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not ensure that their joint solutions do not
interact. This is clearly an undesirable
property that is not shared by methods that
form groups based only on the spatial re-
lationships of OTUs that are relatively
close together. Classifications based on
minimum spanning trees (e.g., by using
the single-link clustering method) and the
UPGMA clustering method are obvious
examples of methods that do not have
these problems.

The problems dlscussed above may be
part of the reason why a number of em-
pirical studies (e.g., Sokal and Rohlf, 1981;
Rohlf et al., 1983) have shown that phy-
logenetic classifications based on Wagner
trees do not have the properties that many
workers expected. This is despite the var-
ious arguments for its theoretical advan-
tage as a phylogenetic method. The theo-
retical advantages of classifications based
on true phylogenetic trees may not be
shared by classifications based on trees
from particular statistical estimation pro-
cedures.
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This is a response to two “Points of
View’ (Griffiths, 1983; Warner, 1983) con-
cerning the systematics of the New World
nectar-feeding bats (Phyllostomidae) and
criticism of our paper (Haiduk and Baker,
1982) on studies of G-banded chromo-
somes of this group.

First, we will address Griffiths’ paper.
We agree with him that there is consid-
erable congruence in the conclusion
reached in his morphological study and
our study of G-banded chromosomes. It

appears to us that there are two major areas
of disagreement, one between the two em-
pirical data sets and the other in system-
atic philosophy. First, Griffiths concluded
that a clade including the genera Loncho-
phylla, Lionycteris, and Platalina was not
closely related to the other nectar feeders,
whereas we concluded that this clade fell
among the other genera of nectar feeders.
We pointed out that our data from G-band-
ed chromosomes were not as definitive as
one might hope, and there was the possi-
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bility that the Lonchophylla-clade repre-
sents the first dichotomy in the taxa stud-
ied.

The second major disagreement be-
tween Griffiths” conclusions and our own
is that he concluded that the nectar feed-
ers should be split into four subfamilies
(the Glossophaginae, Brachyphyllinae,
Phyllonycterinae and Lonchophyllinae).
We feel that even if it does prove true that
the Lonchophylla-clade lies outside what is
currently recognized as the Brachyphylli-
nae and the remainder of the currently
recognized Glossophaginae, all of these
nectar feeders should still be placed into
a single subfamily. If it should prove to be
true that Griffiths” Lonchophylla-clade did
not share a common ancestry with the oth-
er nectar feeders examined by him (in-
cluding the currently recognized Brachy-
phyllinae), then his proposed new
subfamily, the Lonchophyllinae, would be
valid. However, with the contradictory
nature of available data sets, we do not
feel such recognition is justified at this
time.

We see no justification for the continued
recognition of Brachyphyllinae (com-
posed of Brachyphylla, Erophylla and Phyl-
lonycteris) nor the recognition of subfami-
lial status for the Brachyphyllinae,
Phyllonycterinae and Lonchophyllinae in
addition to the Glossophaginae. This con-
clusion is based on the fact that, while
some tentative data exist supporting com-
mon ancestry between these taxa, no data
support a closer relationship between any
of these nectar-feeding taxa and other
phyllostomid groups than exists between
nectar-feeding taxa. Admittedly, the nec-
tar feeders are a diverse assemblage of taxa,
but does that diversity necessarily require
the recognition of new subfamilial group-
ings? We do not see any data justifying
such an arrangement at this time.

Also, if the Lonchophylla-clade is a valid
taxonomic unit, this level of divergence
should be reflected in other anatomical and
biochemical features. Although Loncho-
phylla was the most divergent of the Glos-
sophaginae studied by microcomplement
fixation of albumins, Baker et al. (1981) did

not provide data on the appropriate taxa
to tell how divergent Lonchophylla was
from the other subfamilies of the Phyllo-
stomidae. The use of albumin data in the
study of relationships among members of
the Phyllostomidae may not provide ac-
curate estimates of divergence because al-
bumin evolution in this group does not
appear to proceed in a regular, clock-like
fashion (Arnold et al., 1982). Arnold et al.
(1982:9) stated “It thus is fair to point out
that the ‘molecular clock” concept never
would have been formulated on the basis
of a study of phyllostomoid albumin eve-
lution.” Data are now needed from other
subfamilies in the Phyllostomidae as well
as studies to determine if the great dis-
tance for Lonchophylla is the result of a long
period of divergence or irregularities in its
rate of evolution.

