure 2n=44 

samples displayed marker alleles that also were found to be present in 

hybrid zone samples. The minor allele of Mdh-1 that occurred at both 

localities 1 and 2 was not detected in the hybrid zone. All of the 

five loci polymorphic in pure 2n=38 samples displayed a marker allele 

that was present in hybrid zone samples. Of the polymorphic loci, only 

Got-2 did not display a marker allele for one of the two parental 

cytotypes. The minor alleles of Got-2 occurred in hybrid zone samples 

and were not found to be present in either pure 2n=44 or 2n=38 samples 

(Table 5). These data clearly indicate that minor alleles that are 

characteristic of either 2n=44 or 2n=38 cytotypes are not passed into 

pure samples of the other parental cytotype as a result of the 

hybridization and backcrossing in the zone of intergradation. 

The frequency of most polymorphic loci is low. Excluding the 

Es-2 locus, average frequency of marker alleles for the loci 

polymorphic in the JJ. b̂ . davisi - Ji. b_. convexum complex is .027 and 
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ranges from .015 to .054 (Table 7). All varying loci, including Es-2 

and Got-2, showed the same pattern of variation in that none of the 

minor alleles was found to be present in populations of both parental 

cytotypes outside of the hybrid zone. 

Although the karyotypic data for the l[. b̂ . davisi-U. b̂ . convexum 

complex suggest the possibility of some gene flow across the hybrid 

zone between the parental cytotypes, no such gene flow was detected by 

the electrophoretic analysis. The genie data suggest that U.. b̂ . davisi 

and l[. b̂ . convexum represent distinct gene pools with respect to the 

polymorphic loci and that new mutations arising in either of the two 

groups outside of the hybrid zone are not successfully passed to the 

other even though there is successful hybridization and backcrossing 

between the two types. It is not necessary that the new mutations 

arise in one or the other of the parental cytotypes. The data for 

Got-2 suggest that it is possible for new alleles to appear first in 

the hybrid zone, these alleles (with the exception of those for Got-2) 

still display affinities to one or the other of the two parental 

cytotypes. If this is the case, gene flow of marker alleles occurs 

independently and differentially in the direction of one or the other 

of the parental cytotypes. The frequencies (Table 5) of 2n=44 markers 

for Alb and Hb and of 2n=38 markers for 6Pgd suggest that these could 

represent cases in which minor alleles originated in the zone of 

hybridization. These alleles occur in more hybrid zone samples than 

pure samples. The frequency of the marker alleles for both Alb and 

Hb was higher in pure 2n=44 samples than in hybrid zone samples 
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however. It is possible that analysis of additional pure 2n=44 

localities could reveal a more widespread distribution of the marker 

alleles for these two loci in Û . b̂ . davisi. The marker allele for 

6Pgd occurred in highest frequency at locality 8 of the hybrid zone. 

Examination of the karyotypic data presented in Tables 2-4 indicate 

minimal effects of hybridization at this locality. Only 7% of the 

individuals at locality 8 had diploid values other than 38; all were 

2n=39 backcrosses. The data do not support extensive initial 

incorporation of marker alleles in the hybrid zone. 

Although gene flow cannot be detected between pure L[. Jb. davisi 

and pure U_. b̂ . convexum populations, this is not the case with hybrid 

zone samples. Four of the 10 polymorphic loci displayed the presence 

of the marker allele in one or more individuals with the other parental 

cytotype within the hybrid zone (Tables 5 and 7). The presence of 

2n=44 marker alleles in individuals with 2n=38 and of 2n=38 marker 

alleles in individuals with 2n=44 suggests that backcrossing must occur 

to the extent that some individuals with parental cytotypes possess 

reconstituted karyotypes and that there exists the potential for gene 

flow between the parental cytotypes. Of the four loci that conform to 

this pattern, only the Es-2 marker of the 2n=38 cytotype occurred at 

high enough frequencies to negate the probability of sampling error. 

Es-2^^ represents the major allele at locality 9 and averages 0.461 in 

94 
populations of pure Ul. b̂ . convexum. The frequency of Es-2 decreases 

from south to north across the hybrid zone (Table 5), reaching a low 

94 
of .025 at the northernmost hybrid zone locality. Es-2 was detected 
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in individuals of all intermediate karyotypes except 2n=42 (Table 7). 

A distinct decrease in the frequency of Es-2^^ occurs between locality 

6 (0.346), locality 5 (.111), and locality 4 (.016). It is across 

these three localities that the karyotypic nature of the hybrid zone 

changes from primarily hybrid in nature (5 and 6) to primarily 2n=44 

(locality 4, Table 2). Occurrence of Es-2^^ (Table 7) indicates that 

although this allele is extremely successful in 2n=38 populations, it 

is not freely transmitted across the hybrid zone. This allele was 

found to occur only twice in primarily U_. ^. davisi samples, once each 

in the heterozygous state; one with 2n=43, the other with 2n=44. 

Although there is sufficient hybridization and subsequent backcrossing 

to enable the transmission of alleles characteristic of one parental 

cytotype to the other, analysis of the polymorphic loci suggests that 

the frequency with which this occurs is quite low and that marker 

alleles of one cytotype are not passed into the gene pool of the other 

cytotype. 

Several hypotheses can be invoked to explain the observed 

pattern of genie variability. Sampling error could account for the 

apparent lack of introgression between pure JĴ. b̂ . davisi and pure JĴ. 

b. convexum populations. Only 11 loci were detected as being 

polymorphic in this complex. It is possible that loci which indicate 

a pattern of introgression between the cytotypes exist but were not 

sampled. Only two of the 10 loci that displayed marker alleles were 

present at frequencies greater than 5%, Idh-1 for 2n=44 and Es-2 for 

2n=38 (Tables 5 and 11). Low frequency polymorphisms are less likely 
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to be successfully transmitted from one population to the next. The 

pattern of variability and occurrence of most marker alleles at three 

or more localities (Table 5) is consistent with the view that these 

alleles were, at least to some extent, successfully transmitted between 

populations of each pure cytotype and hybrid zone populations but not 

between the parental cytotypes. All of the polymorphic loci, including 

the two which occur at relatively high frequencies display the same 

pattern of variation. In no ease studied was a marker allele found to 

introgress from a population of one cytotype outside the hybrid zone to 

a population of the other outside of the zone. Even in the event that 

there exist a few loci that display a low level of introgression, the 

inhibition of introgression in all of the polymorphic loci studied is 

sufficient to indicate an overall reduction of gene flow between the 

cytotypes and support the contention that U_. b_. davisi and JJ. b̂ . 

convexum outside of the zone of intergradation represent distinct gene 

pools. 

Lack of interaction between hybrid zone and pure samples might 

account for the failure of marker alleles to introgress from one 

parental to the other. Although the functional vagility of Uroderma is 

not known, bats potentially are highly vagile. As discussed earlier, 

the precise northern limit of the zone of hybridization is not well 

defined. The presence of an individual with 2n=43 (Bb) in the 

Guatemala sample suggests however that there may be ample opportunity 

for interaction between pure 2n=44 populations and hybrid zone 

individuals. Although population 9 is separated from the southernmost 
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locality of the hybrid zone by unfavorable habitat, the distance 

between these populations should not present an insurmountable barrier 

to a volant animal such as Uroderma. Additionally, the pattern in 

variation in four of the five marker loci for the 2n=38 cytotype 

suggests that gene flow for these loci between populations 8 and 9 is 

uninhibited. Marker alleles for each cytotype appear to be readily 

transmitted between pure and hybrid zone populations. These data 

suggest that there is no lack of interaction between pure and hybrid 

populations. 

Hunt and Selander (1973) have hypothesized that a lack of gene 

flow between hybridizing subspecies of Mus musculus is due to reduced 

fitness of backcross progeny resulting from disruption of coadapted 

parental gene complexes, perhaps coupled with environmental differences 

favoring different alleles on either side of the hybrid zone. The 

evidence to support this hypothesis is mostly inferential and dependant 

upon selective value of electrophoretically demonstrable genie 

differences. Similarity values between the two Mus subspecies is quite 

low (S = .769) and suggestive of a considerable period of allopatric 

separation. The extent of backcrossing between the subspecies cannot 

be directly determined. It is possible that hybridization between 

these subspecies is the result of a lack of well developed premating 

isolation and the lack of gene flow is due to hybrid breakdown. Genie 

similarity (Table 10), general success of the backcross individuals, 

and the extent of the hybrid zone between JĴ. b̂ . davisi and IĴ. b̂ . 

convexum do not suggest major genomic alterations between these two 
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groups. It is possible however that disruption of coadapted gene 

complexes may, in part, explain the lack of gene flow between 2n=38 

and 2n=44 Uroderma bilobatum. The divergence of these populations is 

not associated with any obvious ecological difference that might 

support this contention. 

