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Marks (1983) objected to our (Baker and 
Bickham, 1980; Haiduk and Baker, 1982) 
use of the term "karyotypic megaevolu- 
tion" as a name for the occurrence of a 
major repatterning of the euchromatic 
G-band sequences in a karyotype. As an 
alternative to "karyotypic megaevolu- 
tion," Marks (1983) proposed the name 
"chromosomal tachytely." We believe 
chromosomal tachytely is not an appro-
priate name for the phenomenon and pro- 
vide information as to why we chose 
Simpson's (1944, 1953) abandoned term. 

Simpson (1944) proposed two terms to 
describe relative rates of evolution, "bra- 
dytely" which refers to a slower than av- 
erage rate and "tachytely" to refer to a 
faster rate. Chromosomal tachytely as pro- 
posed by Marks (1983) for an alternative 
to "karyotypic megaevolution" would 
perhaps be acceptable, if karyotypic mega- 
evolution were simply a fast rate of chro- 
mosomal evolution. As explained below, 
this is not true. Relatively rapid rates of 
chromosomal evolution have been dem- 
onstrated in a wide variety of mammals, 
including mice of the genera M u s  (Capan-
na, 1982) and Onychomys (Baker et al., 1979) 
and in the examples cited by us in describ- 
ing "karyotypic megaevolution," as well 
as examples cited by Marks (1983). All of 
these different patterns could be included 
under Marks' usage of the term "chromo- 
somal tachytely." For example, in Onych-
omys (Baker et al., 1979) there has been the 
addition of many heterochromatic short 
arms (possibly as many as 32) without al- 
tering a single euchromatic linkage group. 
In M u s  (Capanna et al., 1977; Capanna, 
1982), numerous centric fusions (at least 
17) have occurred, yet the internal struc- 
ture of the euchromatic arms was unal-
tered. On the contrary, in all examples of 

"karyotypic megaevolution" (Baker and 
Bickham, 1980) many different types of 
euchromatic rearrangements have become 
established and most if not all major link- 
age groups have been altered. 

Factors affecting chromosomal evolu-
tion were outlined in detail by Lande 
(1979) who documented that, from a the- 
oretical probability standpoint, certain 
types of rearrangements (such as hetero- 
chromatic additions and centric fusions) 
are more likely to become established in a 
species than are other types of rearrange- 
ments (such as telomere-centromere 
translocations and reciprocal transloca-
t ion~) .From a theoretical and practical cy- 
togenetic standpoint, it is much easier to 
explain the evolution of the observed 
variation in M u s  and Onychomys than it is 
to explain the observed change in exam- 
ples of karyotypic megaevolution (Baker 
and Bickham, 1980). 

The types of rearrangements found in 
M u s  and Onychomys could occur in the 
heterozygous condition without causing 
severe problems in fertility. Without se-
vere constraints on fertility, these rear-
rangements are more likelyto become es- 
tablished. On the other hand, many of the 
rearrangements found in examples of 
"karyotypic megaevolution" are thought 
to cause significant meiotic problems and, 
therefore, should rarely evolve in natural 
populations (Lande, 1979). Yet, in exam- 
ples of karyotypic megaevolution, many 
such rearrangements (minimally 15 to 20) 
have become established in species since 
they separated from their nearest relative. 
Herein lies the significance of karyotypic 
megaevolution. Based on the assumptions 
outlined in Lande (1979), karyotypic 
megaevolution cannot occur in natural 
populations during a relatively short pe- 
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riod of time. In this case, the theory (Lande, 
1979) is inadequate to explain what is ob- 
served in nature. 

It is our hypothesis that species that have 
undergone "karyotypic megaevolution" 
have either encountered a period of: (1) 
transposon activity (McClintock, 1978); (2) 
reduced or no meiotic constraints; and/or 
(3) some other equally radical change in 
the factors that normallv affect chromo- 
somal evolution in a stabilizing manner 
(Baker and Bickham, 1980; Bennett, 1982). 
For Onychomys and Mus, there are no data 
to suggest that their extensive chromo- 
somal change has involved any of the 
above changes. Therefore. it seems to us " 
that, if the term chromosomal tachytely is 
used, there will have to be some addition- 
al adjective to distinguish karyotypic 
megaevolution from other forms of chro- " 
mosomal tachytely. Clearly, as originally 
defined (Baker and Bickham, 1980), karyo- 
typic megaevolution is not "simply an ex- 
ceedingly rapid rate of karyotypic evolu- 
tion" as redefined by Marks (1983:209). 

