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To assess genic differentiation and phylogenetic relationships among selected species in the
subgenus Aporodon, we screened 31 presumptive genetic loci in 6 species in the subgenus
Aporodon (R. creper, R. gracilis, R. mexicanus, R. microdon, R. spectabilis, and R. ten-
uirostris) and in 4 species in the subgenus Reithrodontomys (R. chrysopsis, R. fulvescens,
R. megalotis, and R. sumichrasti). The resulting phylogenetic trees were compared with
the results of previous molecular and morphological studies. Results demonstrate that the
subgenus Aporodon is monophyletic. Relationships determined on the basis of allozymes
are largely congruent with an earlier analysis based on morphological and molecular char-
acters. However, samples of R. mexicanus do not form a monophyletic lineage. Accord-
ingly, populations from north-central Oaxaca and Costa Rica each likely represent an un-
described species.
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Harvest mice of the genus Reithrodon-
tomys are distinguished from other genera
of peromyscine rodents (sensu Carleton
1989) by possession of sulcate (grooved)
upper incisors (Le Conte 1853). The only
comprehensive analysis of relationships
among species of Reithrodontomys subse-
quent to those by Allen (1895) and Howell
(1914) was performed by Hooper (1952).
His review emphasized Mexican and Cen-
tral American forms and evaluated system-
atic relationships based on a series of cra-
nial and external characters, pelage color,
and distribution data. According to Hooper
(1952), the 2 subgenera originally recog-
nized by Howell (1914) are distinguished
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by a series of morphological traits. Spe-
cializations possessed by species in the sub-
genus Aporodon include an increase in
complexity and size of the cheek teeth
(crown length of M3 and m3 about three-
fourths the length of M2 and m2, respec-
tively, rather than about one-half the length
of M2 or m2 as in species belonging to the
subgenus Reithrodontomys) and in size of
mesopterygoid fossa (larger in Aporodon—
Hooper 1952; Rinker and Hooper 1950).

Later, Carleton (1980) characterized se-
lected species in the subgenus Aporodon
(represented in his analysis by R. creper
and R. mexicanus) as having more than 36
caudal vertebrae, a discoglandular gastric
epithelium, and a plantar surface on the
heel of the hind feet that is either naked or
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slightly furred. In contrast, members of the
subgenus Reithrodontomys (as represented
by R. fulvescens, R. humulis, R. megalotis,
R. montanus, and R. sumichrasti) have less
than 36 caudal vertebrae, an intermediate
gastric epithelium, and a plantar surface of
the hind foot that is densely furred to the
thenar pad. In addition, Carleton (1980)
identified 3 character states involving the
relative positions (either alternate, interme-
diate, or opposite) of the protoconid–meta-
conid and hypoconid–entoconid cusps on
M1. Species of Aporodon examined had the
‘‘intermediate’’ condition, whereas species
surveyed in the subgenus Reithrodontomys
possessed the ‘‘alternate’’ state for this
character.

Hooper (1952) divided species in the
subgenus Reithrodontomys into 2 species
groups. The R. fulvescens species group
consisted of R. fulvescens and R. hirsutus,
whereas the R. megalotis species group in-
cluded 7 species (R. burti, R. chrysopsis, R.
humulis, R. megalotis, R. montanus, R. ra-
viventris, and R. sumichrasti). More recent-
ly, Hood et al. (1984) recognized R. me-
galotis zacatecae as a full species. Within
the subgenus Aporodon, Hooper (1952)
placed R. creper, R. microdon, R. rodrigue-
zi, and R. tenuirostris in the R. tenuirostris
species group and set them apart from R.
brevirostris, R. darienensis, R. gracilis, and
R. mexicanus—with the latter 4 species
forming the R. mexicanus group. Jones and
Lawlor (1965) and Jones and Genoways
(1970) described R. spectabilis and R. par-
adoxus, respectively, and assigned both to
the R. mexicanus species group. Currently,
the genus Reithrodontomys consists of 20
species divided evenly between the 2 sub-
genera.

Few studies have assessed systematic re-
lationships within the genus Reithrodonto-
mys since Hooper’s (1952) review, and
none is comprehensive in scope. Studies of
standard and differentially stained karyo-
types (Carleton and Myers 1979; Engstrom
et al. 1981; Hood et al. 1984; Robbins and
Baker 1980) indicate that chromosomal

characters are not useful in partitioning spe-
cies of harvest mice along subgeneric or
even species group (sensu Hooper 1952)
boundaries. Moreover, species of Reithro-
dontomys considered by Hooper (1952) to
be the most derived morphologically (R.
tenuirostris species group) possess diploid
and fundamental numbers hypothesized to
be similar to the proposed ancestral condi-
tion for Reithrodontomys (Carleton and
Myers 1979; Hood et al. 1984; Robbins and
Baker 1980) and other cricetine rodents
(Koop et al. 1984).

Several papers have addressed phyloge-
netic relationships among selected species
of harvest mice based on molecular data.
Arnold et al. (1983) and Nelson et al.
(1984) both used allozyme data and focused
on species belonging to the subgenus Reith-
rodontomys. The study by Arnold et al.
(1983) was unable to resolve relationships
among 8 species of harvest mice examined,
whereas the follow-up paper by Nelson et
al. (1984) uncovered synapomorphic char-
acters that served to define 3 clades among
7 species belonging to the subgenus Reith-
rodontomys. Later, Bell et al. (2001) ex-
amined mitochondrial deoxyribonucleic
acid cytochrome-b sequence data for the
same set of taxa examined by Nelson et al.
(1984) and recovered 2 of the 3 clades rec-
ognized by Nelson and coworkers.

The objectives of this study were 4-fold:
to examine genic differentiation as assayed
by protein electrophoresis for a more com-
plete set of taxa; to develop a molecular-
based phylogenetic hypothesis of relation-
ships emphasizing species in the subgenus
Aporodon; to test for monophyly of the
subgenera Aporodon and Reithrodontomys;
and where appropriate, to suggest changes
in the current taxonomy.

MATERIALS AND METHODS

Liver, kidney, and heart tissue samples were
obtained from 71 specimens representing 10
species of Reithrodontomys and Peromyscus
maniculatus as listed in Appendix I. A total of
31 genetic loci were examined from liver or
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combined kidney and heart homogenate (Mur-
phy et al. 1996); genetic loci, abbreviations, En-
zyme Commission numbers (EC), and buffer
systems used are summarized in Arellano
(1994). Enzyme mobility was determined from
horizontal electrophoretic gels, and alleles for
each locus were labeled in alphabetical order us-
ing the most-anodal migration as ‘‘a.’’