A fourth alternative explanation for the lack of introgression 

is that the chromosomal differentiation and selection for each 

parental cytotype serve as a barrier to the free flow of alleles across 

the hybrid zone. In support of this hypothesis is that the pattern and 

frequency of variation for all of the marker loci correlates precisely 

with the limits of the hybrid zone as defined karyotypically and the 

general chromosomal nature of samples within the hybrid zone (Table 5). 

It was not possible to determine whether any of the marker loci were 

linked to any of the three chromosomal variants due to the generally 

low frequencies of marker alleles (Table 5), the large number of 

possible chromosomal phenotypes (27) and an insufficient number of 

hybrid and backcross individuals to permit correlation to the number 

of potential phenotypes (Table 4). There is little reason to suspect 

a nonrandom linkage pattern including the entire chromosomal 

complement. It is not possible to estimate the movement or lack of 

movement between parental cytotypes of any chromosomes other than the 

A, B, and C chromosomes, as all homologous elements appear identical. 

There is no chromosomal evidence therefore to suggest that entire 

linkage groups (or by crossing over, partial linkage groups) of one 

cytotype cannot be passed, by hybridization, backcrossing and crossing 
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over, in the hybrid zone to the other cytotype. The fact that no 

marker allele was found to introgress between the parental cytotypes 

however, suggests that such events, if they happen, occur with yery 

low frequency and do not result in the alteration of the gene pools of 

either L[. b̂ . davisi or y. b_. convexum. 

JJ.. b̂ . molaris and U. magnirostrum.--Onlv one locus, Es-2, was 

polymorphic in the single sample (locality 13) of JĴ. b. molaris. This 

locus displays the same alleles as were detected in the samples of 

94 
^. b̂ . convexum. Es-2 , the marker allele for LI. b̂ . convexum, 

constituted the major allele at locality 13 occurring at a frequency 

of .567. The presence of this allele in both convexum and molaris 

suggests that gene flow probably occurs between these two subspecies. 

The lack of the presence of other convexum marker alleles in the 

molaris sample probably is due to the low frequency of the other marker 

alleles, the small number of molaris examined and the geographical 

distance between samples of molaris and convexum. 

The population of Uroderma magnirostrum examined (sample 14) was 

polymorphic for four loci (Table 5). The average frequency for minor 

alleles (.144) was considerably higher than that characteristic of any 

of the other samples examined. None of the minor alleles for JĴ. 

magni rostrum was found at any of the Û . bilobatum localities. 

-153 
Additionally, JJ. magnirostrum was monomorphic for Got-2 which was 

not found in any ]J. bilobatum. The genie data clearly indicate that JĴ. 

magni rostrum represents a gene pool distinct from Û . bilobatum. 
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Heterozygosity 

Average heterozygosity per population (H) is presented for all 

populations in Table 8. Heterozygosity estimates for phyllostomatid 

bats are generally low (Straney et al., 1978). H for 6 species 

representing 4 genera is 0.035 and ranges from .000 to .091. 

Heterozygosities for Uroderma are within this range. Pure populations 

of JĴ. b̂ . davisi display the lowest H values, averaging .01. 

Populations of JĴ. b̂ . convexum (9-12) are generally more polymorphic, 

H averaging .024. Heterozygosity values for hybrid zone samples are 

somewhat higher, averaging .03 and show a tendency to be higher in the 

more southern samples. This pattern is to be expected because hybrid 

zone localities are polymorphic for marker loci characteristic of both 

parental cytotypes and because JĴ. b̂ . convexum is generally more 

polymorphic than l[. b̂ . davisi. 

Within each parental cytotype heterozygosities tend to be fairly 

consistent but are significantly different at the .05 level between the 
2 

two cytotypes (X = .008). H for the sample of JĴ. b̂ . molaris is equal 

to the average H for the samples of ]J. b̂ . convexum. Uroderma 

magnirostrum displays the highest heterozygosity (H = .045, Table 8) 

and is significantly different from all populations of Uroderma 

bilobatum. If the hypothesis that genie variation in groups which are 

actively undergoing karyotypic evolution is inhibited (Nevo and Shaw, 

1972; Nevo et aj_., 1974; Avise, 1976) is valid, then the higher 

heterozygosity in \J_. magni rostrum might be due to the independent 

evolution of this species in the absence of the extensive karyotypic 

changes and speciations which characterize the U_. bilobatum lineage. 
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Genie Similarities and Systematic Implications 

The numerous reviews of genetic similarity in mamnals (for 

example, Avise, 1974, 1976; Selander and Johnson, 1973; Zimmerman and 

Nejtek, 1977) indicate in general that very little differentiation 

exists between local populations within species (S ^ 9 0 ) . Subspecies, 

semispecies, and incipient species display generally less similarity, 

S usually = .80 to .90. Sibling and well-differentiated species 

generally are characterized by S-values of less than .80. 

Two notable exceptions to the general pattern described above 

involve chromosomally characterized species of two rodent genera, 

Spalax (Nevo and Shaw, 1972) and Thomomys (Nevo et aj^., 1974). In 

Spalax, four parapatrically distributed chromosomal forms (2n=52, 54, 

58, and 60) display average genie similarity of .960. Hybridization 

between races is rare occurring only in narrow zones between forms 

that differ by only a single pair of chromosomes (52/54 and 58/60). 

A similar situation has been reported for 6 chromosomal forms of 

Thomomys talpoides pocket gophers (Nevo^aJ_., 1974). Similarity 

values between populations was reported as being generally high, 

S = .838 but was often higher between reproductively isolated 

karyotypes than between geographically isolated populations within a 

karyotype. These studies have led to the conclusions that speciation 

has been relatively recent in these groups and that when chromosomal 

rearrangement is involved, speciation may be accompanied by relatively 

little change at the genie level. 
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The genie data for Uroderma are consistent with those for Spalax 

and Thomomys. Uroderma however presents an extreme case of the type of 

variation seen in Spalax and Thomomys in that (1) the cytotypes differ 

in three pairs of chromosomes, (2) hybridization between the parental 

types is not rare, (3) F̂  and backcross individuals are distinguishable 

based on karyotypic features, (4) there is apparently no strong 

sterility barrier between the cytotypes, (5) Uroderma is potentially 

highly vagile, and (6) the zone of contact is not narrow. 

In Spalax and Thomomys, karyotypic homozygosity within cytotypes 

and a general lack of interbreeding between parapatrically distributed 

cytotypes supported a priori species level distinction of the 

chromosomal races. Hybridization was rare and occurred only between 

cytotypes that differ by a single pair of chromosomes. In Uroderma 

initial karyotypic data suggested extensive gene flow between the 

cytotypes (Baker e^ aj_., 1975). Subsequent banding analyses and 

identification of the precise chromosomal involvements indicated that 

although gene flow was probably less extensive than originally thought, 

some exchange of genes between the 2n=44 and 2n=38 cytotypes should be 

occurring across the hybrid zone. 

Measurements of genie similarity between pure populations of 

y.- k- davisi and U_. b̂ . convexum are extremely high (S = .972, Table 

10). Average genie similarity between both parental cytotypes and 

hybrid zone localities is identical (S = .981). Comparisons within 

the parental cytotypes are also identical (S = .994). These values 

fall within the upper limit of similarities considered characteristic 
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of local eonspecific populations. The allelic distribution data 

however indicate that despite the extensive hybridization and 

backcrossing in the contact zone, alleles examined in this study 

characteristic of each parental cytotype are not transmitted to the 

other parental cytotype. 