Warner (1983) has raised some valid
criticisms concerning the problems asso-
ciated with chromosomal characters, es-
pecially in taxa with megaevolved karyo-
types. Other criticisms raised by Warner,
however, are either unsubstantiated or are
the result of misinterpretations of the pur-
pose of our original paper. We will begin
by addressing criticisms of purpose and
then address those dealing with chromo-
somal data and their analysis.

Warner stated “While Haiduk and Baker
(1982) claimed a reanalysis of Griffiths” data
indicates that the most ‘parsimonious’
cladogram consistent with the morpho-
logical information is identical to their
cladogram based on chromosomal data,
this is not necessarily true ...” (Warner
1983:279, italics ours). What we said was
“his data are more parsimoniously ex-
plained by the branching pattern result-
ing from chromosomal data” (Haiduk and
Baker, 1982:262, italics added). The differ-
ence between more and most may seem
insignificant, but when taken in the con-
text of our paper and Warner’s Point of
View, there is a substantive difference. Our
primary reason for reanalyzing Griffiths’
data was to point out the underlying con-
gruence that appeared to exist between
morphological and chromosomal data. The
critical component of our text which War-
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ner apparently overlooked is summarized
in the following statement: “The critical
point of our reanalysis is that when Grif-
fiths” (1982) data are placed into a clado-
gram with the same branching sequences
resulting from a cladistical analysis of
G-banded chromosomes, fewer reversals
or convergent events are required to ex-
plain his data” (Haiduk and Baker, 1982:
262). We never attempted to produce the
most parsimonious cladogram but simply
to point out that a cladogram for the mor-
phological data that had the same basic
branching sequence as one based on chro-
mosomal data was more parsimonious than
Griffiths” cladogram if strict parsimony is
observed in its construction.

Warner (1983) also stated that our study
was “clearly a reply to Griffiths” (1982) hy-
pothesis.” It was a reply, but only in the
context of synthesizing two data sets. Such
is a natural consequence of taking all the
available data into account when examin-
ing a given question and represents noth-
ing more than an attempt to arrive at some
congruent representation of reality. The
two data sets were generated indepen-
dently and, because they dealt with the
same taxa, it is only natural that a synthe-
sis be done by whichever appeared last.
We feel confident that, if our paper had
appeared first, Griffiths probably would
have addressed our work in a similar man-
ner. As a matter of record, our analysis be-
gan in 1979 and the timing of publication
of Griffiths” work required extensive re-
writing of previous drafts. The commit-
ment required to collect the magnitude of
G-band data presented in Haiduk and Ba-
ker (1982) and to properly analyze the re-
sulting data makes it obvious that our
study had to be designed and conducted
prior to the appearance of Griffiths” pub-
lication.

Again Warner stated “Although I have
doubts about identifying a karyotype as
plesiomorphic for the whole family, since
outgroup comparison cannot be performed ...”
(Warner, 1983:279; italics added). Repre-
sentatives of the Noctilionidae and Mor-
moopidae (for which all 10 recognized
species have now been G-banded; Sites et

al., 1981) are an appropriate outgroup and
such comparisons have been performed
(Patton and Baker, 1978). Although War-
ner might conclude that the analysis and
proposed homology is inaccurate (Patton
and Baker, 1978; Sites et al., 1981; Baker et
al., 1983), to say “outgroup comparisons
cannot be performed” is incorrect. Rela-
tive to Griffiths” conclusion that our out-
groups were too distant, we note that Mac-
rotus (subfamily Phyllostominae) is an
appropriate outgroup for the glossopha-
gines and such outgroup comparisons have
been made (Baker and Bass, 1979). Addi-
tionally, comparisons of Artibeus, Sturnira,
and Uroderma with the karyotype pro-
posed as primitive for the glossophagines
(Baker et al., 1982) revealed that the pro-
posed primitive for the Stenodermatinae
(Baker et al., 1979) shares few if any syn-
apomorphies with the proposed primitive
for the Glossophaginae.

