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In this paper we present a cladistica l ana lys is of 10 species o f 
Neoloma in o rder to: I ) determine if ch romosomal da ta can provide 
an hypothes is of phylogenetic relationships within the genus; 2) 
determine how chromosomal events are distributed among the 
species; and 3) compare chromosomal evolution as seen in Neoloma 
with that o bserved in other genera within the Cricetidae (Robbins 
a nd Baker , 1981 ; Baker and Barnett, 1981; Baker el al. , I 983 ). The 
extensive work of Mascarell o and severa l coauthors (Baker and 
Mascarello, 1969; Baker el al. , 1970; Mascarello el al., 1974 a, 1974b; 
Mascarello a nd Warner, 1974; Mascarello and H su , I 976; Mascarello, 
1978) with Neoloma chromosomes provides basic ka ryo typic da ta 
that includes C and G -bands for N. micropus, N. albigula, N . 
phenax , N. slephensi, N. lepida , N. devia, N. fuscipes, and N. 
cinereus , as well as side-by-side comparisons between N. micropus 
and these seven o ther species of Neotoma. Additionally , we present 
G a nd C-band data for N . m exicana and N. floridana. 

Based on shared sequences with Peromyscus crinilus, N. micropus 
was thought by Mascarello el al. (1974a) to have ma inta ined mos t 
of the primitive G-band seq uences for the genu s Neo toma. 
Subsequent studies u sing outgroup methods substantia te tha t 
Neo loma micropus does have the probab le primitive G-band 
karyotype for the genus Neotoma and that most of these G-band 
sequences may a lso be primitive for the fa mil y Cricetidae (Koo p 
el al. , 1985; Haiduk et al., persona l com munication ). Therefore, 
starling with the proposed primitive G and C-band sequence for 
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Lh e genus, we deve loped a parsimonious arrangement of 
chromosoma l evolution within the genus. 

MATERIALS AND METHODS 

Because of the exlensive homology observed beLween Neotoma 
and Peromyscus and the avai lability of a slandard chromoso mal 
numbering sys tem for Peromyscus (Committee for Standardizalion 
of Chromosomes of Peromyscus, 1977), we used Lhis numbering 
sys Lem as a reference in comparing Lhe G-band patterns of the va rious 
taxa. In some of the smaller chromosomes , numbers could no l be 
assigned with certainty to a particular chromosome, and Lhese are 
identified by a "?" in Fig. 3. 

The G and C-bands of N. m exicana and N . floridana as well 
as add i Lional N. mi crop us presented in Lhis paper , were prepared 
from bon e marrow suspensions (Lee and Elder , 1980). G-bands were 
developed by trypsin digestion and Giemsa staining (Seabright, 
1971 ). C-bands were obtained using the procedure described by Stefos 
and Arrighi ( 1971 ). 

Specimens examined-Neotoma micropus: 28 , Texas, G arza Co. , 
1.5 mi. S Post; Neotoma m ex icana: 18, 1~ , T exas , J eff Davis Co. , 
Madera Canyon, Davis Mtns.; Neotoma floridana : 18 , I~ , Texas, 
Wichita Co., 5 mi. E Burkburnett. 

The G a nd C-bands of N eotoma micropus and N . albigula were 
presented by Mascarello et al. ( 1974a). The G and C-bands of N. 
phenax were presented by Mascarello et al. (1974b). The G and 
C-bands of N. devia, N. fuscipes, N. lepida , N. stephensi, and N. 
cinereus were presented by Mascarell o and Hsu (l 976). 

RESU LTS 

The G and C-banded karyotypes of Neotoma micropus and N. 
f loridana were identical except in chromosome 3. In N. micropus 
there is a polymorphic heterochromatic short arm present , but in 
N. floridana , the heterochromatic short arm addition is fixed 
througho ut most of its range (Birney, 1973). This res ult was 
predicted ear lier on the basis of standard karyotypes (Baker and 
Mascarell o, 1969; Baker et al., 1970; a nd as discussed by Mascarello 
and Hsu, 1976; and Birney, 1973 ). 

The G-banded karyotypes of N. micropus and N. mexicana differ 
in chromosomes 3, 17 , 23, and 24 (Fig. 1 ). The difference in 
chromosome 3 involves the pol ymorphic heterochromatic short arm 
present o nl y in N . micropus. Chromosomes 17 and 24 differ in 
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Fi e. 1.-A comparison o f dip lo id G-banded ch romosomes o f N eotoma micropus 

a nd N . mexicana. C hrom osomes a re numbered accordin g LO the sta nda rd 
chromosomal numbering sys tem fo r Peromyscus (Comm ittee for standard izatio n 
of ch romosomes o f Peromyscus , 1977). 

tha t euchromatin distal to the centromere in the long arm appears 
to be mi ss ing in N . mexicana. In chromosome 23 the biarm condition 
in N. micropus seems to be rearranged to the acrocentric condition 
in N. mexicana; however , because o f the presence of so few bands 
in 23, we are unsure of proposed homology . Because the standard 
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Fie. 2. -A co mpar ison of standard ch romosomes o f Neotoma m icropus (2N = 52 , 
FN=54 ) a nd N eotoma m exicana (2N=.52 , FN= 54 ). 

ka ryo types of N. mexicana and N. micropus (except for the 
po lymorphic heterochromatic short arms and the X chromosome) 
appeared identical , the differences in G-band sequences were no t 
predictable from standard karyo types (Fig. 2). 