Data were summarized as single genotypes
for each individual and locus and were analyzed
using the BIOSYS-1 computer program (Swof-
ford and Selander 1989), which calculated av-
erage individual heterozygosity, percentage of
polymorphism, and genetic distances. Rogers’
(1972) coefficient was calculated for comparison
with other studies. Although sample sizes in this
study were small, Gorman and Renzi (1979)
documented that samples as small as 2 individ-
uals/population are sufficient to generate hetero-
zygosity estimates within 2.5% of those calcu-
lated with much larger sample sizes. Archie et
al. (1989) demonstrated that small sample size
reduces variance of values for genetic distances
and can cause instability in phenetic trees. How-
ever, use of small samples can be justified when
values for heterozygosity and percentage of
polymorphism are low and allele frequencies are
equal or very close to 0 or 1, indicating that
alleles move toward fixation. In this study, het-
erozygosity and polymorphism values were not
high, and the majority of samples were distin-
guished by fixed allelic differences. Therefore,
phylogenetic hypotheses developed from these
data likely reflect those derived from larger sam-
ple sizes (Hafner et al. 1994).

Data were subjected to parsimony analyses
using PAUP* software of Swofford (1999). Un-
informative characters (monomorphic loci or au-
tapomorphies) were not used in the original data
matrix. We used the step matrix option in which
each locus was considered as a single character,
and alleles and each possible combination of
them were considered as character states (Mabee
and Humphries 1993). Although fixed characters
provide the most-phylogenetic signal (Wiens
1995), we also included polymorphic characters
because they also are phylogenetically infor-
mative (Wiens 1995; Wiens and Servedio 1997).
Characters, as defined in Table 1, were treated
as reticulate (unordered), assuming that all char-
acter-state transformations were possible instead
of imposing a specific pathway. The combina-
tions of alleles we used were those inferred to

be present in ancestral nodes to reduce dimen-
sions of the step matrix (Mabee and Humphries
1993; Mardulyn and Pasteels 1994). We used
PAUP* version 4.07b (Swofford 1999) to recon-
struct the array of plesiomorphic character states
consistent with the most parsimonious tree(s),
based on the character matrix (Table 1) and on
the distances stored in the step matrix (Harris
and Rogers 1999; Mardulyn and Pasteels 1994;
Table 2).

We used the out-group method to root our
trees (Watrous and Wheeler 1981) and selected
P. maniculatus, a member of the genus thought
to be the sister group to Reithrodontomys (Carle-
ton 1980; Hooper and Musser 1964). To resolve
relationships among species of Aporodon, we
used single and multiple out-group combinations
representing the subgenus Reithrodontomys.

Tree reconstruction was based on the heuristic
search algorithm in PAUP* version 4.07b
(Swofford 1999), including stepwise-addition
sequence, 100 replications, and tree bisection
and reconstruction swapping. Consensus trees
(50% majority rule) were generated when more
than 1 parsimonious tree resulted from the anal-
ysis. The most parsimonious tree obtained was
compared with Hooper’s (1952) phylogenetic
hypothesis using the constraint option of
PAUP*. Templeton’s (1983) Wilcoxon signed-
rank test was used to test for significant differ-
ences between tree topologies.

Crania of selected voucher specimens were
measured (in mm) using hand-held digital cali-
pers accurate to 0.05 mm. Although 13 cranio-
dental variables were recorded, only a subset is
reported in this study.

RESULTS

Two genetic loci (MDH-2 and IDDH)
were fixed for the same allele across all taxa
examined, including the out-group, whereas
all species of Reithrodontomys shared the
same allele for LDH-2 and AAT-2 (Appen-
dix II). Average polymorphism, based on
samples of Reithrodontomys with n . 4,
was 12.1%. Mean heterozygosity (H; direct
count method) was 2.9%.

Reithrodontomys fulvescens, R. gracilis,
and R. microdon were each represented by
2 populations in our analysis. R. fulvescens
was sampled from Texas and southern Ve-
racruz, Mexico. These 2 populations dif-
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fered from each other by 3 fixed alternate
alleles (GPI, ADH, and b-MAN) and by fre-
quency differences at another 4 loci. The
resulting Rogers’ (1972) distance-value was
0.13. For the 2 populations of R. gracilis
from Campeche and Yucatan, Mexico, fre-
quency differences at 8 loci (Appendix II)
contributed to yield a Rogers’ (1972) dis-
tance-value of 0.05. R. microdon was ex-
amined from Chiapas, Mexico, and north-
central Guatemala. These 2 populations dif-
fered by fixed alternate alleles at 2 loci
(PEP-A and CK) and by frequency differ-
ences at another 2 loci. In addition, nonfix-
ed autapomorphic alleles were present in
both populations of R. microdon for MDH-
1, G3PDH, PGM, PEP-B, and PEP-D, re-
sulting in a Rogers’ (1972) distance-value
of 0.14.

Five populations of R. mexicanus (1 each
from Costa Rica, El Salvador, and Mexico,
and 2 from Guatemala) were examined. The
sample from Oaxaca, Mexico (referred to
hereafter as Reithrodontomys sp. A), dif-
fered by alternate fixed alleles at 6 loci
(LDH-1, GPI, PEP-F, PGDH, MPI, and
MDHP) as compared with samples of R.
mexicanus (Appendix II). The majority of
genetic variation within the 4 remaining
samples of R. mexicanus was partitioned
between the Costa Rican population and the
3 samples from El Salvador and Guatemala.
These ‘‘northern’’ and ‘‘southern’’ R. mex-
icanus differed by fixed alternate alleles at
3 genetic loci (AAT-1, IDH-2, and a-GLUS)
and by frequency differences at another 3
loci (ADA, ADH, and MDHP). The mean
Rogers’ (1972) distance-value among these
4 populations of R. mexicanus was 0.14
(range 0.07–0.22). However, the mean Rog-
ers’ (1972) distance-value among the 3
‘‘northern’’ samples was 0.09, whereas the
mean distance-value between the Costa Ri-
can population (referred to hereafter as
Reithrodotomys sp. B) and any of the other
3 was 0.19.

Cranial measurements recorded from the
4 voucher specimens of Reithrodontomys
sp. B used in this study are more similar to

examples of R. m. cherrii than to the other
species of harvest mouse, R. brevirostris,
which also is known from moderate eleva-
tions in central Costa Rica (Hall 1981). For
example, mean values (with range in paren-
theses) of greatest length of skull, zygo-
matic breadth, and length of rostrum for
Reithrodontomys sp. B are 24.25 (24.05–
24.40), 12.75 (12.60–12.90), and 8.85
(8.50–9.05), respectively. Means for the
same 3 cranial measurements (Hooper
1952) of R. m. cherrii (n 5 23) are 23.7
(22.6–24.5), 12.1 (11.5–12.7), and 8.1 (7.6–
8.5), and of R. brevirostris (n 5 4) are 23.7
(22.6–24.5), 22.3 (22.1–22.5), and 7.9 (7.7–
8.3), respectively (Hooper 1952).