As discussed above. we think the factors 
regulating karyotypic megaevolution are 
different both from those regulating the 
typical patterns observed in most species, 
as well as those regulating certain patterns 
that would fall under Marks' term, chro- 
mosomal tachytely (e.g., Mus, Onychomys). 
Other researchers have observed the same 
pattern that we noted in the description 
of "karyotypic megaevolution." Baver- 
stock et al. (1983:114) concluded that their 
example ( i i  the rodent genus Zyzomys) 
supports our view that karyotypic mega- 
evolution cannot be explained by theories 
based on vagility, reproductive patterns, 
speciation rates, or inbreeding. 

We think that "karyotypic megaevolu- 
tion" is an appropriate name for the phe- 
nomenon where there is a relatively rapid 
and extensive repatterning of euchromatic 
segments of the genome. However, it is 
relatively unimportant whether our pro- 
posed term or some other is adopted. What 
is important is how such a significant por- 
tion of the euchromatic genome can be al- 
tered by numerous chromosomal rear-
rangements of a nature that should rarely 

become fixed in natural populations 
(Lande, 1979). If it should prove true that 
species with radically reorganized ge- 
nomes have encountered a different set of 
forces or events than those without such 
reorganization, as in the case of maize 
(McClintock, 1978), then the potential of 
this phenomenon must be considered in 
studies of the genetics of evolution. 

Numerous papers in the last 10 years 
have provided an explanation of differ-
ential rates of karyotypic evolution (Wil- 
son et al., 1975; Bush et al., 1977; Bickham 
and Baker, 1979; Lande, 1979; Bengtsson, 
1980; Bickham, 1981; Shields, 1982; Tegel- 
strom et al., 1983). All of these authors dis- 
cuss their data sets without recourse to 
special terms such as "chromosomal tachy- 
tely" and "chromosomal bradytely." None 
of these studies. however, documented the 
unique pattern'of variation we call karyo- 
typic megaevolution. It seems reasonable 
to us to continue to use terms such as rapid 
karyotypic evolution, karyotypic conserv- 
atism, and karyotypic orthoselection, 
which are well established in the litera- 
ture. By coining the term "karyotypic me- 
gaevolution," we sought to draw attention 
to a unique process, not merely to add to 
the already considerable linguistic burden 
of systematic biology. At this time, karyo- 
typic megaevolution, by any name, is a 
facet of chromosomal evolution that defies 
easy explanation. 

ACKNOWLEDGMENTS 

We thank Kim Nelson, Craig Hood, Karen McBee, 
Ron Chesser, Robert Owen, Fred Stangl, Duke Rog- 
ers, and Mike Haiduk for critically reviewing the 
manuscript. 

REFERENCES 

BAKER,R. J., R. K. BARNETT, AND I .  F. GREENBAUM. 
1979. Chromosomal evolution in grasshopper mice 
(Onychomys: Cricetidae). J .  Mammal., 60:297-306. 

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. 

BAVERSTOCK, ANDP. R., C. H.  S. WATTS, M. GELDER, 
A. JAHNKE. 1983. G-banding homologies of some 
Australian rodents. Genetica, 60:105-117. 

BENGTSSON,B. 0 .  1980. Rates of karyotype evolu- 
tion in placental mammals. Hereditas, 92:37-47. 



1984 POINTS OF VIEW 341 

BENNETT,M. D. 1982. Nucleotypic basis of the spa- 
tial ordering of chromosomes in Eukaryotes and 
the implications of the order for genome evolution 
and phenotypic variation. Pages 239-261 in Ge-
nome evolution (G. A. Dover and R. B. Flavell, e d ~ . ) .  
Academic Press, London. 

BICKHAM, 1981. Two-hundred-million year-old J .  W. 
chromosomes: Deceleration of the rate of karyo- 
typic evolution in turtles. Science, 212:1291-1293. 