Problems associated with the species concept have been 

discussed at length by numerous authors (see for examples, Dobzhansky, 

1970, and Mayr, 1970). Electrophoretic analyses of contact zones have 

led to the view that the important criterion of species status is not 

an absence of interbreeding per se, but rather, of genetic exchange 

between populations (Hall and Selander, 1973). Mayr (1970) states that 

the essence of speciation is the production of two well-integrated gene 

complexes from a single parental one. Considering these concepts, one 

might arrive at a definition of species as well-integrated gene 

complexes which do not exchange genes even in the presence of 

interbreeding. Although this definition suffers many of the same 

drawbacks as the biological species concept in regard to allopatric 

populations, it provides a workable hypothesis for the examination of 

parapatrically distributed incipient species or species in statu 

nascendi. Uroderma bilobatum davisi and L[. b̂ . convexum appear to 

represent distinct genetic systems with respect to the marker alleles 

at all polymorphic loci. Based on the concept of genetic isolation, 

pure populations of U.. ̂ . davisi and JJ.. b̂ . convexum are acting as 

discrete biological units (species) maintaining their genetic 
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integrity even in the absence of effective prezygotic isolating 

mechanisms. 

The major difficulty of the biological species definition 

results from the dynamic nature of the evolutionary process. Active 

speciation will inevitably generate borderline cases. "The 

nonexistence of borderline cases could mean that evolution has run its 

course and is no longer happening" (Dobzhansky, 1970). The 

davisi-convexum complex appears to represent a classical borderline 

case. The data are entirely consistent with the view that the parental 

cytotypes are in the final stages of active speciation. Because the 

cytotypes apparently have not reached the point of full differentiation 

(based on the biological species concept) it is not surprising that 

they cannot be distinguished by morphological characters (Baker et al., 

1975) and that the overall genie similarity between them is extremely 

high. Additionally, the involvement of chromosomal rearrangement 

could, as suggested for Spalax and Thomomys, facilitate the divergence 

of populations with relatively little change at the genie level. 

It is not possible with the available data to determine the 

overall stability of the hybrid zone between davisi and convexum. The 

complete absence of genie introgression between the parental cytotypes, 

however, suggests that the ultimate fate of the complex is the 

establishment of biological species. As the pure populations continue 

to accrue genetic differences as a result of independent evolution, one 

can envision the potential development of reproductive isolating 

mechanisms and the eventual reduction and possible elimination of the 
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hybrid zone. The data do not indicate selection for the establishment 

of an intermediate type or the replacement of one cytotype by the 

other. 

Uroderma bilobatum molaris.--IJi. ^. molaris is recognized as a 

distinct subspecies based on morphological characters (Davis, 1968). 

Karyotypically, JĴ. b̂ . molaris is indistinguishable from JĴ. bi. convexum. 

Some mixing of populations between molaris and convexum across the 

Nicaraguan lowlands and western Costa Rica has been suggested based on 

overlapping morphology and a lack of physical barriers to migration in 

these regions (Davis, 1968). The sample of U^, b̂ . molaris (sample 13) 

examined in this study is separated from the sample of U_. b_. convexum 

by the Nicaraguan lowlands (Fig. 1). As discussed under genie 

variation these samples do share common alleles. The population of 

JJ. b̂ . molaris is electrophoretically as similar to pure populations of 

Ji. b.. convexum (S = .994, Table 10) as are the local populations of 

U_. b̂ . convexum to each other (S = .994). Similarity estimates between 

molaris and hybrid zone localities and between molaris and pure 

populations of davisi display the same pattern and similar values to 

those for comparisons of IJ[. b̂ . convexum and these samples (Tables 9 and 

10). The genie data support the contention that populations of 

Uroderma characterized by 2n=38 from the eastern (molaris) and western 

(convexum) versants of Middle America are eonspecific (Fig. 2) and do 

experience some exchange of genes. As is the case with davisi and 

convexum, davisi and molaris represent distinct genetic units. 
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Uroderma magnirostrum is a distinct species and is broadly 

sympatric with Uroderma bilobatum throughout their ranges (Davis, 

1968). Morphologically (Davis, 1968) and karyotypically (Baker and 

Lopez, 1970), IĴ. magni rostrum is distinguishable from L[. bilobatum, 

and these differences are maintained despite coexistence in the same 

territory. Genie variation analyses support specific distinctness of 

these two groups (Fig. 2). Uroderma magnirostrum is fixed for 

-153 Got-2 and displays marker alleles for four polymorphic loci 

(Table 5). None of the alleles characteristic of U_. magni rostrum was 

detected in any samples of L[. bilobatum, including sample 4 which was 

collected on the same date at the same locality. No hybrid 

individuals between these two species were detected either 

karyotypically or electrophoretically. 

Similarity values for comparisons of JĴ. maqni rostrum with 

samples of U.. bilobatum are unusually high, S = .917 (S = .909-.923). 

Higher similarity values for species of mammals have been reported 

only for Spalax (Nevo and Shaw, 1972). Although average similarity 

values (Table 10) suggest that U_. magni rostrum is slightly more similar 

to y.. b̂ . convexum, the highest individual comparison (S = .924, Table 

9) is between Û . maqni rostrum and sample 6, one of the primary 

hybridization localities. Karyotypically, LI. maqni rostrum (2n=36) 

would have to be considered to be more closely related to JJ.. b̂ . 

convexum. The overall similarity values (Table 9) indicate that y. 

maqni rostrum is essentially equidistant from both cytotypes of JJ.. 

bilobatum. The two species have accumulated very little difference 
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at the genie level despite rather extensive chromosomal alteration 

between JĴ. magnirostrum and U. b. davisi. These data are consistent 

with the hypothesis of reduced genie diversity accompanying speciation 

in which chromosomal mechanisms appear to play a significant role. 

CHROMOSOMAL SPECIATION 

In recent years it has become apparent that geographic 

isolation and major genetic reorganization may not be required for the 

production of new species. Numerous examples of species complexes 

that are not characterized by such genetic revolutions suggest that 

gene substitutions or chromosomal rearrangements, or both, can result 

in speciation without loss of contact between parental populations 

(White, 1968, 1969, 1973; Hall, 1973; Bush, 1975; Wilson etal., 1975; 

Bush et. aj_., 1977). Bush (1975) suggests that as many as one half of 

all animal species may have been formed by processes that do not fit 

the classical allopatric speciation model. Models for nongeographic 

speciation involving the incorporation of chromosomal rearrangements 

as the impetus for speciation have been proposed (stasipatric 

speciation; White, 1968, 1973; cascading chromosomal evolution; Hall, 

1973) and discussed (Key, 1968; Bush, 1975; Wilson et. al., 1975; Hall, 

1973; Bush et. al., 1977). 

Initiation and Incorporation of Chromosomal Mutations 

Although individual concepts of chromosomal speciation differ 

in reference to events that occur after the initiation and fixation of 

a chromosomal mutation, all incorporate the same parameters to attain 
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the new karyotype. Whether or not the incorporation of a chromosomal 

rearrangement results in the production of a new species (either 

between allopatric populations or within initially continuous 

populations) it is the initiation and subsequent fixation of such a 

rearrangement which constitutes the critical step in chromosomal 

evolution. The incorporation of chromosomal mutations will be 

subjected to the same types of selective pressures whether they occur 

in an allopatric population or in one of a series of nonisolated 

populations. 

Chromosomal speciation has been envisioned as resulting from 

the fixation of a chromosomal rearrangement in a population. The 

rearrangement is assumed to be under negative meiotic selection in 

the heterozygous state resulting in at least a partial barrier to 

gene flow between the original and mutated populations. The most 

consistent and important parameter of all previously proposed models 

of chromosomal speciation is that the heterozygote for the chromosomal 

rearrangement is subject to a severe reduction in reproductive fitness. 

Individuals homozygous for the rearrangement experience no such 

reduction and have been suggested by several authors to possess 

selective advantage. Hall (1973) suggested that malassortment of 

chromosomes in the heterozygote should result in the production of 10 

to 50 percent nonviable gametes. Strong negative meiotic heterosis 

has been thought to be essential to the process of chromosomal 

speciation in order to provide an intrinsic mechanism for the reduction 

of gene flow between the homozygous cytotypes. 
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As a result of viewing the heterozygous chromosomal condition 

as being strongly selected against, genetic drift and several 

parameters which increase the effects of drift, particularly small 

initial deme size and low vagility, have been invoked by all advocates 

of chromosomal speciation. The combination of less fit heterozygotes 

and the fixation of the new arrangement, with some adaptive 

superiority, in occasional local populations, is hypothesized to serve 

as the intrinsic mechanism to initiate isolation between the mutated 

and ancestral populations. 