A data matrix with 29 informative char-
acters (Table 1) was subjected to phyloge-
netic analysis to resolve relationships
among all species of Reithrodontomys in-
cluded in this study using P. maniculatus
as the out-group. A step matrix was used to
establish the number of steps required in a
transition between any 2 character states
(Table 2). Cladistic reconstruction produced
12 most parsimonious trees with lengths of
191 steps. In the resulting consensus tree
(Fig. 1), all samples of Reithrodontomys
formed a single clade relative to the out-
group, with R. fulvescens recovered as the
basal taxon. In fact, all species of Reithro-
dontomys were recovered as a monophylet-
ic group regardless of whether or not P.
maniculatus was designated as the out-
group taxon. Within this tree, samples rep-
resenting the subgenus Aporodon (with the
exception of Reithrodontomys sp. A) also
formed a monophyletic group. However,
species belonging to the subgenus Reith-
rodontomys did not. Within the clade
formed by species in the subgenus Aporo-
don, 3 species represented by 2 or more
samples (R. gracilis, R. mexicanus, and R.
microdon) did not form monophyletic
groups.

To further resolve relationships within
the subgenus Aporodon, we performed a se-
ries of phylogenetic analyses using single
and multiple species in the subgenus Reith-
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TABLE 2.—Step matrix used to code character states used in the phylogenetic analysis and listed
in TABLE 1. A total of 35 characters (1–9 and A–Z) were identified. Numbers in the matrix represent
steps required for every character transformation. For example, the number of steps required to
change from character 9 (presence of alleles a and b) to character 1 (presence of allele a) is 1 (loss
of allele b). Likewise, it requires 2 steps to move from character 1 (presence of allele a) to character
2 (presence of allele b—gain of allele b and loss of allele a).

1 2 3 4 5 6 7 8 9 A B C D E F G

[1-a]
[2-b]
[3-c]
[4-d]
[5-e]
[6-f]
[7-g]
[8-h]
[9-ab]
[A-abc]
[B-abc]
[C-abcde]
[D-abd]
[E-ac]

—
2
2
2
2
2
2
2
1
2
3
4
2
1

2
—
2
2
2
2
2
2
1
2
3
4
2
3

2
2
—
2
2
2
2
2
3
2
3
4
4
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2
2
2
—
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2
2
2
3
4
3
4
2
3

2
2
2
2
—
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5
4
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—
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8
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[N-be]
[O-cd]
[P-cde]
[Q-ce]
[R-ceghi]
[S-cefghi]
[T-de]
[U-defg]
[V-df]

2
6
1
3
4
8
3
4
3
3
4
3
7
6
3
5
3

4
8
3
1
2
6
1
2
1
3
4
3
7
6
3
5
3

2
6
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1
2
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4
3
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2
1
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4
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3
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3
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3
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4
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4
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4
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4
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rodontomys as out-groups. Reithrodonto-
mys sp. A was constrained as part of the in-
group in both analyses because its external,
cranial, and dental morphologies were typ-
ical of species of Aporodon. Regardless of
the out-group used, these analyses resulted
in a fully resolved, single most parsimoni-
ous tree (Fig. 2) with a length of 155 steps.
This tree differed from that shown in Fig.
1, in that R. creper groups with R. microdon

and R. tenuirostris. We constrained our al-
lozyme data to Hooper’s (1952) tree topol-
ogy (for comparable taxa) and conducted an
additional phylogenetic analysis using P.
maniculatus to polarize characters. The re-
sulting tree was significantly longer (P #
0.01—11 steps) than the tree depicted in
Fig. 1.

Overall, bootstrap values were low; val-
ues greater than 50% were obtained for
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TABLE 2.—Extended.

H I J K L M N O P Q R S T U V W X Y Z

1
3
3
3
3
1
3
3
2
3
4
5
3
2

3
1
1
3
3
3
3
3
2
1
2
3
3
2

4
2
2
2
4
4
4
4
3
2
1
2
2
3

8
6
6
8
6
6
6
6
7
6
7
6
8
7

3
1
3
1
3
3
3
3
2
3
2
3
1
4

4
2
4
2
2
4
4
4
3
4
3
2
2
5

3
1
3
3
1
3
3
3
2
3
4
3
3
4

3
3
1
1
3
3
3
3
4
3
2
3
3
2

4
4
2
2
2
4
4
4
5
4
3
2
4
3

3
3
1
3
1
3
3
3
4
3
4
3
5
2

7
7
5
7
5
5
5
5
8
7
8
7
9
6

6
6
4
6
4
6
4
4
7
6
7
6
8
5

3
3
3
1
1
3
3
3
4
5
4
3
3
4

5
5
5
3
3
3
3
5
6
7
6
5
5
6

3
3
3
1
3
1
3
3
4
5
4
5
3
4

3
3
3
1
3
3
1
3
4
5
4
5
3
4

3
3
3
3
1
1
3
3
4
5
6
5
5
4

6
6
6
6
4
4
4
4
7
8
9
8
8
7

3
3
3
3
3
1
3
1
4
5
6
7
5
4

3
5
—
4
5
7
4
5
4
4
5
4
6
7
4
4
2

3
7
4
—
1
5
2
3
2
2
3
2
6
5
4
6
4

2
8
5
1
—
6
1
2
3
1
2
3
7
6
3
5
3

8
2
7
5
6
—
7
6
5
7
6
5
1
2
7
5
7

3
9
4
2
1
7
—
1
2
2
3
4
8
7
2
4
2

4
8
5
3
2
6
1
—
1
3
2
3
7
6
1
3
3

5
7
4
2
3
5
2
1
—
4
3
2
6
5
2
4
4

1
7
4
2
1
7
2
3
4
—
1
2
6
5
2
4
2

2
6
5
3
2
6
3
2
3
1
—
1
5
4
1
3
3

3
5
4
2
3
5
4
3
2
2
1
—
4
3
2
4
4

7
1
6
6
7
1
8
7
6
6
5
4
—
1
6
4
6

6
2
7
5
6
2
7
6
5
5
4
3
1
—
5
5
7

3
7
4
4
3
7
2
1
2
2
1
2
6
5
—
2
2

5
5
4
6
5
5
4
3
4
4
3
4
4
5
2
—
2

3
7
2
4
3
7
2
3
4
2
3
4
6
7
2
2
—

3
7
4
4
3
7
2
3
4
2
3
4
6
5
2
2
2

5
5
2
4
5
5
4
3
2
4
3
2
4
5
2
2
2

8
2
5
7
9
2
7
6
5
7
6
5
1
2
5
3
5

5
5
2
4
5
5
4
5
4
4
5
4
4
5
4
2
2

4
2
5
2

4
4
7
4

3
5
9
5

7
5
2
5

2
4
7
4

3
3
6
5

4
2
5
4

2
4
7
4

3
3
6
5

4
2
5
4

6
4
1
4

5
5
2
5

2
2
5
4

2
2
3
2

2
2
5
2

—
4
5
4

4
—
3
2

5
3
—
3

4
2
3
—

only 2 and 5 nodes, respectively, shown in
Figs. 1 and 2. However, we found that if
we increased the number of characters by
duplicating our original data matrix (hold-
ing all else equal) and then recalculating
bootstrap percentages (1,000 replicates), the
resulting bootstrap values always increased.
For example, when we doubled our data
matrix (58 instead of 29 characters), the
number of nodes with bootstrap percentages