BICKHAM,J. W., AND R. J. BAKER. 1979. Canalization 
model of chromosomal evolution. Pages 70-84 in 
Models and methodologies in evolutionary theory 
(J. H.  Schwartz and H. B. Rollins, eds.). Carnegie 
Mus. Nat. Hist. Bull. 13. 

BUSH, G. L., S. M. CASE, A. C. WILSON, AND J. L. 
PATTON. 1977. Rapid speciation and chromo-
somal evolution in mammals. Proc. Natl. Acad. Sci. 
USA, 74:3842-3946. 

CAPANNA,E. 1982. Robertsonian numerical varia- 
tion in animal speciation: Mzrs musculus, an em-
blematic model. Pages 155-177 in Mechanisms of 
speciation (C. Baricozzi, ed.). Alan R. Liss, Inc., New 
York. 

HAIDUK,M. W., AND R. J .  BAKER. 1982. Cladistical 
analysis of G-banded chromosomes of nectar feed- 
ing bats (Glossophaginae: i'hyllostomidae). Syst. 
Zool., 31:252-265. 

LANDE, R. 1979. Effective deme sizes during long 
term evolution estimated from rates of chromo- 
somal rearrangements. Evolution, 33:234-251. 

MARKS,J. 1983. Rates of karyotype evolution. Syst. 
Zool., 32:207-209. 

MCCLINTOCK,B. 1978. Mechanisms that rapidly re- 
organize the genome. Stadler Genet. Symp., Univ. 
Missouri, 10:25-47. 

SHIELDS,G. F. 1982. Comparative avian cytogenet- 
ics: A review. Condor, 84:45-58. 

SIMPSON,G. G. 1944. Tempo and mode in evolution. 
Columbia Univ. Press, New York. 

SIMPSON,G. G. 1953. The major features of evolu- 
tion. Columbia Univ. Press, New York. 

TEGELSTROM, AND RYTTMAN.H., T. EBENHARD, H. 
1983. Rate of karyotypic evolution and speciation 
in birds. Hereditas, 98:235-239. 

WILSON,A. C., G. L. BUSH, S. M. CASE, AND M. C. 
KING. 1975. Social structuring of mammalian 

CIVITELLI, M. CRISTALDI. 
1977. Chromosomal rearrangements, reproductive Proc. Natl. Acad. Sci. USA. 72:5061-5065. 
isolation, and speciation in mammals. The case of 
M u s  musculus. Boll. Zool., 44:213-246. Received 23 February 1984; accepted 24 March 1984. 

CAPANNA,E., M. V. AND populations and rate of chromosomal evolution. 

Syst. Zool., 33(3):341-343, 1984 

A Note om Minimum Length Trees 

F. JAMES ROHLF 

Departnzeiit oJ Ecology and Euolutioii, State University oJ N e w  York ,  

Stoiiy Brook, N e w  York 11794 


In recent years there have been many 
studies concerned with the properties 
(such as stability, congruence, etc.) of var- 
ious methods for constructina classifica- " 
tions from data matrices. Conclusions from 
these studies have been based on either 
the inherent properties of the true tree 
being estimated or else upon the empirical 
results of sampling experiments (with 
either actual or artificial data sets). This 
note is concerned with another aspect- 
the implications one can draw based on 
the mathematical properties of the com- 
putational methods themselves. 

Consider the two artificial data sets (A 
and B) furnished in Table 1. They differ 

only in the state of character 2 for OTU 6. 
In the first data set OTU 6 is closer to OTU 
4, whereas in the second data set it is clos- 
er to OTU 5. Figure 1 shows the unique 
minimum length Wagner trees (Farris, 
1970) for these two data sets. They were 
found by checking all possible trees with 
David Swofford's program PAUP. The 
trees as shown are rooted at the midpoint 
of the longest path (but the question of 
alternative rootings is not important for 
the present note). The relationship of OTU 
6 with OTUs 4 and 5 are the same in the 
two trees despite the change in one of OTU 
6's characters (implying a degree of stabil- 
ity with respect to the small perturbation 