None of the studies (Patton and Baker,
1978; Baker and Bickham, 1980; Baker et
al., 1981; Sites et al., 1981) on cladistical
analyses of G-banded chromosomes of the
Phyllostomidae have ever concluded that
outgroup comparisons cannot be made. It
is true that outgroup comparisons for the
superfamily, Phyllostomoidea, have not
been performed. However, it is clear that
only five chromosomal rearrangements
distinguish the karyotype of Macrotus wa-
terhousii (which is identical to that pro-
posed as primitive for the family) from that
found in two species of Noctilio and most
mormoopids (Sites et al., 1981). Most of
the proposed primitive linkage groups are
found in representatives of the Phyllo-
stominae, Glossophaginae, Carollinae, and
Sternodermatinae. These abundant data
strongly indicate that the primitive karyo-
type for the family is similar to that found
in Macrotus waterhousii (less probably like
that found in Noctilio and mormoopids)
and that the primitive for the Glossopha-
ginae is like that found in Glossophaga and
Brachyphylla. Although Warner (1983) may
be of the opinion that the study of G-bands
is not valid for systematic studies, there is
a wealth of data (specifically on the phyl-
lostomoid bats and on other mammals and
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other vertebrates in general) that we find
difficult to dismiss. Workers from our and
other laboratories have concluded that it
is possible to recognize G-band homology
between families (Dutrillaux, 1979; de
Grouchy et al., 1978; Creau-Goldberg, 1981;
Bickham, 1981; Yunis and Prakash, 1982).

As justification for rejecting data gen-
erated from analysis of G-banded chro-
mosomes, Warner (1983) indicated that he
had trouble identifying segments that we
have stated are homologous between taxa.
In reality, it is relatively unimportant
whether someone is able to identify sim-
ilar segments from published figures. What
is important concerning the process of as-
signing G-band homology can be reduced
to two primary groups of questions. First,
are reproducible results possible? Do in-
dependent workers come to identical con-
clusions concerning which segments are
homologous? Second, do the G-banding
patterns accurately document genetic ho-
mology of chromosomal segments?

The first question is easily tested. By
having several different researchers ex-
amine the same spreads and identifying
them to a standard, one can provide a di-
rect measure of how reproducible this
technique is. We did this a number of years
ago at Texas Tech and came to the conclu-
sion that, if the researchers were well ex-
perienced in comparing G-banding pat-
terns, the results were reproducible. For
the best spreads, over 90% of the arms were
identified as the same by different work-
ers. However, in all examples where there
were small chromosomes, some of these
elements were not consistently identified
by independent workers as homologous.
These observations formed the basis for
the statement in Baker and Bickham (1980:
240), “Some comment is merited on the
reliability of the above methods of deter-
mining the amount of rearrangements in
the phylogeny of a species. We are sure
that, within the families Phyllostomatidae
and Vespertilionidae, there are some errors
in identifying homologous G-band seg-
ments of chromosomes between divergent
taxa; however, we think that the error level
is below 10 percent.” We obviously agree