#50 in Fig. 1 increased from 2 to 10. In-
creasing the original data matrix 4-fold
(now 116 characters) added 2 additional
nodes (a total of 10) with bootstrap values
#50% (ranges 50–87%). Enlarging the data
matrix also increased the bootstrap values
as given in Fig. 1. For example, doubling
the data matrix increased the bootstrap val-
ue for the node defining R. gracilis–R. spec-
tabilis from 68% to 84%. Likewise, the
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FIG. 1.—Maximum-parsimony, consensus
cladogram (50% majority rule) derived from 12
equally parsimonious trees (length 5 191 steps)
showing phylogenetic relationships among
members within the subgenus Aporodon using
Peromyscus maniculatus as the out-group. Num-
bers on branches are bootstrap percentages
based on 1,000 iterations.

FIG. 2.—Single most parsimonious cladogram
(length 5 155 steps) derived using members of
the subgenus Reithrodontomys as a composite
out-group. Numbers on branches are bootstrap
percentages based on 1,000 iterations.

node uniting the 2 samples of R. fulvescens
increased from 94% to 96%. A 4-fold in-
crease in the data set increased the boot-
strap percentages to 98% and 97%, respec-
tively.

DISCUSSION

Intraspecific differentiation.—Compared
with other rodents, levels of polymorphism
and heterozygosity detected among samples
of Reithrodontomys are low (Avise and
Aquadro 1982) but are characteristic of oth-
er species of peromyscine rodents with ‘‘in-
sular’’ distributions (Kilpatrick 1981; Wer-
bitsky and Kilpatrick 1987). This is consis-
tent with our finding that the majority of
intraspecific genetic variation in harvest
mice is partitioned among populations.
Whether this genetic structure is due to sto-

chastic processes such as population bottle-
necks or founder events, a reflection of cla-
dogenic events, or other genetic factors in-
trinsic to Reithrodontomys cannot be deter-
mined from these data.

Before the present study, information on
genetic differentiation within species of
Reithrodontomys was limited to species in
the subgenus Reithrodontomys. Arnold et
al. (1983) examined 2 or more populations
each of R. fulvescens, R. humulis, R. me-
galotis, and R. montanus and detected in-
traspecific variation in R. fulvescens and R.
humulis. Three groups were delimited with-
in the 8 populations of R. fulvescens eval-
uated by Arnold et al. (1983). One group
showed no electrophoretic variation across
6 samples encompassing a geographic area
from Oklahoma and Texas south to Tamau-
lipas, Puebla, and Morelos, Mexico. How-
ever, samples of R. fulvescens from Duran-
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go and Chiapas, Mexico, differed from the
other 6 populations and from each other by
2 (different) fixed alleles. We examined 2
samples of R. fulvescens and detected 3
fixed allelic differences between a popula-
tion from south Texas and another from
central Veracruz, Mexico. Direct compari-
son of allelic mobilities across studies is not
possible. However, if we assume that our
sample from Texas was similar to those
evaluated by Arnold et al. (1983), then R.
fulvescens, as presently constituted, likely
includes at least 2 phyletic entities. One is
distributed from Texas and Oklahoma south
through Tamaulipas, Mexico, and into the
Central Plateau of Mexico south of Mexico
City. In addition, 1 or more allozymically
distinct forms occurs in the Mexican states
of Durango, Chiapas, and Veracruz. Addi-
tional sampling among Mexican popula-
tions of R. fulvescens should be conducted
to further delimit the distributions of these
groups.

Bell et al. (2001) presented mitochondri-
al cytochrome-b sequence data for 2 pop-
ulations (1 individual from each) for 3 spe-
cies in the subgenus Reithrodontomys (R.
megalotis, R. raviventris, and R. zacata-
cae). Their analysis recovered the popula-
tion pairs within each of these 3 species as
‘‘sister taxa’’ (Bell et al. 2001:84), but no
values for genetic distance were provided.

Reithrodontomys microdon occurs only
in a few scattered localities at elevations
greater than about 2,300 m in central and
southern Mexico and northern Middle
America. The 2 samples compared in this
study are referable to R. m. microdon, the
southernmost of 3 recognized subspecies
(Hall 1981). As in R. mexicanus (see be-
low) and R. fulvescens, the among-popula-
tion differentiation within R. microdon is
large and exceeds that which usually char-
acterizes a single species of peromyscine
rodent (Calhoun et al. 1989; Rennert and
Kilpatrick 1987; Rogers and Engstrom
1992; Werbitsky and Kilpatrick 1987).

Relatively high values of genetic distance
were documented among samples originally

referable to R. mexicanus. Based on our cla-
distic analyses of relationships among Apo-
rodon taxa (Figs. 1 and 2), the populations
from Oaxaca, Mexico (Reithrodontomys sp.
A), and Costa Rica (Reithrodontomys sp. B)
are phylogenetically distinct. Excluding
these 2 putative species, the remaining 3
populations of R. mexicanus from Guate-
mala and El Salvador exhibit levels of genic
divergence more typical of that documented
within a single species of peromyscine ro-
dent (Sullivan et al. 1991). Reithrodonto-
mys sp. A currently is known from a single
specimen collected in the southern portion
of the Mexican Sierra Madre Oriental, and
Reithrodontomys sp. B is known only from
a single locality in the central highlands of
Costa Rica.

Phylogenetic relationships.—Because
our results indicate that there is a relation-
ship between increasing bootstrap values
and size of the data matrix, we suspect that
bootstrap values for relatively small data
sets are unreliable. More importantly, we
believe that the low bootstrap values we ob-
tained should not be necessarily interpreted
as to the degree of confidence one should
place on the stability of internal nodes de-
picted in Figs. 1 and 2.

Species in the subgenus Aporodon
formed a monophyletic group in all analy-
ses (Fig. 1) with the exception of Reithro-
dontomys sp. A. However, our results are
not congruent with the monophyletic origin
of the subgenus Reithrodontomys (Fig. 1)
as suggested by Nelson et al. (1984) and
assumed by Bell et al. (2001). Rather, our
data suggest that the Aporodon clade is de-
rived from ancestral forms most similar to
R. sumichrasti and R. chrysopsis. Accord-
ing to Hooper (1952), these latter taxa orig-
inated in the humid highlands of southern
Mexico and Central America, occupy
equivalent habitats, and have ecological re-
quirements similar to the more specialized
species of Aporodon such as R. creper and
R. tenuirostris.