It has been suggested (White, 1968; Key, 1968; Hall, 1973; 

Wilson et. al_., 1975; Bush ^ al., 1977) that if the rearrangement is 

to survive in spite of the negative heterosis barrier, the initial 

deme size effectively should be 10 or less. This number is based on 

Wright's (1941) contention that even with as much as a 50 percent 

reduction in the production of viable gametes resulting from mutation, 

that a chromosomal mutation had about one chance in 1000 of achieving 

fixation by drift in a population of 10 individuals. Obviously, 

mutations under less severe negative heterosis will have greater 

chances for survival. 

Low interdeme vagility is viewed as essential to the initial 

incorporation of chromosomal rearrangements under negative heterosis. 

If exchange of individuals between local populations is frequent, 

then the effects of drift will not be sufficient enough to enable the 

incorporation of the new rearranged karyotype and the rearrangement 
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will be lost due to semi sterilizing effects on the heterozygote and 

genetic swamping. 

Based on their conclusion that mammals experience a far greater 

rate of chromosomal evolution than do other vertebrates Wilson et al. 

(1975) contended, without direct evidence, that the social structuring 

of mammalian populations is such that mammalian populations have 

achieved the requisite inbreeding and small population size to 

facilitate the fixation of chromosomal rearrangements. Particular 

aspects of mammalian social behavior cited by Wilson et̂  al- (1975) 

include strong social bonds between mother, offspring and siblings 

that tend to result in minimal dispersal and the prevalence of 

polygamy and dominance hierarchies among males. According to Wilson 

et al. (1975) and Bush et. al. (1977) these traits greatly enhance the 

organization of populations into small, persistent, socially cohesive 

units and increase the probability of inbreeding and chromosomal 

rearrangement incorporation. 

In a phyllostomatid bat, Phyllostomus hastatus (McCracken and 

Bradbury, 1977), adult composition of social units is stable and there 

is strong polygyny, however dispersal of offspring (lack of 

incorporation of the female offspring into the same reproductive harem 

of the mother) is sufficient to prevent significant genetic 

heterogeneities between social units. These authors (McCracken and 

Bradbury) conclude that even though there are several features which 

might result in strong social structuring of the populations, without 

predominant recruitment of offspring into the reproductive spheres of 
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their parents, that the genetic effects of these features will be 

completely diluted. 

A third tenet generally accepted by advocates of chromosomal 

speciation is that the new chromosomal arrangement in the homozygous 

state confers adaptive value and either permits the invasion of a 

new niche and the partial or complete replacement of ancestral 

populations. In order for the rearranged karyotype to spread, it is 

essential for it to confer some advantage. This, however, does not 

necessitate that the new karyotype radiate outward from the periphery 

of the range of the ancestral populations. There is no reason to 

assume that individuals could not invade a new niche or develop the 

capability to more efficiently utilize some aspect of the same niche 

well within the range of the original species. 

A major point of contention between advocates of chromosomal 

speciation has been in the probable location of the initial 

establishment of new chromosomal arrangements. Two schools of thought 

have developed in reference to this point. White (1968, 1969, 1974) 

and Hall (1973) envisioned the formation and fixation of chromosomal 

rearrangements which yield adaptively superior homozygotes but 

inferior heterozygotes as most often occurring well within the interior 

of the population range. Several authors (Lewis, 1966; Key, 1968; 

Patton, 1967) debate this point based on the contention that 

chromosomal rearrangements which arise within the center of the range 

are most likely to be lost due to strong negative selection and 

because the effect of drift in such situations is not sufficient to 
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enable the establishment of the new karyotype. Only in a propagule 

(small founder population isolated at the geographic periphery of the 

range) should the effects of inbreeding be strong enough to enable 

the survival of chromosomal rearrangements in light of the negative 

heterosis barrier. It has been suggested however that initiation and 

fixation of chromosomal rearrangements can occur anywhere within the 

range of a species if social structuring and patchy environments 

result in small internally parapatric populations subject to high 

levels of inbreeding (Hall, 1973; Bush, 1975; Wilson ^ a l . , 1975). 

The incorporation of such rearrangements may, in fact, be more likely 

to occur centrally, as overall selective pressure is generally less 

in central than peripheral populations. High levels of inversion 

polymorphism in central and low level polymorphism in peripheral parts 

of the geographic ranges of Drosophila willistoni (da Cunha et al., 

1959) and d. robusta (Carson, 1959, 1965; Carson and Heed, 1964) 

provides some support for this hypothesis. Because survival of the 

mutant population during its inception is severely threatened by 

environmental pressures and stochastic events, survival may be less 

likely at the species periphery where environmental fluctuations are 

greater and selective pressures more severe (Hall, 1973). 

Chromosomal Speciation in Vertebrates 

Bush (1975) distinguishes sympatric from parapatric speciation 

by the development of premating isolating mechanisms prior to, rather 

than concommittant with, a shift in niche. Considering vertebrates. 
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and particularly mammalian species, it is often difficult to establish 

what characters constitute a shift in niche and subsequently to 

distinguish between parapatric and sympatric speciations. The several 

cases involving vertebrate species characterized by chromosomal 

rearrangement in which speciation may have been nongeographic have 

been classified by Bush as parapatric events. The best studied of 

these cases include the rodent genera Spalax (Nevo, 1969; Wahrman 

et al., 1969; Nevo and Shaw, 1972; Nevo and Bar-El, 1976) and Thomomys 

(Patton et al., 1972; Nevo et al., 1974; Thaeler, 1974) and the lizard 

genus Sceloporus (Lowe et al., 1967; Hall, 1973; Hall and Selander, 

1973). These organisms all display parapatrically distributed 

chromosomal races, and tend to have semi-isolated population structures 

and low vagility. Additionally, these species complexes generally 

conform to the characteristics of Type II (parapatric speciation) 

organisms described by Bush (1975). It is of value to compare these 

situations to the Uroderma bilobatum complex in order to evaluate the 

possibility of chromosomally driven speciation in these bats. In 

Spalax, the chromosomal forms are distributed clinally from north to 

south. The environmental gradient between the races involves a 

gradual increase in aridity and no specific differences mark an 

apparent shift of niche from one chromosomal race to another. The 

davisi and convexum cytotypes of Uroderma bilobatum are also 

distributed clinally north to south. Considering the entire range of 

these two cytotypes, there are no apparent ecological factors that 

readily distinguish the respective habitats (Baker et al., 1975). As 
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described above however, the hybrid zone represents an environmental 

discontinuity between the cytotypes. Although no shift in niche is 

apparent between the davisi and convexum types, the clinal distribution 

and lack of broad overlap of the parental cytotypes make it difficult 

and nonparsimonious to rule out the possibility that some undetected 

adaptation to different environmental conditions constitutes a shift 

in niche between the parental cytotypes. 

According to Bush (1975), r-selectivity of species implicated in 

parapatric speciation results in population structures consisting of 

many small to medium sized peripheral populations which are adapted to 

some inbreeding. Bush (1975) however fails to discuss this aspect in 

reference to the Spalax and Thomomys species complexes. Neither of 

these two organisms can be considered to be r-selected. It seems that 

Bush may have mistaken the general r-selectivity of the invertebrate 

groups which display parapatric and sympatric modes of speciation for 

a correlate of the models themselves. Although r-selected species will 

produce more offspring heterozygous for a chromosomal mutation, the 

likelihood of heterozygous individuals encountering each other 

reproductively is proportionately decreased. Conversely, k-selected 

organisms will produce fewer such heterozygotes with greater 

probability of mating and subsequently producing rearranged 

homozygotes. It does not appear that in vertebrates r- or 

k-selectivity affects preadaption in chromosomal speciation. Although 

the reproductive strategy of Uroderma is not well known, phyllostomatid 

bats in general are k-selected, breeding at most twice per year, 
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producing a maximum of two offspring per year (Baker ^ al., 1975; 

Wilson, 1978). 

Vertebrate species complexes previously suggested as candidates 

for parapatric speciation do however display certain aspects of their 

biology which increase the probability of inbreeding and thereby 

subject populations to increased effects of drift. In Sceloporus 

vagility is low and populations are restricted by ecological parameters 

(Hall, 1973; Hall and Selander, 1973). In fossorial mammals low 

vagility and subterranean habits result in a pattern of more or less 

semi-isolated populations (Patton, 1972). Allele frequencies for minor 

alleles (especially those of low frequencies) of polymorphic loci for 

fossorial mammals display a general pattern of essentially random 

occurrence in geographically disjunct localities (Nevo and Shaw, 1972; 

Patton et_ al., 1972; Nevo et̂  al., 1973; Selander et a^., 1975). In an 

analysis of four species of pocket gophers (Geomys) Selander et al. 