The cladogram o f chromosomal change in ten species of Neotoma 
is shown in Fig. 3. In examining the C and G-banded chromosomes 
of N. micropus , N . mexicana, N . devia, N. floridana , N. lepida, 
N. albigula, N. phenax, N. stephensi, N. fuscipes, and N. cinereus, 
severa l derived G and/ or C-band sequences appeared to be shared. 
In chromosome 3, a heterochroma tic short arm additio n was found 
to be polymorphic in N. micropus (Baker et al., 1970), N. floridana 
(Birney, 1973), and N. lepida and N. devia (Mascarello and H su , 
1976; Masca rello, 1978), but fixed in N. albigula. Although the 
presence of a heteroch romatic arm additio n is a derived state, the 
fac t that it is highly polymorphic precludes us from rigidly definin g 
a group on the basis of this character a lone. For example, we cannot 
excl ude N. mexicana fro m this group because it may have been 
fixed for the primitive condition after hav ing been polymorphic 
for the heterochromatic short arm addition. 

Three other shared derived G -band sequences were apparent. In 
chromosome 2 of N . cinereus and N. fuscipes, the proximal one
third of the acrocentric primitive G-band sequence was missing, 
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Ft c. 3. -Clad isti ca l a na lys is o f chromosoma l evo lut ion in Len species o f woodrats. 

Numbers iden t ify proposed homo logy to Fi g. I and to the standard G-band karyotype 

for Perumyscus. 

presumab ly by a tra nslocat io n . In chromosome 3 o f N. cinereus 
and N. fuscipes, a cha nge in centromere position presum a bl y by 
a pericentri c inversion was identified. In ch romosome 6 o f N. lepida , 
N . devia, a nd N. fus cipes , a presumed per icentric in versio n was 
a lso identified. 

We found no other sha red derived G-band sequences in the 
chromosomes in which we were sure of homology. 

DI SCUSS ION 

In ten species of N eotoma a minimum of 42 independent 
chromosoma l rea rrangem ents are needed to construct the most 
pa rs imonious p h y loge n e ti c tree (F ig. 3). T hi s ass um es 
heteroch romatic short arm add itions to chromosome 3 ca n be 
exp lai ned as evolving o nl y on ce. Within Neotoma the o nl y group 
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clearl y d is Li ngui shed is N. Juscipes and N. cinereus, idemified by 
Lra nsloca Li on in chromosome 2 a nd a pericenLric inversion in 
chromosome 3. AnoLher group may be indicaLed by eiLher a fixed 
or polymorp hic heterochroma Lic a rm addiLion to chromosome 3. 
H o wever, a llho ugh Lhis rea rrangemenL groups N. Jloridana , N . 
m icro pus, N. alb igula , N. devia , and N. lep ida, iL does no t exclude 
a ny o f Lhe o Lher Laxa. A sha red derived G-band sequence in 
chromosome 6 is found in N. lep ida and N. Juscipes. T his may 
represenL a convergenL event , because N . lep ida , N . devia, and N. 
alb igula are grouped Logether on the bas is of one synapomorph y 
(C+3) a nd N. Juscipes is grouped wiLh N. cinereus o n the bas is 
o f two o Lher synapomorphies (To2, Pi 3). AddiLiona l support fo r 
Lhe conLenLio n o f con ve rgence in chro mosome 6 comes from 
exa mining Lhe Lree presented by Robbins and Baker (1981) for 18 
species o f Peromyscus. In Lheir Peromyscus cladogram , ch romosome 
6 was rearranged six Limes, Lwo o f w hi ch were very simila r Lo Lha t 
seen in N. lepida and N. Juscipes, and three o f which were con vergem 
reversa ls back to the acrocen tri c primi tive conditio n. T his wo uld 
seem Lo indicaLe Lha t chromosome 6 has a " ho tspo t" fo r ch romosome 
breakage and w ithin the neotomine-perom ysc ine gro up, changes 
in ch romosome 6 m ust be used with care in sys tema tic sLUdies. 