Within the subgenus Aporodon, species
are divided into 2 clades (Fig. 2) that mirror
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the composition of the R. mexicanus (R.
gracilis, R. mexicanus, and R. spectabilis)
and the R. tenuirostris (R. creper, R. micro-
don, and R. tenuirostris) species groups de-
limited by Hooper (1952). With the excep-
tion of the placement of R. creper, relation-
ships among these taxa are not altered
(compare Figs. 1 and 2), regardless of the
out-group taxon (or taxa) used to root the
trees. Specifically, the sister group relation-
ship between R. microdon and R. tenuiros-
tris is supported.

Reithrodontomys microdon is paraphylet-
ic relative to R. tenuirostris. We sampled R.
microdon from 2 localities; central Guate-
mala and central Chiapas, Mexico. The kin-
ship between the Chiapan sample of R. mi-
crodon and R. tenuirostris may indicate that
R. tenuirostris evolved from a R. micro-
don–like ancestor in central Chiapas, Mex-
ico, because both the Chiapan R. microdon
and R. tenuirostris were collected from the
same locality (Cerro Tzontehuitz).

The close relationship between R. grac-
ilis and R. spectabilis as suggested by Jones
and Lawlor (1965) is supported. In our re-
sults, R. gracilis also is paraphyletic with
respect to R. spectabilis. R. spectabilis, a
form endemic to Cozumel Island, is cladis-
tically associated with the population of R.
gracilis found on the Yucatan Peninsula
close to Isla Cozumel rather than with the
other sample of R. gracilis included in our
analysis. The 2nd sample of R. gracilis was
collected approximately 400 km to the
southwest on the opposite side of the Yu-
catan Peninsula. It seems likely, therefore,
that R. spectabilis evolved from R. gracilis
stock located on the Yucatan Peninsula ad-
jacent to Isla Cozumel.

The phylogenetic affinity of Reithrodon-
tomys sp. A to other species of Reithrodon-
tomys is problematic. It morphologically re-
sembles other species of Aporodon, such as
R. mexicanus, in traits such as dental pat-
tern (M. Carleton, pers. comm.), but its am-
biguous phylogenetic position and relative-
ly large number of autapomorphic charac-

ters indicate that this form is an undescribed
species of uncertain phylogenetic affinities.

Sullivan et al. (2000) demonstrated that
the major physiogeographic feature sepa-
rating populations of the codistributed taxa
Peromyscus aztecus–hylocetes and R. sum-
ichrasti in southern Mexico and Central
America was the Isthmus of Tehuantepec.
Inasmuch as R. mexicanus (sensu Hall
1981) has a distribution that is similar to
both P. aztecus and R. sumichrasti, it is
possible that Reithrodontomys sp. A occurs
north of the Isthmus in the Sierra Madre
Oriental and R. mexicanus (sensu Hall
1981) occurs only south of the Isthmus in
Chiapas, Mexico, and other portions of
Middle America. However, populations of
R. mexicanus have not been sampled from
the Sierra Madre Occidental in Mexico or
immediately south of the Isthmus of Te-
huantepec, neither were any samples of R.
mexicanus included from the Sierra Madre
Oriental. Additional sampling of Mexican
as well as Middle and South American R.
mexicanus is critical to delimit the southern
distribution of R. mexicanus (sensu Hall
1981) as well to establish the distributional
limits of Reithrodontomys sp. B (see below)
in Central America and northern South
America.

We believe that the cladistic relation-
ships among samples previously regarded
as R. mexicanus indicate that the popula-
tion from Costa Rica (Reithrodontomys sp.
B) is a distinct species allied with the R.
mexicanus species group. This proposal is
supported by several apomorphic charac-
ters that delimit the Costa Rican popula-
tions from samples of R. mexicanus and by
the fact that the clade that comprised R.
gracilis and R. spectabilis is imbedded
within the samples of R. mexicanus (Figs.
1 and 2). The sample representing Reith-
rodontomys sp. B is referable to R. mexi-
canus cherrii, a morphologically distinct
subspecies found in central and eastern
Costa Rica and in western Panama. This
subspecies is characterized by a relatively
large size and brighter pelage (Hooper
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1952). Additional sampling of other cen-
tral American harvest mice (R. breviros-
tris, R. paradoxus, R. rodriguezi), as well
as additional forms now considered sub-
species of R. mexicanus (garichensis and
potrerograndei—Hall 1981:651) should be
undertaken so that phylogenetic relation-
ships and distributional limits of these taxa
can be determined.

Relationships among the 4 species of the
subgenus Reithrodontomys (R. chrysopsis,
R. sumichrasti, R. megalotis, and R. fulves-
cens; Fig. 1) are congruent with Hooper’s
(1952) morphological summary that arrang-
es R. chrysopsis and R. sumichrasti as sister
taxa. Placement of R. fulvescens as basal to
other representatives of the subgenus Reith-
rodontomys also is consistent with Hooper’s
(1952) arrangement as well as that of Bell
et al. (2001) based on mitochondrial cyto-
chrome-b sequence data.

Hooper (1952) hypothesized that the ar-
chetypal (least specialized) harvest mouse
probably was small, short-tailed, with a
short and broad skull and relatively simple
cusp patterns of the molar teeth. This an-
cestral form likely inhabited ‘‘semiarid
grasslands’’ (Hooper 1952:195). However,
Carleton and Myer (1979) provided an al-
ternate hypothesis in which they proposed
that the ‘‘common ancestor of Reithrodon-
tomys may have resembled a medium-sized,
scansorial species’’ that was similar either
to R. fulvescens or to R. gracilis (Carleton
and Myers 1979:311). Our data and those
of Bell et al. (2001) support the latter hy-
pothesis. A clearer picture likely will
emerge with increased taxon sampling, par-
ticularly among species now allocated to
the subgenus Reithrodontomys such as R.
burti, R. humulis, and R. montanus. On the
other hand, our genic data support Hooper’s
contention that species of Aporodon are
more specialized. Taxa referable to the sub-
genus Reithrodontomys are basal to the
more derived species belonging to the sub-
genus Aporodon in all phylogenetic analy-
ses using P. maniculatus as the out-group
(summarized in Fig. 1). We also support

Hooper’s (1952:196) proposal that the
‘‘generalized’’ species concentrate in the
northern part of the range of the genus and
specialized species in the southern part of
the range. Therefore, we consider it likely
that ecological (and corresponding morpho-
logical) specializations associated with the
evolution of an arboreal lifestyle are de-
rived conditions in the genus Reithrodon-
tomys.