(1975) found a common pattern for variant alleles to be confined to 

single local populations. These data are consistent with the view that 

gene flow between populations of fossorial mammals is somewhat 

restricted. 

Details of the social structuring of populations of Uroderma 

are not known. Although roosting and general behavioral aspects of 

Uroderma may effectively result in a semi-isolated population 

structure, high vagility and effective gene flow between populations 

within the species, do not suggest inbreeding as an adaptive strategy 

in these bats. Based on a lack of broad geographic overlap of parental 
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cytotypes of Uroderma bilobatum. Baker et al. (1975) suggested that 

these bats may be functionally less vagile than might be expected. 

There is no trend in the genie data to suggest that Uroderma cannot 

or do not migrate considerable distances. Gene flow between 

populations within each parental cytotype and within the zone of 

hybridization as evidenced by the distribution of minor alleles 

(Table 5) suggests that migration and intermixing within davisi and 

convexum is not affected by a lack of functional vagility. The lack 

of broad overlap between the parental cytotypes probably results from 

less favorable habitat and lower density of Uroderma in the area of 

primary hybridization and possibly from ecological and adaptational 

differences between davisi and convexum. 

Bush (1975) contends that type II species display narrow 

ecological amplitude, generally coarse grained environmental 

utilization (i.e. specialized feeding habits), and are under regimes 

of homoselection. Fossorial mammals tend to display narrow ecological 

amplitudes, being essentially restricted to the subterranean niche. 

These organisms can be seen as experiencing the environment as fine 

grained, the subterranean environment being rather homogeneous. 

Studies of genie variability in fossorial mammals suggest that 

selection for homozygosity as an adaptive strategy is probably 

operating in the relatively constant subterranean niche (Nevo and 

Shaw, 1972; Nevo et aj_., 1973). Estimates of heterozygosity in 

phyllostomatid bats (Straney ^ al., 1978) are generally low and 

suggest that these bats may also be under regimes of homoselection. 
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Selander and Kaufman (1973) have discussed the relationships between 

levels of heterozygosity and environmental and physiological 

characteristics. Phyllostomatid bats (including Uroderma) are highly 

vagile, homeothermie and generally of tropical origin and distribution. 

These factors tend to decrease the relative uncertainty with which the 

individual experiences the environment and probably contribute to the 

maintenance of low levels of heterozygosity. 

The Spalax ehrenbergi, Thomomys talpoides, Sceloporus grammicus 

and Uroderma bilobatum species complexes are all similar in that the 

divergent populations (species) are not readily distinguishable 

morphologically, are characterized by chromosomal rearrangements, are 

distributed parapatrically and can to a greater or lesser extent 

produce viable hybrids. Additionally, these groups display critical 

similarities in the genie characteristics of the chromosomally 

divergent races. In each case the chromosomal forms are maintained as 

independent genetic units (species) even though premating isolation is 

incomplete. Although in each species complex the distribution of 

alleles indicates that introgression between the "species" is not 

occurring, a majority of loci display the same common allele (except in 

Sceloporus) indicating that there has been no major revolution at the 

genie level. This latter characteristic is reflected in unusually high 

genie similarities between species in these complexes (S = .874-.972). 

Extremely high genie similarity is not consistent with predictions of 

allopatric speciation. 
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If allopatric speciation is incomplete and secondary contact 

results in some hybridization, it is to be expected that such 

hybridization will be selected against, resulting in character 

displacement or that genetic swamping will cause the replacement of 

one population by the other. High similarity values are generally 

viewed as reflecting short time divergence of the populations (Nei, 

1972; Nevo and Shaw, 1972; Nevo et̂  al., 1973). Establishment and 

fixation of chromosomal rearrangements across the range of allopatric 

populations resulting in geographic speciation should require long 

periods of isolation (Mayr, 1970) and therefore be correlated with 

greater genie divergence. An example of such genie revolution between 

allopatrically derived, karyotypically distinct, morphologically 

similar species has been documented for the phyllostomatid bat genus 

Maerotus (S = .642) (Greenbaum and Baker, 1976). In general the mean 

level of similarity between allopatrically derived species at early 

stages of evolutionary divergence is from .50 to .80 (Avise, 1976). 

Chromosomal Speciation in the davisi-convexum Group 

The major difficulty with fitting the Uroderma bilobatum davisi-

JJ. bi. convexum complex to hypothesized models of chromosomal speciation 

is that this species does not display biological traits which provide 

the inbreeding necessary to overcome the negative heterosis barrier to 

the establishment of chromosomal rearrangements. Analysis of the 

hybrid zone between davisi and convexum suggests that chromosomal 

divergence between parental cytotypes can proceed nongeographically 
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without significant negative heterosis and yet still result in the 

establishment of independent gene pools. 

The conclusion that there is not significant meiotic selection 

against the heterozygous conditions for the chromosomal rearrangements 

in the davisi-convexum complex is most directly supported by the fact 

that although the parental types possess different arrangements for 

three chromosomal pairs, hybridization occurs over a substantial 

geographic area and at least several backcross generations are 

produced, survive, and are reproductively successful. Genie data for 

four of the 10 marker loci indicate that backcrossing is sufficient to 

successfully result in reconstituted parental karyotypes of both davisi 

and convexum and gene flow (introgression) between the parentals 

within the hybrid zone. Hall (1973) suggested that for chromosomal 

speciations a reasonable level of negative heterosis due to meiotic 

malassortments associated with a single chromosomal rearrangement 

would result in a 10 to 50 percent loss of gametes. Considering that 

davisi and convexum differ with respect to three such rearrangements, 

a range of 30 to 100 percent production of nonviable gametes could be 

expected. Under conditions of such extreme selective pressure on 

reproduction in individuals heterozygous for the chromosomal 

rearrangements, it is highly unlikely that a distribution of 

chromosomal intennediates such as found in the davisi-convexum hybrid 

zone could develop, no less be so successful as to produce the genie 

conditions described above. It is most parsimonious, therefore, to 

assume that each of the individual chromosomal rearrangements involved 
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in this complex results in little meiotic malassortment and that the 

three rearrangements in combination result in low level negative 

heterosis. As discussed earlier, due to the large number of possible 

chromosomal phenotypes, it is not possible to determine from the 

present data whether certain backcross chromosomal phenotypes are more 

strongly selected against than are others. 

Baker et̂  al. (1975) found some indication that fertility may be 

reduced in individuals with intermediate karyotypes. However, six of 

seven females with 2n=43 examined by Baker et. al. (1975) were pregnant 

when collected. None of these embryos appeared to be abnormal and 

their stage of development was comparable to that of embryos collected 

from females with parental cytotypes collected on the same date. 

Individuals with 2n=43 must represent at least first generation 

backcross products and their progeny second generation backcrosses. 

Reproductive success based on the percentage of pregnant females and 

fertility estimates in males was not significantly different between 

karyotypic parentals and intermediates (Baker et̂  al., 1975). 

Fitness Overbalanced Negative Meiotic 

Heterosis Chromosomal Speciation 

A model for initiation and subsequent fixation of a chromosomal 

mutation not affected by the influence of strong negative heterosis 

and the potential for chromosomal speciation is presented 

diagramatically in Figure 3. The most important aspect of this model 

is that there is a selective advantage to the new chromosomal 

arrangement and that the overall fitness of the heterozygote outweighs 
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the negative effect of the meiotic selection against it. For 

simplicity of discussion the model is based on a single chromosomal 

rearrangement. The sequence of events starts when in a population 

homozygous for all chromosomal elements (original homokaryotype) an 

individual undergoes a chromosomal rearrangement in gametogenesis 

resulting in the production of one or more offspring which are 

heterozygous for the chromosomal rearrangement (heterokaryotype). As 

in other models of chromosomal speciation, the heterokaryotype must 

be viable and display no negative effects on developmental fitness. 