with Warner’s (1983) conclusion that de-
termining homology between segments
can be difficult and workers from this lab-
oratory have so stated (Baker and Bick-
ham, 1980). However, we also are of the
opinion that, with proper careful exami-
nation of several to many spreads, these
types of studies are reproducible.
Concerning Warner’s (1983) specific
criticisms on the assignment of chromo-
somal homology several points can be
made. First, arm E of many of the taxa ex-
amined is clearly different than 23-24i of
Glossophaga in several respects. Relative to
the remainder of the genome, arm E is
roughly twice the size of the 23-24i ele-
ment in Glossophaga but not as large as the
entire 21-24i/21 element found in Glos-
sophaga: Based on the banding sequences,
it appears that the most probable origin of
arm E is from the 27/22 chromosome of
Glossophaga by an inversion. This conclu-
sion is based on the fact that the 27/22 is
of appropriate size and also the two ter-
minal G-positive bands in arm E match two
bands characteristic of arm 27. An inver-
sion in this chromosome to produce an ac-
rocentric chromosome would also produce
a pattern of lighter, subtle banding that
corresponds to the pattern seen in arm E.
Warner also was unsure of our ability to
distinguish between the 13/2, 13/18 and
2/28 chromosomal conbinations. Arms 2
and 18 are easily distinguished on the ba-
sis of banding patterns. Arm 2 has a dis-
tinct arrangement that can be summarized
as follows: a large G-negative band prox-
imal to the centromeric region, followed
by a fairly thick, intensely staining G-neg-
ative band, then a moderately sized G-
negative region, another G-positive band
which is narrow and moderately staining,
another fairly broad G-negative band, a set
of two closely placed G-positive bands that
are separated by a narrow G-negative band,
and finally a terminal G-negative telo-
meric band. Arm 18 is similar in overall
appearance but a close analysis reveals
many differences in the banding pattern.
The only real similarity between the two
is that both have a fairly thick, densely
staining G-positive band. The position of



1984

POINTS OF VIEW

347

this band is different as are the other bands
found in arm 18; between the centromere
and the thick G-positive band (which is
positioned more medially in arm 18 than
it is in arm 2) is a G-negative region with
at least 3 G-positive bands included. Distal
to the thick, G-positive band is an alter-
nating pattern of G-negative and G-posi-
tive bands (3 and 2, respectively) none of
which are as broad or intensely stained as
in chromosome 2. These banding charac-
teristics of arms 2 and 18, respectively, are
observable in taxa ranging from mormo-
opids and noctilionids to other phyllosto-
mids and can be easily discriminated.
When the chromosomal element in the
derived glossophagines was examined in
side-by-side comparisons we determined
that the distal one half of the arm in ques-
tion corresponded exactly in banding pat-
tern to chromosome arm 2.

The possible 2/28 fusion proposed by
Warner to account for the chromosome we
identified as a 13/2 can be ruled out on
the basis of size considerations and differ-
ences in banding pattern. Linkage groups
13 and 28 are similar in appearance be-
cause both possess one medially posi-
tioned G-positive band, but the 28 is half
the size of 13. Additionally, between the
dark G-positive band and the centromere
is a relatively broad G-negative band in
28, but this region in 13 stains darker and
includes several fine G-positive bands.
There are also subtle bands in the region
distal to the intense G-positive band of arm
13 (a region not even present in 28) that
match a region in the proposed 13/2 fu-
sion just above (proximal to) the “centro-
meric” region of arm 2. Thus, if side-by-
side comparisons are made, it is found that
the chromosomal element in question is
essentially a perfect match to the proposed
tandem fusion of 13 and 2.

Warner also suggested that the inver-
sion in the Lonchophylla 13/2 would make
a bad situation even worse in terms of our
ability to recognize homologies. It is true
that rearrangements can potentially make
homologies difficult to recognize, but in
this specific case two factors eliminate this
problem. First, as outlined above, we have

no difficulty in recognizing the 13/2 com-
bination. Secondly, the inversion in-
volved in the Lonchophylla chromosome
involves only a very small region, proxi-
mal to the centromere, such that the cen-
tromere position has been shifted but the
vast majority of the banding sequence of
this arm has been undisturbed. Therefore,
we feel that there is a very high probabil-
ity that the identification of the 13/2 is
accurate, even in Lonchophylla where it has
undergone a pericentric inversion.