RESUMEN

Para estimar la diferenciación genética y
las relaciones filogenéticas entre especies
selectas del subgénero Aporodon, evalua-
mos 31 loci genéticos para 6 especies del
subgénero Aporodon (R. creper, R. gracilis,
R. mexicanus, R. microdon, R. spectabilis,
and R. tenuirostris) y para 4 especies del
subgénero Reithrodontomys (R. chrysopsis,
R. fulvescens, R. megalotis, and R. sumi-
chrasti). Los árboles filogenéticoas resul-
tantes fueron comparados con resultados de
previos estudios moleculares y morfológi-
cos. Los resultados demuestran que el sub-
género Aporodon es monofilético. Las re-
laciones obtenidas con base en aloenzimas
son, en su mayorı́a, congruentes con un an-
álisis previo basado en caracteres morfoló-
gicos. Sin embargo, las muestras de R. mex-
icanus no forman un linaje monofilético.
Por consiguiente, las poblaciones del norte-
centro de Oaxaca y de Costa Rica proba-
blemente representen 2 especies separados
no descritas.
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zález, Y. Hortelano, B. Lim, J. Martinez, and F.
Reid for assistance in the field.

LITERATURE CITED

ALLEN, J. A. 1895. On the species of the genus Reith-
rodontomys. Bulletin of the American Museum of
Natural History 7:107–143.

ARCHIE, J. W., C. SIMONS, AND A. MARTIN. 1989. Small
sample size does decrease the stability of dendro-
grams calculated from allozyme-frequency data.
Evolution 43:678–683.

ARELLANO, E. 1994. Allozymic relationships among
six species of the harvest mice (subgenus Aporo-
don). M.S. thesis, Brigham Young University, Pro-
vo, Utah.

ARNOLD, M. L., L. W. ROBBINS, R. K. CHESSER, AND J.
C. PATTON. 1983. Phylogenetic relationships among
six species of Reithrodontomys. Journal of Mam-
malogy 64:128–132.

AVISE, J. A., AND C. F. AQUADRO. 1982. A comparative
study of genetic distances in vertebrates. Evolution-
ary Biology 15:151–185.

BELL, D. M., ET AL. 2001. Patterns of karyotypic me-
gaevolution in Reithrodontomys: evidence from a
cytochrome-b phylogenetic hypothesis. Journal of
Mammalogy 82:81–91.

CALHOUN, S. W., M. D. ENGSTROM, AND I. F. GREEN-
BAUM. 1989. Biochemical variation in pygmy mice
(Baiomys). Journal of Mammalogy 70:374–381.

CARLETON, M. D. 1980. Phylogenetic relationships in
neotomine-peromyscine rodents (Muroidea) and a re-
appraisal of the dichotomy with the New World Cri-
cetinae. Miscellaneous Publications of the Museum of
Zoology, University of Michigan 157:1–146.

CARLETON, M. D. 1989. Systematics and evolution. Pp.
7–141 in Advances in the study of Peromyscus (Ro-
dentia) (G. L. Kirkland, JR. and J. N. Layne, eds.).
Texas Tech University Press, Lubbock.

CARLETON, M. D., AND P. MYERS. 1979. Karyotypes of
some harvest mice, genus Reithrodontomys. Journal
of Mammalogy 60:307–313.

ENGSTROM, M. D., R. C. DOWLER, D. S. ROGERS, D. J.
SCHMIDLY, AND J. W. BICKHAM. 1981. Chromosomal
variation within four species of harvest mice (Reith-
rodontomys). Journal of Mammalogy 62:159–162.

GORMAN, G. C., AND J. RENZI. 1979. Genetic distances
and heterozygosity estimates in electrophoretic stud-
ies: effects of ample size. Copeia 1979:242–249.

HAFNER, M. S., L. J. BARKLEY, AND J. M. CHUPASKO.
1994. Evolutionary genetics of New World tree
squirrels (tribe Sciurini). Journal of Mammalogy 75:
102–109.

HAFNER, M. S., W. L. GANNON, J. SALAZAR-BRAVO,
AND S. T. ALVAREZ-CASTANEDA. 1997. Mammal col-
lections in the western hemisphere: a survey and di-
rectory of existing collections. Allen Press, Law-
rence, Kansas.

HALL, E. R. 1981. The mammals of North America.
2nd ed. John Wiley & Sons, Inc., New York 2:601–
1181 1 90.

HARRIS, D. S., AND D. S. ROGERS. 1999. Species limits
and phylogenetic relationships among populations of
Peromyscus furvus. Journal of Mammalogy 80:530–
544.

HOOD, C. S., L. W. ROBBINS, R. J. BAKER, AND H. S.
SHELLHAMMER. 1984. Chromosomal studies and evo-
lutionary relationships of an endangered species,
Reithrodontomys raviventris. Journal of Mammalo-
gy 65:655–667.

HOOPER, E. T. 1952. A systematic review of harvest
mice (genus Reithrodontomys) of Latin America.
Miscellaneous Publications of the Museum of Zo-
ology, University of Michigan 77:1–255.

HOOPER, E. T., AND G. G. MUSSER. 1964. Notes on the
classification of the rodent genus Peromyscus. Oc-
casional Papers of the Museum of Zoology, Univer-
sity of Michigan 635:1–13.

HOWELL, A. H. 1914. Revision of the American har-
vest mice (genus Reithrodontomys). North American
Fauna 36:1–97.

JONES, J. K., JR., AND H. H. GENOWAYS. 1970. Harvest
mice (genus Reithrodontomys) of Nicaragua. Occa-
sional Papers of the Western Foundation of Verte-
brate Zoology 2:116.

JONES, J. K., JR., AND T. E. LAWLOR. 1965. Mammals
from Isla Cozumel, Mexico, with description of a new
species of harvest mouse. University of Kansas Pub-
lications, Museum of Natural History 16:409–419.

KILPATRICK, C. W. 1981. Genetic structure in insular
populations. Pp. 28–59 in Mammalian population
genetics (M. H. Smith and J. Joule, eds.). University
of Georgia Press, Athens.

KOOP, B. F., R. J. BAKER, M. W. HAIDUK, AND M. D.
ENGSTROM. 1984. Cladistical analysis of primitive
G-band sequences for the karyotype of the ancestor
of the Cricetidae complex of rodents. Genetica 64:
199–208.

LE CONTE, J. 1853. Descriptions of three new species
of American Arvicolae, with remarks upon some
other American rodents. Proceedings of the Acade-
my of Natural Sciences of Philadelphia 5:404–420.

MABEE, P. M., AND J. HUMPHRIES. 1993. Coding poly-
morphic data: examples from allozymes and ontog-
eny. Systematic Biology 42:166–181.

MARDULYN, P., AND J. M. PASTEELS. 1994. Coding al-
lozyme data using step matrices: defining new orig-
inal states for the ancestral taxa. Systematic Biology
43:567–572.