If the heterokaryotype is exposed to low meiotic negative heterosis, 

the fecundity of individuals heterozygous for the chromosomal 

rearrangement will be only slightly reduced. The heterokaryotypic 

offspring will therefore successfully backcross to individuals of the 

original homokaryotype. One half of these matings will result in 

reconstituted original homokaryotypes and one half will result in 

reconstituted heterokaryotypes (Fig. 3). If the chromosomal 

rearrangement results in adaptive superiority such that the overall 

fitness of heterokaryotypic individuals outweighs the negative effects 

of meiotic malassortment, then selection will favor an increase in the 

frequency of the chromosomal rearrangement. This process over the 

course of several generations will result in a steady increase in the 

number of heterokaryotype individuals in the population. 

Assuming that the population is somewhat stable, as the number 

of heterokaryotypes in the population increases so does the probability 

of obtaining a cross between heterokaryotypic individuals, resulting in 
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the production of individuals homozygous for the chromosomal 

rearrangement (new homokaryotype). As has been hypothesized for other 

models of chromosomal speciation, and as would be expected under the 

concepts of neo-darwinian evolution, completion of the process of 

incorporation of the chromosomal rearrangement requires that the new 

homokaryotype, like the heterokaryotype, is in some way adaptively 

superior. Under conditions in which there is a steady increase in the 

number of heterokaryotypic individuals in the population, it is not 

necessary to invoke parameters of high inbreeding and low vagility in 

order to obtain individuals which are homozygous for the rearrangement. 

If the organism involved is adapted for high inbreeding and low 

vagility the same sequence of events will be followed. With increased 

inbreeding and lower vagility however the sequence is likely to 

progress at proportionately higher rates. 

Once individuals with the adaptively superior new homokaryotype 

are produced, random mating and directional selection over subsequent 

generations will favor an increase in the number of individuals 

homozygous for the chromosomal rearrangement. As shown in Figure 3, 

crosses involving new homokaryotypic individuals will result in the 

production of additional heterokaryotypic and new homokaryotypic 

individuals. Initially, matings involving new homokaryotype 

individuals will primarily be with either original homokaryotypic 

individuals or heterokaryotypic individuals. Matings between new and 

original homokaryotypic individuals will result in a further increase 

in the number of heterokaryotypic individuals in the population. Any 
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increase in the number of heterokaryotypes will, as described above, 

result in the subsequent production of further new homokaryotypic 

individuals. Matings between new homokaryotypic individuals and 

heterokaryotypic individuals result in a direct increase in the 

number of homokaryotypic individuals since one half of the offspring 

produced in such matings will have the new homokaryotype. The other 

half of the offspring from such matings will have the heterokaryotypic 

conditon, and further increase the pool of heterozygous conditions. 

As the number of adaptively superior new homokaryotypes grows 

as a result of backcrossing, there will be an eventual increase in 

the number of matings between homokaryotypic individuals. In the same 

way as proposed for the other models of chromosomal speciation, the 

adaptive superiority of the homozygous rearranged condition allows 

chromosomally mutated individuals to either invade a new niche (as 

might be the case on the periphery of the range) or better utilize the 

same niche (as might be seen well within the range of ancestral 

populations). This enables the mutated population to spread outward 

from the locality of its initiation. Growth of the new homokaryotype 

population will continue until it has either completely displaced the 

ancestral populations (resulting in the loss of the original 

homokaryotype) or until the adaptational value of the new karyotype is 

counter balanced by environmental changes and external selective 

pressures. It is this last aspect of the process which will determine 

whether or not speciation will result from the incorporation of the 

chromosomal rearrangement. 
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Heterosis and Chromosomal Evolution 

It is essential for incorporation of chromosomal mutations that 

the fitness of the heterozygote counter balance the negative meiotic 

effect of loss of viable gametes. The sequence of events will be 

essentially the same as long as the heterozygous condition is subjected 

to low meiotic negative heterosis, and so long as the new chromosomal 

arrangement in the heterokaryotype and new homokaryotype is adaptively 

superior to the original homokaryotype (in the territory of chromosomal 

rearrangement). The degree to which the chromosomal heterozygotes 

experience positive fitness will determine the rate at which the 

entire process will proceed. Low meiotic heterosis will not 

necessitate balanced polymorphism because, as described above for the 

spread of the new homokaryotype, the mutated population will increase 

in size until the advantage supplied by the new arrangement is counter 

balanced by external factors. At this point the ancestral (if not 

completely replaced) and rearranged populations will remain stable and 

separated by the hybrid zone. Selection for the new homokaryotype 

which experiences no negative heterosis over the heterokaryotype will 

generally prevent the establishment of balanced polymorphism. 

There is little evidence to support heterotic value of 

chromosomal rearrangements. Several hypotheses pertaining to the 

adaptive fitness of chromosomal reorganization have been summarized by 

Dobzhansky (1970), Stebbins (1971), Jackson (1971) and others. Most 

of these theories cite new linkage of adaptive gene complexes or 

effects on recombination as the source of selective advantage in a 
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rearranged karyotype. On the other hand, semi-sterilizing effects of 

chromosomal heterozygosity are well documented (for a review see 

Jackson, 1971). As discussed above, the situation in the JĴ. ̂ . davisi-

JĴ. b̂ . convexum complex suggests that there is a low level of negative 

heterosis functioning in this complex. Evidence to support increased 

fitness of chromosomal rearrangements in these bats is intuitive. 

Under the restraints of Hardy-Weinburg equilibrium, chromosomal 

alterations such as documented for Uroderma, could not develop unless 

the rearrangements provided the organism a positive selective advantage, 

Fitness overbalanced negative meiotic heterosis hybrid zones.--

The overbalanced negative meiotic heterosis model described above 

predicts a necessary increase in the number of heterokaryotypic 

individuals. As long as low negative meiotic heterosis and the 

potential for hybridization persist, a hybrid zone will be maintained 

between the mutated and ancestral populations. As the selective 

advantage of the heterokaryotype is balanced between environmental and 

meiotic restraints, it is possible that the hybridization between 

chromosomally differentiated populations in which negative heterosis 

due to meiotic pressure is quite low will persist in the same 

geographic area for long periods of time. This may well explain the 

continued hybridization between parapatric species of the Sceloporus 

grammicus complex in which genie similarities (S = .789) indicate that 

the species have been maintained as distinct genetic units for 

considerably longer than have the chromosomal forms of Spalax, 

Thomomys or Uroderma. 
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As discussed by White (1969), the width of hybrid zones between 

chromosomally characterized populations is strongly influenced by the 

effects of selection against each form in the territory of the other 

and the vagility of the organisms involved. Considering fitness 

overbalanced negative heterosis due to meiotic malassortment in a 

highly vagile organism such as Uroderma, one would expect the hybrid 

zone to be unusually wide. The chromosomal and electrophoretic data 

are entirely consistent with this expectation. It is however 

interesting to note that actual contact between the pure davisi and 

convexum groups of JĴ. bilobatum is restricted to a small area in the 

middle of the contact zone. Hybridization in either direction from 

this area is primarily the result of backcrossing between chromosomally 

intermediate individuals and between intermediates and parentals. 

These data suggest that there is selection against the 2n=44 race 

south of the area of primary contact and against the 2n=38 race north 

of the area of primary contact. The distribution of diploid numbers 

(Table 2) indicates that the amount of backcrossing in both directions 

decreases proportionately with distance from the center of the hybrid 

zone. Thirteen percent of the individuals taken at the northernmost 

and 7 percent of the southernmost hybrid zone localities were of hybrid 

origin. It appears that selection for each of the two homokaryotypes 

away from the area of primary hybridization provides sufficient 

filtering to effectively block introgression between parental 

populations outside of the hybrid zone. 
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Chromosomal evolution vr^ thê  davisi-convexum group.--In the {[. 

k- davisi-U. b̂ . convexum complex, the speciation process has evolved 

three separate chromosomal rearrangements. It is probable that the 

rearrangements did not occur simultaneously or at the same location. 

As discussed above the very high genie similarity between davisi and 

convexum are not consistent with values which would be expected from 

allopatrically derived taxa which differ by such magnitudes of 

chromosomal distinctness. Because the primitive chromosomal condition 

for Uroderma is not known, any hypothesis as to the sequence of the 

particular changes involved in chromosomal evolution in the 

davisi-convexum complex is speculative. 