Tradi tional sys tema tic studies (H all , 198 1; Burt and Barka low, 
1942) have pl aced N. cinereus in a mo notypic group in the subgenus 
Teonoma, N. phenax, in a monotyp ic subgenus , Teanopus, and 
the other eig h t species o f Neo toma exa mined in this stud y in the 
subgen us Neotoma. From o ur chromosoma l a na lys is, we ca nno t 
commenL on Lhe subgeneri c sta tus o f N. phenax; however, o ur da La 
suggest a lLe rna ti ve sys tema tic hypo Lheses: I ) N. cinereus be pl aced 
in Lhe su bgenus Neo toma or 2) tha t bo th N . Juscipes a nd N. cinereus 
be placed in the su bgenus Teonoma. 

Within Neo toma there were two cases where idem ical standa rd 
karyo types o f two taxa were found Lo differ in their G -band 
ka ryo types. T he fi rs t was no ted by Masca rello and H su (1976) in 
N. albigu la and N. lep ida . T he o ther is N. m icropus a nd N . m exicana 
(Figs. I a nd 2). T hese Lwo cases demo nstra te a need fo r cautio n 
in assu m ing ho mo logy based o n sLandard ka ryo types. 

Ch romosomal evoluti on within Neo toma is conserva tive (N. 
micropus and N . Jloridana) and exLensive (N. cinereus a nd N . 
Juscipes). T he types o f rea rrangemem s tha t we could document in 
the ten species of Neotoma include 8 peri centri c invers ions, 6 
tra nsloca Li ons, 9 fusio ns, 6 heLeroch romatic a rm add iLio ns, and 13 
uni dentifi ed events. Seven o f the 9 centric fusions fo und w iLhin 
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TA BLE 1. -Comparison of types and numbers of chromosomal rearrangem ents in 
Perom yscus , O n ycho m ys, Neo to m,i , and the largest 12 chromosomes of O ryzom ys. 
N equals species examined, Fu / Fi equals cen tric fu sion or f issions, To equals 
translowtion or other (du plications o r deletions), Pi equals pericentric inversions, 
Pa equals paracentric inversions, C+ equals heterochrom at ic short arm additions, 
Un k equals unidentif ied events, To t equals to tal rearrangem ents, and Avg Eu / sp 

equals average euchromatic rearrangem ents per species. 

(; l ' llll \ N Fu Fi To Pi Pa c + l !11k To, /\vg t !\ p /\ vg Eu '.'.J> 

Peromyscus 18 0 0 26 0 34 0 60 3.3 l. .'i 
Onychom ys 3 0 0 0 0 2.'i 0 2.'i 8.3 0.0 
N eoto ma 10 9 6 8 0 6 13 42 4.2 3.6 
Oryzom ys"" 11 13 21 8 0 12 55 .'i.0 .'i .0 

• •On I) 1 lw Ln ,l!, t ' \ I Ii pai, .., o l I liro 1110M llll t ',.., WC ' IT a 11 ~1l y 1t·( I. 

lhe genus are fo und in the N . phenax lineage. As for lhe genera l 
u nreso lved na ture of lhe cladogra m in Fig. 3, there a re a l leas l 
lwo poss ib le expl an a tio ns. Firsl , rad ia lio n o f lhe 10 species of 
N eotoma , fo r which G -ba nd da ta a re ava ila bl e, occurred a l 
a p prox imately the sa me time fro m a basal " Neo toma" stock. T his 
expla na lio n wou ld predi cl tha t w ilh lhe excep tio n of fuscipes and 
cinereus , each of lhe va rio us species wou ld be eq ua ll y rela ted lo 
each olher. Allerna li vely, some of lhe species m ay have sha red a 
co mm o n a nces try a fter sepa ra ting fro m lhe o lher species exa mined ; 
however , d uring lhe period of com mon ances lry, ch ro m osoma l 
evo luti o n occurred onl y in lhe fuscipes a nd cinereus lineage. 

In Perom yscus and Onychomys, Ro bbin s et al. , ( 1983 ) n o ted a 
stro ng co rrela ti on belween the ra nge o f a species and lhe number 
o f rea rra ngemen ls lha l had occurred with in a spec ies. Us ing lheir 
m ethods (Robbins et al., 1983) and the ava ila ble da la fo r the genus 
N eotoma , we fo und no correlation belween lhe geogra phi c ra nge 
a nd lhe number of rea rra ngements fo und in a spec ies. 

In T a ble I , the magnilUde and types o f ch rom osom al evo lution 
for fou r genera of the fa mil y C ri ce tidae are co m pared . Fro m thi s 
ta ble , it appea rs tha t karyolypic orthoselect io n (White, 1975) is no l 
as o bvio us in lh e genus Neo toma as il is in Peromyscus a nd 
Onychomys. In N eotoma , ma ny types of rea rra n gem ents occur , 
includ in g centric fu sio ns a nd lra n sloca tion s which are a bsent in 
Peromyscus a nd Onychomys. T he a verage nu m ber o f euch ro matic 
rea rra ngemenls per species within N eotoma (3.6 ) is higher lhan 
in Perom yscus (1. 5) and On ychomys (0. 0) bu t no t as hi g h as fo und 
in Oryzom ys (5.0) (Ba ker et al. , 1983). 
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