MURPHY, R. W., J. W. SITES, JR., D. G. BUTH, AND C.
H. HAUFLER. 1996. Protein I: isozyme electropho-
resis. Pp. 45–126 in Molecular systematics (D. M.
Hillis and C. Moritz, eds.). Sinauer Associates, Inc.,
Publishers, Sunderland, Massachusetts.

NELSON, K., R. J. BAKER, H. S. SHELLHAMMER, AND R.
K. CHESSER. 1984. Test of alternative hypotheses
concerning the origin of Reithrodontomys raviven-
tris: genetic analysis. Journal of Mammalogy 65:
668–673.

RENNERT, P. D., AND C. W. KILPATRICK. 1987. Bio-
chemical systematics of Peromyscus boylii II: chro-
mosomally variable populations from eastern and
southern Mexico. Journal of Mammalogy 68:799–
811.

RINKER, G. C., AND E. T. HOOPER. 1950. Notes on the
cranial musculature in two subgenera of Reithrodon-



February 2003 ARELLANO ET AL.—APORODON ALLOZYMES 141

tomys (harvest mice). Occasional Papers of the Mu-
seum of Zoology, University of Michigan 528:1–11.

ROBBINS, L. W., AND R. J. BAKER. 1980. G- and C-
band studies on the primitive karyotype for Reith-
rodontomys. Journal of Mammalogy 61:708–714.

ROGERS, D. S., AND M. D. ENGSTROM. 1992. Evolu-
tionary implications of allozymic variation in tropi-
cal Peromyscus of the mexicanus species group.
Journal of Mammalogy 73:55–69.

ROGERS, S. J. 1972. Measures of genetic similarity and
genetic distance. Studies in Genetics VII, University
of Texas Publication 7213:145–153.

SULLIVAN, J., E. ARELLANO, AND D. S. ROGERS. 2000.
Comparative phylogeography of Mesoamerican
highland rodents: concerted versus independent re-
sponse to past climatic fluctuations. American Nat-
uralist 155:755–768.

SULLIVAN, J. M., C. W. KILPATRICK, AND P. D. RENNERT.
1991. Biochemical systematics of the Peromyscus
boylii species group. Journal of Mammalogy 72:
669–680.

SWOFFORD, D. L. 1999. PAUP*: phylogenetic analysis
using parsimony. Version 4.07b. Sinauer Associates,
Inc., Publishers, Sunderland, Massachusetts.

SWOFFORD, D. L., AND R. B. SELANDER. 1989. BIOSYS-
1: a computer program for the analysis of allelic var-
iation in population genetics and biochemical system-
atics. Natural History Survey, Champaign, Illinois.

TEMPLETON, A. 1983. Phylogenetic inference from re-
striction endonuclease cleavage site maps with par-
ticular reference to the evolution of humans and the
apes. Evolution 37:221–244.

WATROUS, L. E., AND A. D. WHEELER. 1981. The out-
group comparison method of character analysis. Sys-
tematic Zoology 30:1–11.

WERBITSKY, D., AND C. W. KILPATRICK. 1987. Genetic
variation and genetic differentiation among allopat-
ric populations of Megadontomys. Journal of Mam-
malogy 68:305–312.

WIENS, J. J. 1995. Polymorphic characters in phyloge-
netic systematics. Systematic Biology 44:482–500.

WIENS, J. J., AND M. R. SERVEDIO. 1997. Accuracy of
phylogenetic analysis including and excluding poly-
morphic characters. Systematic Biology 46:332–345.

Submitted 12 March 2001. Accepted 15 May 2002.

Associate Editor was Meredith J. Hamilton.

APPENDIX I

Specimens examined.—The 71 specimens ex-
amined are listed below by taxa, collecting lo-
cality, and museum acronym (Hafner et al.
1997). Abbreviations for voucher numbers are
as follows: ASNHC 5 Angelo State Natural
History Collections; BYU 5 Monte L. Bean
Life Science Museum, Brigham Young Univer-
sity; CNMA 5 Colección Nacional de Mamı́-
feros, Universidad Nacional Autónoma de Mé-
xico, Mexico; LSUMZ 5 Louisiana State Uni-
versity Museum of Zoology; and ROM 5 Royal
Ontario Museum. Numbers following species

names indicate geographic samples within spe-
cies, and these numbers correspond with desig-
nations in Table 2 and Appendix II.

Reithrodontomys chrysopsis.—MEXICO. Ve-
racruz, 3.1 km S Puerto del Aire, 2,300 m
(CNMA 34239).

Reithrodontomys creper.—COSTA RICA.
Cartago [Province]: Rio Birris, 12 km N Potrero
Cerrado, 2,800 m (ROM 97318, 97319, 97920–
97922).

Reithrodontomys fulvescens.—(1) MEXICO.
Veracruz: 18 km NW Teocelo, 1,300 m (CNMA
35313). (2) Texas: Nueces County, Port Aransas,
Mustang Island (ASNHC 11632, 11633, 11438,
ASK 3539 and 3546).

Reithrodontomys gracilis.—(1) MEXICO.
Campeche: 52 km SW Champoton (ROM
95890–95894). (2) MEXICO. Yucatan, Laguna
Becanchen (ASNHC 6369–6372).

Reithrodontomys megalotis.—Utah: Utah Coun-
ty, 8 mi W, 3.7 mi S Lehi, 1,500 m (BYU 14721–
14725).

Reithrodontomys mexicanus.—(1) GUATE-
MALA. Baja Verapaz: 5 km E Puruhla, 1,550 m
(ROM 98467–98470 and 98515). (2) GUATE-
MALA. Zacapa: 2 km N San Lorenzo, Sierra de
la Minas, 2,150 m (ROM 99875, 99876, 99879,
99880, and 99892). (3) EL SALVADOR. Santa
Ana: Parque Nacional Montecristo, 1,850 m
(ROM 101508, 101534–101536).

Reithrodontomys microdon.—(1) GUATE-
MALA. Huehuetenango: 12 km NW Santa Eu-
lalia, 2,730 m (ROM 98300, 98320, 98343, and
98382). (2) MEXICO. Chiapas: Municipio Cha-
mula, Cerro Tzontehuitz, 13 km NE San Cris-
tobal de las Casas, 2,880 m (BYU 14474–
14479).

Reithrodontomys spectabilis.—MEXICO. Quin-
tana Roo: Isla Cozumel, 30 km SE San Miguel
(ASNHC 2139–2142 and CNMA 33045).

Reithrodontomys sumichrasti.—MEXICO. Ve-
racruz: Zongolica (CNMA 34241).

Reithrodontomys tenuirostris.—MEXICO. Chia-
pas: Municipio Chamula, Cerro Tzontehuitz, 13
km NE San Cristobal de las Casas, 2,880 m (BYU
14479, 14480).

Reithrodontomys sp. A.—MEXICO. Oaxaca:
Municipio Puerto de la Soledad, Puerto de la
Soledad, 2,600 m (CNMA 33895).