The second question regarding the cor-
relation between G-band patterns and ge-
netic homology of chromosomal segments
is an important one to address. Several
studies provide evidence that there is an
association between G-band patterns and
genetic homology (Francke and Taggart,
1980; Stubblefield, 1980; Creau-Goldberg
et al., 1981; Ma et al., 1982). There appear
to be certain linkage groups, such as those
associated with the X chromosome, that
are conserved in many diverse organisms
(Stock and Hsu, 1973). Additionally, link-
age groups have been found to be con-
served in organisms as divergent as Mus
musculus and man (Lalley et al., 1978).
Franke and Taggart (1980) mapped specif-
ic genes to the X chromosome in both hu-
mans and Mus, but determined that the
order of these genes was different. The dif-
ferent order of genes was apparently pro-
duced by an inversion that corresponded
to an inverted segment as determined by
G-band analysis.

Another point not considered by War-
ner (1983) is that studies involving other
sorts of data, such as electrophoretic, mor-
phological, or microcomplement fixation,
do not present raw data that allow de-
tailed reexaminations of a given study
from the published account. The best one
can hope for is representative figures
which accompany processed data. Our fig-
ures were presented as representative of
the kinds of data being analyzed. Warner’s
inability to determine homology from
them is not surprising in light of the fact
that before homologous status is assigned,
chromosomal segments from many cells
are examined in side-by-side comparisons.
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Electrophoretic studies involve a compa-
rable situation in that, before conclusions
are drawn concerning genetic similarity or
difference at each locus, numerous side-
by-side comparisons of the various allelic
forms must be completed. However, if the
authors of an electrophoretic study were
required to document all of their conclu-
sions for a given locus on a photograph of
a gel, the result would be no more im-
pressive than our single photograph of
G-banded chromosomes. We are not aware
of any systematic study where the raw data
are presented so that other workers can
completely reanalyze the study without
examination of the data sheets, gels, mi-
croslides, etc., or by the study of addition-
al specimens.

The problems indicated by Warner for
chromosomal data are not unique to chro-
mosomal data sets. Within the phyllosto-
mid bats, the generation of electrophoretic
data is difficult and researchers can draw
inaccurate conclusions as exemplified by
Straney et al. (1979), where these authors
concluded that Desmodus and Glossophaga
are closely related as documented by a
Nei’s (1972) genetic distance of 0.35 (a
conclusion that was retracted by a note
added in galley because further research
documented that these two genera shared
very few alleles). Nei’s genetic distance
value published by Honeycutt et al. (1981)
for these two genera is 1.23.

The point that we wish to make from
the above is that different types of data
sets have different problems and in most
cases there must be the development of a
certain amount of research skill that goes
beyond the level of other workers who
have no experience in a specific area. Also,
we note that the problems associated with
identifying homology and directionality
in transformation series in chromosomal
data sets, which Warner (1983) indicated
are reasons to reject our systematic conclu-
sion, are not unique to chromosomal data.
These problems continually plague all at-
tempts at phylogenetic reconstruction, no
matter what type of data is employed.

Warner (1983:282) stated that “It ap-

pears that at the current level of technical
resolution chromosomal banding patterns
cannot provide sufficient unambiguous
information to assess phylogenetic rela-
tionships within groups, such as the ‘glos-
sophagines,” in which there has been ex-
tensive repatterning of the karyotypes