Tropical South America probably has served as the primary center 

of evolution and possibly as the area of origin of the family 

Phyllostomatidae (Koopman, 1976). Uroderma bilobatum bilobatum is the 

most widely distributed of the three subspecies which occur in South 

America (for distribution see Davis, 1968) and has 2n=42. It is 

possible that the progenitor of the JĴ. b̂ . davisi-convexum possessed an 

intermediate karyotype, such as that of JJ. b̂ . bilobatum and that one 

alteration (possibly the "C" translocation rearrangement) resulted in 

the 2n=44 form, whereas two rearrangements (possibly "A" and "B" 

fusions) produced the 2n=38 form. 

If the events have followed such a pattern, the single 

rearrangement yielding the 2n=44, davisi race probably arose and spread 

through the northern part of the range of the progenitor. The two 

rearrangements of the convexum group would have arisen separately and 
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spread thoughtout the southern part of the range. Combined, these two 

rearrangements must have provided a greater selective advantage than 

either did by itself or than was afforded the progenitor karyotype. 

It is not necessary for the rearrangements to have been synchronously 

involved in initiation and subsequent incorporation. If as 

hypothesized, however, the meiotic selection against the 

heterokaryotype was insignificant and overbalanced by increased 

fitness, then synchronous or overlapping rise and fixation of the 

rearrangements is a possibility. The 2n=38 rearrangements (either one 

at a time or if overlapped in time and space, as the new 2n=38 

homokaryotype) would have spread northward and southward replacing the 

progenitor race until the adaptive advantage conferred by the new 

homokaryotype(s) was neutralized. 

It is not possible to determine whether the initiation and 

spread of the rearrangements which resulted in the 2n=44 and 2n=38 

races occurred synchronously. Whether or not the events occurred over 

the same span of time, it is likely that the environmental conditions 

of the hybrid zone area play an important role in negating the spread 

of the 2n=44 races south of, and the 2n=38 race north of the Bahia San 

Lorenzo (the area of primary contact between the races). The apparent 

selection against either race in the territory of the other also 

suggests that whichever cytotype reached this area first may have 

provided competition which served to reinforce the barrier to further 

migration of the second. 
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It is reasonable to assume that Uroderma possesses the potential 

vagility to migrate sufficient distances so as to be able to "hop" the 

unfavorable habitat conditions of the area that is now the hybrid zone. 

The genie and chromosomal data indicate however, that this "hop" is not 

effectively made. It seems possible that migration of parentals across 

the hybrid zone is prevented by a combination of maladaptation of one 

(or both) of the parental cytotypes to the adverse conditions within 

and on the other side of the hybrid zone, directional selection for 

each homokaryotype on each side of the zone and possibly competition 

between the cytotypes within the zone. 

Potential for chromosomal speciation via the fitness 

overbalanced negative meiotic heterosis model.--As suggested by Bush 

(1975) some gene flow should occur as a result of hybridization during 

the initial stage of parapatric speciation. In organisms of low 

vagility this gene flow should penetrate only short distances. 

Considering organisms of high vagility it has been assumed that gene 

flow between parapatrically derived types would be so great as to 

result in genetic swamping, thereby preventing the establishment of 

species. As discussed by Hall (1973), any discussions which relate 

chromosomal differentiation and speciation are futile exercises in 

logic unless it can be demonstrated that a chromosomally differentiated 

population has a reasonable probability of completing its genetic 

isolation in the face of continued contact with its progenitor. The 

genie data presented for the JĴ. b̂ . davisi-U. .b. convexum complex 

suggest that although the gene flow resulting from hybridization in 
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organisms of high vagility will penetrate greater distances than in 

organisms of low vagility, directional selection for each of the 

parentals in its own territory and the resulting filtering effect 

across the hybrid zone can negate introgression between parental 

populations outside of the hybrid zone. 

Several theories have been presented to explain why premating 

isolation has not developed in many cases of parapatrically distributed 

species (Moore, 1957; Mayr, 1963; Hall, 1973). Hall (1973), based on 

Sceloporus graimicus, hypothesized the "hybrid sink" concept of 

contact hybridization. According to Hall, the hybrid zone serves as a 

sink which pulls in migrants but, because of reduced fecundity of 

intermediate individuals within the hybrid zone, there is no net 

outward migration from the hybrid zone. If the sink is strong enough, 

genes will only be transmitted toward the center of the zone and 

introgression across the zone will be blocked. There is no evidence 

that the lU. b̂ . davisi-U. b̂ . convexum hybrid zone functions as a hybrid 

sink. The hybrid sink hypothesis, like previous chromosomal speciation 

mechanisms, requires effectively reduced fecundity as a result of 

meiotic malassortment, a narrow hybrid zone, and low vagility of the 

organisms involved. There is no evidence to support these correlates 

of the hybrid sink for Uroderma. Distribution of the marker loci 

across the hybrid zone indicates that there is sufficient migration 

in each direction away from the primary contact locality to carry 

alleles characteristic of each cytotype to the extremes of the hybrid 

zone, distances which far exceed the entire widths of hybrid zones for 

all other hypothesized chromosomally speciated complexes. By the 
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model of fitness overbalanced low negative meiotic heterosis 

chromosomal speciation, it appears that directional selection for each 

parental cytotype and the filter effect of the hybrid zone function to 

genetically isolate the divergent populations. 

Once a barrier to introgression has been established, the 

divergent populations will proceed along paths of independent 

evolution. If the hybrid zone functions effectively to block the 

flow of genes between pure populations of the divergent types, the 

evolution between the nascent species will be essentially the same as 

for allopatric populations. Initially the nascent species will display 

very high genie similarities, as is seen for both the Spalax (S = .960) 

and the Uroderma bilobatum (S = .972) complexes. With increased time, 

the divergent species will independently incorporate mutations that 

cannot be passed across the hybrid zone barrier and the genie 

similarities will decrease as in the Thomomys talpoides complex 

(S = .838) and the Sceloporus grammicus group (S = .787). With 

continued genetic divergence over time it is likely that postmating 

problems will arise and subsequently affect the hybrid zones from the 

outside, resulting in a narrowing effect. If low meiotic negative 

heterosis persists, primary hybridization will continue, although 

backcrossing should be progressively reduced. Hybridization will 

continue until (or if) divergence becomes so great as to result in 

premating isolation, for example by behavioral isolation or 

development of asynchronous reproductive cycles. Premating isolation 

may develop coincidently with or without selection for it, over the 
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course of time due to increasing overall genetic differences as a 

result of independent evolution of the pure forms outside of the hybrid 

zone. 

Based on the genie data, the \J_. b_. davisi-U. .b. convexum complex 

is currently in the final stages of the speciation process. 

Independent evolution in davisi and convexum has only recently begun, 

and the nature of the hybrid zone is as predicted from the described 

chromosomal speciation model. If the effective parameters (both 

genetic and external) remain unchanged and the events progress as 

hypothesized above, then with time the extent of backcrossing and 

length of the hybrid zone will be reduced. Given sufficient time and 

substantial phyletic changes between the parental genomes, 

hybridization between the 2n=44 and 2n=38 forms of Uroderma should 

cease to exist. 

The model described above can be fitted to all of the 

hypothesized cases of chromosomally speciated groups of vertebrates. 

It is not necessary for multiple chromosomal rearrangements, such as 

is characteristic for the Uroderma groups, to be involved. It is only 

necessary for chromosomal rearrangement to result in low level 

negative meiotic heterosis and for the new karyotypic arrangement to 

confer sufficient selective advantage to both heterokaryotypic and 

new homokaryotypic individuals so as to ensure its continued existence. 

Low vagility and subsequent high levels of inbreeding, such as have 

been demonstrated or postulated for the Spalax, Thomomys and Sceloporus 
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species would serve to speed up the process of fitness overbalanced 

low negative meiotic heterosis chromosomal speciation. 

The Spalax chromosomal forms show wery nearly the same level of 

genie similarity as the l[. bilobatum cytotypes. The high similarity 

suggests that the Spalax cytotypes only recently have been genetically 

isolated. Based on the proposed model one would predict that 

backcrossing should still be prevalent, but that due to low vagility 

(and hypothesized inbreeding) in this group, the hybrid zone should 

be attenuated. Chromosomal differences are sufficient in two of the 

four Spalax forms to enable recognition of some backcross individuals 

(Nevo and Bar-El, 1976). The high frequency of backcross individuals 

indicates that hybrids successfully backcross to both parental types 

across narrow zones of contact and suggests that backcrossing may 

persist for additional generations. In both the Thomomys talpoides 

(Thaeler, 1974) and Sceloporus grammicus groups (Hall and Selander, 

1973) backcrossing is extremely limited if not nonexistant. These 

data are consistent with the predictions of the low negative meiotic 

heterosis model. 