Reithrodontomys sp. B.—COSTA RICA. San
Jose Province: 1 km SW Poas, 1,500 m
(LSUMZ 25164, 25165, 25375, and 25376).

Peromyscus maniculatus.—Utah: Utah Coun-
ty, 8 mi W, 3.7 mi S Lehi, 1,500 m (BYU
13278–13285).
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APPENDIX II

Genetic variability at 29 polymorphic loci across samples of mice in genera Reithrodontomys and Peromyscus.
Numbers below species abbreviations are sample sizes, numbers following species abbreviations are population
samples as indicated in Appendix I, n 5 number of alleles per locus, letters refer to alleles, numbers in parenthesis
are allele frequencies at a single locus. Taxon abbreviations are as follows: R. mex 5 R. mexicanus; R. mic 5 R.
microdon; R. crep 5 R. creper; R. tenu 5 R. tenuirostris; R. spec 5 R. spectabilis; R. gra 5 R. gracilis; R. sumi
5 R. sumichrasti; R. chry 5 R. chrysopsis; R. ful 5 R. fulvescens; R. mega 5 R. megalotis; and P. mani 5 P.
maniculatus.

Locus n
R. mex-1

5
R. mex-2

5
R. mex-3

4
R. sp. A

1
R. sp. B

4
R. mic-1

4
R. mic-2

6
R. crep

5
R. tenu

2

LDH-1

LDH-2
AAT-1

AAT-2
MDH-1

SOD-1
SOD-2

2

2
8

2
2

2
3

a

a
c

b
b

b
a

a

a
c

b
b

b
a

a

a
c

b
b

b
a

b

a
c

b
b

b
a

a

a
h

b
b

b
a

a

a
e

b
a (0.75)
b (0.25)
b
a

a

a
e

b
b

b
a

a

a
b (0.20)
e (0.80)
b
b

b
a

a

a
e

b
b

b
a

IDH-1

IDH-2

G3PDH

PGM

PNP

GPI

PEP-A

2

3

2

3

7

4

3

b

b

a

b

b

a

a

b

a (0.20)
b (0.80)
a

b

a (0.20)
b (0.80)

a

a (0.10)
b (0.90)

b

b

a

b

b

a

b

b

—

a

b

b

b

a

b

c

a

b

b

a

b

b

b

a

b

d

a

a

b

b

a (0.83)
b (0.17)
b (0.83)
c (0.17)
d

a

b

b

b

a

b

b (0.50)
d (0.50)

a

a

b

b

a

b

d

a

b

PEP-B

PEP-D

PEP-F
ALB
PGDH

MPI

ADA

ADH

4

3

3
2
9

3

6

6

c

b

b
a
b

c

c (0.20)
d (0.50)
e (0.30)
b

c

b

b
a
b

c

d (0.20)
e (0.80)

b

c

b

b
a
b

c

d

b

b (0.50)
c (0.50)
b

c
a
d

b

c

d

c

b

b
a
b

c

d (0.67)
f (0.33)

d (0.33)

a (0.12)
c (0.88)
b

b
a
b

c

c

d

c (0.92)
d (0.08)
b (0.83)
c (0.17)
b
a
b

c

c

d

c

b (0.90)
c (0.10)
b
b
a (0.70)
c (0.30)

c

c (0.40)
e (0.60)

f

c

b

c
a
b

c

a

d

MDHP

a-GLUS

b-GLUS

b-GLUR
a-MAN
AK
CK

5

4

6

2
3
2
3

d

b

e

b
b
a
a

d

b

d

b
b
a
b

d

b

e (0.88)
f (0.12)
b
b
a
b

c

b

e

b
b
a
b

b (0.75)
d (0.25)
c (0.67)

e

b
b
a
b

e (0.67)
d

b
d (0.33)
d

b
b
a
b

d

b

e (0.80)
f (0.20)
b
b
a
a

d

c

e

b
b
a
b

d

c

d

b
c
a
a (0.50)
b (0.50)
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APPENDIX II.—Extended.

n
R. spec

5
R. gra-1

5
R. gra-2

4
R. sumi

1
R. chry

1
R. ful-1

1
R. ful-2

2
R. mega

5
P. mani

8

2

2
8

2
2

2
3
2

3

2

a

a
e

b
b

a
a
b

b

a

a

a
e

b
b

a
a
b

b

a (0.80)

a

a
e

b
b

a
a
b

b

a

a (0.50)
b (0.50)
a
a (0.50)
f (0.50)
b
b

a
c
a (0.50)
b (0.50)
b

a

b

a
e

b
b

b
c
a (0.50)
b (0.50)
b

a

b

a
g

b
b

b
c
b

b

a

b

a
g

b
b

b
c
b

b

a

b

a
g

b
b

b
b
b

b

a

b

b
d (0.21)
g (0.79)
a
a

b
a
b

c

b

3

7

4

3

4

b

a (0.50)
b (0.50)

a

a

c

b

b (0.80)
c (0.20)

a

a

c

b (0.20)
b (0.87)
c (0.13)
a (0.13)
b (0.87)

a

a

b (0.13)
c (0.87)

b

f

a

a

c

b

d

a

a

c

b

e

c

b

c

a (0.10)
b (0.90)
d (0.20)
e (0.80)

d

b

b (0.40)
c (0.60)

b (0.90)
c (0.10)
b

a (0.80)
b (0.20)
a (0.20)
b (0.80)
c

a (0.07)
b (0.93)
d (0.50)
e (0.36)
f (0.07)
g (0.07)
d

a

c (0.86)
d (0.14)

3

3
2
9

b

b
a
b

a (0.40)
b (0.60)
b
a
b (0.90)
c (0.10)

b (0.87)
c (0.13)
b
a
b

b

c
a
f

b

a
a
f

a

b
a
b

a

b
a
b

a (0.40)
b (0.60)
b
a
f

a

b
a
c (0.07)
e (0.22)
f (0.07)
g (0.43)
h (0.14)
i (0.07)

3

6

c

d (0.90)

b (0.30)
c (0.70)
d (0.80)

c

d

b

c

b

d

b

a

b (0.75)
c (0.25)
a

a (0.10)
b (0.90)
b (0.40)

c

b (0.71)

6

5

4

6

2
3
2
3

e (0.10)

d

d

b

e

b
c
a
b

e (0.20)

b

d

b

e

b
c
a
b

b

d

b

e

b
c
a
b

—

d

b

c

b
b
a
b

—

c

b

c

a
b
a
b

c

a

b

c

b
a
b
a

d

a

b

c

b
b
b
a

c (0.60)

d

d

b

c

b
b
a
a (0.20)
b (0.80)

c (0.21)
d (0.08)
a (0.86)
b (0.14)
e

b

a (0.07)
b (0.93)
b
b
a
c