” However, there are examples where
G banded chromosomes are valuable in
showing relationships in forms with a
highly rearranged karyotype. An example
is the relationship of Hylonycteris to Choe-
roniscus, Choeronycteris and Musonycteris.
Phillips (1971) and Gardner (1977) both
concluded that Hylonycteris was not closely
related to these three genera; however,
seven chromosomal synapomorphies
identify a clade (see fig. 8 of Haiduk and
Baker, 1982) containing the four genera
and five other synapomorphies identify
Hylonycteris as sharing a common ancestor
with Choeronycteris and Musonycteris after
separating from the Choeroniscus lineage.
The highly reorganized karyotypes, such
as those in the Choeroniscus group, are hard
to derive from a primitive condition such
as in Glossophaga because the degree of res-
olution is inadequate to identify all prim-
itive segments and the types and se-
quences of rearrangements that have
occurred. However, within the Choeronis-
cus group, homology can be determined
with a high level of confidence and, al-
though the statement “Plus seven totally
rearranged arms” in our cladogram (Hai-
duk and Baker, 1982:261, fig. 8) may sound
vague and uncertain, what it means is that
seven major arms as shown in fig. 7 are
synapomorphies for this group. The num-
ber and types of rearrangement events are
uncertain, but the homology of the result-
ing chromosome arms within this group
is as probable as homologies proposed for
other characters used in bat systematics.
The complexity and number of chromo-
somal synapomorphies (Baker et al., 1983)
certainly suggest that the proper relation-
ship for these taxa has been defined. On
the basis of morphological data, Griffiths
associated these four genera but he con-
cluded that in some cases “the characters
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of the hyoid and lingual regions are in-
sufficient to distinguish between them, and
I must rely on dental and karyotypic ob-
servations” (Griffiths, 1982:40). The fact
that G-band chromosomal data provide
synapomorphies, in examples as shown
above, documents the fallacy of Warner’s
(1983) logic. Although opinions such as
those expressed by Warner (1983) can be
important because they may inspire some-
one to design a critical study, one should
not lose sight of the fact that scientific
conclusions must ultimately be based on
empirical data.

ACKNOWLEDGMENTS

Craig S. Hood provided extensive input and help-
ful ideas. Janet K. Braun, Ron K. Chesser, Daniel S.
Gallagher, Len O. MacDonald, Kim Nelson, John A.
Nilsen, Robert D. Owen, Calvin A. Porter, Mazin B.
Qumsiyeh, and Fred B. Stangl, Jr., critically reviewed
the manuscript.

REFERENCES

ARNOLD, M. L., R. L. HONEYCUTT, R. J. BAKER, V. M.
SARICH, AND J. K. JONEs, JrR. 1982. Resolving a
phylogeny with multiple data sets: A systematic
study of phyllostomoid bats. Occas. Pap., The Mu-
seum, Texas Tech Univ., 77:1-15.

BAKER, R.J., AND R. A. Bass. 1979. Evolutionary re-
lationships of the Brachyphyllinae to the glossoph-
agine genera Glossophaga and Monophyllus. J. Mam-
mal., 60:364-372.

BAKER, R. J., R. A. Bass, AND M. A. JoHNSON. 1979.
Evolutionary implications of chromosomal homol-
ogy in four genera of stenodermine bats (Phyllo-
stomatidae: Chiroptera). Evolution, 33:220-226.

BAKER, R. J., AND J. W. BickHAM. 1980. Karyotypic
evolution in bats: Evidence of extensive and con-
servative chromosomal evolution in closely related
taxa. Syst. Zool., 29:239-253.

BAKER, R. J., M. W. HaiDuk, L. W. RoBBINS, A. CADE-
NA, AND B. F. Koopr. 1982. Chromosomal studies
of South American bats and their systematic im-
plications. Pages 303-327 in Mammalian biology in
South America (M. A. Mares and H. H. Genoways,
eds.). Spec. Publ. Ser. Pymatuning Lab. Ecol. Vol-
ume VI. Linesville, Pennsylvania.

BAKER, R. J., R. L. HONEYCUTT, M. L. ARNOLD, V. M.
SARICH, AND H. H. GENowaAys. 1981. Electropho-
retic and immunological studies on the relation-
ship of the Brachyphyllinae and Glossophaginae.
J. Mammal., 62:665-672.

BAKER, R. J., B. F. Koor, AND M. W. HAIDUK. 1983.
Resolving systematic relationships with G-bands:
A study of five genera of South American cricetine
rodents. Syst. Zool., 32:403-416.

BickHAM, J. W. 1981. Two-hundred-million-year-old

chromosomes: Deceleration in the rate of karyo-
typic evolution in turtles. Science, 212:1291-1293.

CREAU-GOLDBERG, N., C. CocHET, C. TURLEAU, AND J.
DE GROUCHY. 1981. Comparative gene mapping
of man and Cebus capucinus: A study of 23 enzy-
matic markers. Cytogenet. Cell Genet., 31:228-239.