This model of chromosomal speciation provides the explanation 

as to why when chromosomal rearrangements play a significant role in 

the development of new species, that the speciation is accompanied by 

little change at the genie level (Nevo and Shaw, 1972; Nevo et al., 

1974; Bush, 1975; Avise, 1976). It is not possible to determine how 

many species may have been produced via such a mode of speciation 

because the hybrid zones resulting from such speciations will, in 
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most eases, disappear after a significant amount of phyletic changes, 

as displayed by morphological distinctness (the usual means for 

identifying species), have accumulated in the species. Once the hybrid 

zone has been eliminated, the situations will not appear to differ 

characteristically from cases of allopatric speciation accompanied by 

karyotypic changes. Additionally, available data suggest that 

chromosomal speciation will more likely involve single rearrangements 

or chromosomal cascades (Hall, 1973), involving a series of parapatric 

speciations each initiated by a single rearrangement. Fitness 

overbalanced low negative meiotic heterosis chromosomal speciation 

will be completed more rapidly if one rearrangement is involved than 

if several must combine to produce the gene flow barrier. Also, as 

discussed earlier, cases involving only a single rearrangement will 

not yield karyotypically distinct backcross individuals so that 

detection of such cases is difficult. 

Whether or not such a model has resulted in the creation of a 

significant number of species, the model provides a mechanism which 

may explain how chromosomal rearrangements can arise and become 

incorporated in populations without regard to parameters of inbreeding, 

vagility, or social structure. Chromosomal rearrangement is 

characteristic of congeneric species of many varying types of 

organisms, many of which can not readily be molded to fit the criteria 

of Bush's (1975) type II species. Chromosomal rearrangement 

incorporation and possible speciation via a fitness overbalanced low 
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negative meiotic heterosis model may account for a large portion of 

this specific level diversity. 

Wilson et al. (1975) and Bush et al. (1977) have presented data 

comparing the rates of chromosomal evolution in various groups of 

vertebrates. These authors contend that in general mammals exhibit 

far more rapid karyotypic evolution than do lower vertebrates. The 

high rate of mammalian chromosomal evolution was attributed to social 

structuring in mammals resulting in population subdivision into small 

demes promoting both rapid speciation and the incorporation of 

chromosomal rearrangements by inbreeding and drift. This view of 

chromosomal evolution is ultimately dependent upon the hypotheses 

that there is a signficant reduction in the fecundity of chromosomal 

rearrangement heterozygotes, that heterozygotes experience no increase 

in overall fitness, and that small effective population size is 

essential in order to overcome the negative heterosis barrier. 

Although, in some cases, mammalian groups do display biological 

traits which may facilitate rapid saltational speciation, data for 

several vertebrate groups in which chromosomal rearrangements appear 

to have played a significant role in the evolutionary process are not 

consistent with the hypotheses of Wilson et al. (1975) and Bush et. al. 

(1977). The social structuring, small effective population hypothesis 

predicts that among those lower vertebrates characterized by slow 

chromosomal evolution there should be a lack of populational 

subdivision creating small demes. As discussed by Bush et. al. (1977) 
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the hypothesis remains untested as there are little data available on 

effective population sizes in lower vertebrates. 

As an alternative hypothesis to explain disparate rates of 

chromosomal evolution, a chromosomal canalization model has been 

proposed by Bickham and Baker (pers. comm.). The canalization model 

predicts that older lineages (such as turtles and many other lower 

vertebrate groups) will show less chromosomal diversity than will 

newer lineages (such as rodents, primates and horses) as a result of 

the purifying effects of evolution on the karyotype. The canalization 

model accounts for disparate rates of chromosomal diversity within 

individual groups as when a new niche is invaded, the purification of 

the karyotype may be reinitiated resulting in renewed chromosomal 

evolution. 

The fitness overbalanced low negative meiotic heterosis model 

of chromosomal rearrangement incorporation and speciation is consistent 

with the canalization model of chromosomal evolution. If chromosomal 

alteration is the result of selection for a new homokaryotype with 

little effective meiotic selection against the heterokaryotype due to 

its increased fitness, there is no reason to assume that rates of 

chromosomal evolution would differ between major groups of the same 

relative age unless some groups undergo a greater rate of mutation or 

possess more efficient mechanisms for maintaining low levels of meiotic 

malassortment. Under the canalization model, chromosomal evolution 

would pass through an initial rapid stage but over time would decrease 

as the optimum karyotype was selected for. Apparent disparate rates 
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of chromosomal evolution between mammals and lower vertebrates would 

be the result of obtained karyotypic stability in older lower 

vertebrates, not slower rates of chromosomal evolution. 

In summary, the fitness overbalanced low negative heterosis 

model for the incorporation of chromosomal rearrangement and possible 

subsequent speciation seems to present a viable hypothesis for 

chromosomal evolution applicable to all groups. It is somewhat 

contradictory to assume that an evolutionary process as prevalent as 

chromosomal alteration is dependent upon genetic drift. If as 

hypothesized, chromosomal rearrangement heterozygotes are not always 

characterized by strong meiotic disadvantage and may be better fit as 

a result of a new chromosomal arrangement, then the course of 

chromosomal evolution will not be dependent upon highly unlikely 

random events, but on selection for new advantageous chromosomal 

arrangement. 



SUMMARY 

Chromosomal and electrophoretic parameters were examined for 

three chromosomal races of the tent-making bat, Uroderma. One form, 

JJ.. magnirostrum is known to be a species distinct from all other 

Uroderma. Genie data support this taxonomie distinction revealing 

that genetic integrity of JJ. magnirostrum is maintained when this 

species is sympatric with other Uroderma. 

Uroderma bilobatum davisi (2n=44) and Û . b̂ . convexum (2n=38) 

are parapatrically distributed and form a 200 km long hybrid zone 

along the western versant of El Salvador, Honduras and Nicaragua. 

Genetic analyses of this complex reveals that the cytotypes maintain 

themselves as distinct genetic entities (species) in the absence of 

an effective premating isolation mechanism. 

As chromosomal rearrangement heterozygotes are commonly viewed 

as being less fit, there is widespread acceptance among evolutionary 

biologists that small initial population size, high levels of 

inbreeding and low vagility are essential for chromosomal evolution. 

For mammals, it has been hypothesized that social structuring resulting 

in populational subdivision into small demes provides the necessary 

inbreeding and genetic drift to enable chromosomal evolution. The 

unusually high genie similarities for distinct gene pools characterized 

by extensive chromosomal divergence is interpreted as suggesting 

parapatric speciation for Û . b̂ . davisi and JĴ. b̂ . convexum. 

90 
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The genie and chromosomal data for the Û . b̂ . davisi-U. b̂ . 

convexum complex are not consistent with the currently accepted 

hypotheses of chromosomal speciation. Electrophoretic data reveal 

that functional vagility in these bats is as would be expected of 

volant animals. Additionally, there is sufficient gene flow between 

populations of each cytotype to suggest that populations of Uroderma 

are not subdivided into small demes and that these bats are not 

adapted to high levels of inbreeding and subsequently exposed to 

strong effects of genetic drift. The presence within the hybrid zone 

of at least two generations of successful backcross individuals and 

of reconstituted parental karyotypes is strong evidence that 

individuals heterozygous for several chromosomal rearrangements do 

not experience significantly reduced fecundity. 

A model of chromosomal rearrangement incorporation and 

subsequent speciation based on the assumption that chromosomal 

heterozygotes are more fit as a result of possessing an adaptively 

superior chromosomal arrangement and therefor not subjected to severe 

reduction in reproduction is presented and discussed. According to 

this model, incorporation of a chromosomal rearrangement is the result 

of the fitness conferred by the new chromosomal arrangement 

overbalancing the negative meiotic effect of chromosomal rearrangement 

heterozygosity and selection for the adaptively superior chromosomal 

rearrangement in both the heterozygote and new homozygote. The model 

is applicable to organisms without regard to biological characteristics 

of population size, population locality, inbreeding, drift or vagility. 
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