DE GROUCHY, J., C. TURLEAU, AND C. FINAz. 1978.
Chromosomal phylogeny of the primates. Annu.
Rev. Genet., 12:289-328.

DurtriLLAUX, B. 1979. Chromosomal evolution in
primates: Tentative phylogeny from Microcebus
murinus (prosimian) to man. Hum. Genet., 48:251-
314.

FRANCKE, U., AND R. T. TAGGART. 1980. Comparative
gene mapping: Order of loci on the X chromosome
is different in mice and humans. Proc. Natl. Acad.
Sci. USA, 77:3595-3599.

GARDNER, A. L. 1977. Chromosomal variation in
Vampyressa and a review of chromosomal evolu-
tion in the Phyllostomidae (Chiroptera). Syst. Zool.,
26:300-318.

GRIFFITHS, T. A. 1982. Systematics of the New World
nectar-feeding bats (Mammalia, Phyllostomidae),
based on morphology of the hyoid and lingual re-
gions. Am. Mus. Novit., 2742:1-45.

GRrIFFITHS, T. A. 1983. On the phylogeny of the
Glossophaginae and the proper use of outgroup
analysis. Syst. Zool., 32:283-285.

Hambuk, M. W., AND R. J. BAKER. 1982. Cladistic
analysis of G-banded chromosomes of nectar-feed-
ing bats (Glossophaginae: Phyllostomidae). Syst.
Zool., 31:252-265.

HoNEeycutT, R. L., I. F. GREENBAUM, R. J. BAKER, AND
V. M. SARICH. 1981. Molecular evolution of vam-
pire bats. J]. Mammal., 62:805-811.

LALLEY, P. A., J. D. MINNA, AND U. FRANCKE. 1978.
Conservation of autosomal gene synteny groups in
mouse and man. Nature, 274:160-163.

Ma, N. S. F., T. SIMEONE, J. MCLEAN, AND P. PARHAM.
1982. Chromosome localization and gene synteny
of the major histocompatibility complex in the owl
monkey Aotus. Inmunogenetics, 15:1-16.

NE, M. 1972. Genetic distance between popula-
tions. Am. Nat., 106:283-292.

PATTON, J. C., AND R. J. BAKER. 1978. Chromosomal
homology and evolution of phyllostomatoid bats.
Syst. Zool., 27:449-462.

PHiLLips, C.J. 1971. The dentition of glossophagine
bats: Development, morphological characteristics,
variation, pathology, and evolution. Misc. Publ.
Mus. Nat. Hist., Univ. Kansas, 54:1-138.

SITES, J. W., JR., J. W. BICKHAM, AND M. W. HAIDUK.
1981. Conservative chromosomal change in the bat
family Mormoopidae. Can. J. Genet. Cytol., 23:459-
467.

Stock, A. D., aND T. C. Hsu. 1973. Evolutionary
conservatism in arrangement of genetic material.
Chromosoma, 43:211-224.

STRANEY, D. O., M. H. SMITH, 1. F. GREENBAUM, AND
R.J. BAKER. 1979. Biochemical genetics. Pages 157~
176 in Biology of bats of the New World family
Phyllostomatidae. Part III (R. J. Baker, J. K. Jones,



350 SYSTEMATIC ZOOLOGY VvOL. 33

Jr., and D. C. Carter, eds.). Spec. Publ.,, The Mu-  YUNIs, J. J., AND O. M. PRAKASH. 1982. The origin

seum, Texas Tech Univ., 16:1-441. of man: A chromosomal pictorial legacy. Science,
STUBBLEFIELD, E. 1980. Chromosome bands and the 215:1525-1530.

subunit structure of Chinese hamster metaphase

chromosomes. Cytogenet. Cell Genet., 26:191-198.  Received 23 February 1984; accepted 25 May 1984.
WARNER, R. M. 1983. Karyotypic megaevolution and

phylogenetic analysis: New World nectar-feeding

bats revisited. Syst. Zool., 32:279-282.





