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Mound Structure in Three Taxa of Mexican Kangaroo Rats (Dipodomys
spectabilis cratodon, D. s. zygomaticus and D. nelsoni)

ABSTRACT: Intertaxon variation in eight characters of 83 active burrows of kanga-
roo rats (Dipodomys spectabilis cratodon, D. s. zygomaticus and D. nelsoni) was studied in
the Mexican states of Chihuahua, Zacatecas and Coahuila. Six characters exhibited
significant intertaxon heterogeneity. Mounds constructed by D. s. eratodon were signif-
icantly smaller in diameter and height, those of D. s. zygomaticus were significantly
closer together, and those of D. nelsoni had significantly more total openings and ac-
tive openings and significantly smaller average diameter of inactive openings, than
those of the other taxa. The two subspecies of D. spectabilts construct mounds that are
more similar to each other than either is to D. nelsoni. Burrow structure may be a use-
ful taxonomic character.

InTRODUCTION

Taxonomic relationships between Dipodomys nelsoni and D. spectabilis have been examined (see
Best, in press). Baker (1956), Anderson (1972), and Matson (1980) separated these taxa into
distinct species, though Nader (1978) considered them conspecific because of morphologic sim-
ilarities. While a great deal is known about the ecology of D. spectabilis (Vorhies and Taylor,
1922), little ecologic information is available for D. nelsoni (e.g., Baker, 1956; Anderson, 1972).
Though they are morphologically similar, it would be useful to evaluate ecologic parameters,
such as the structure of their burrows, which is closely related to functional morphology and
behavior.

Intraspecific comparisons of burrows have been made among populations of Dipodomys agilis
in Baja California (Best, 1982); however, no studies have compared burrow structure between
species of Dipodomys. Previous accounts have described characteristics of the large earthen
mounds constructed by D. spectabilis (e.g., Vorhies and Taylor, 1922; Taylor, 1930; Best, 1972;
Schroder and Geluso, 1975; Moroka et al., 1982), but only Baker (1956) has described mounds
built by D. nelsoni. The purposes of this study were to determine the density and surface attri-
butes of mounds for two subspecies of D. speciabilis (cratodon and zygomaticus) and for D. nelsoni
and to determine differences and similarities among these taxa.

METHODS AND MATERIALS

We analyzed eight mound characters of kangaroo rats at three localities in N-central Mex-
ico. Maximum diameter (greatest distance across the area elevated to form the mound) and
height (distance the mound projected above the unexcavated surface near the mound) were re-
corded to the nearest cm, number of active openings was determined by examination of tracks
or tail prints at burrow openings, diameter of active and inactive burrows was measured to the
nearest millimeter, and distance to the nearest mound was determined to the nearest meter.
Fifteen active burrows systems of Dipodomys spectabilis cratodon were examined 10 km NE Villa
de Cos, Zacatecas, 46 burrows of D. spectabilis zygomaticus were examined 18.4 km ENE Hi-
dalgo del Parral, Chihuahua, and 22 burrows of D. nelsoni were examined 7.2 km W General
Cepeda, Coahuila. While no attempt was made to quantify characteristics of soil and vegeta-
tion, both features were assessed qualitatively. Soils were hard-packed sandy loam and ap-
peared equally friable at all sites. We studied burrows of D. s. cratodon in a dense cactus (Opun-
tia) and shrub forest (Acacia, Larrea, etc.), D. s. zygomaticus in an open grassland (Bouteloua) with
scattered catclaw (Acacia), and D. nelson: in an area dominated by scattered creosote bush (Lar-
rea), catclaw and cactus.

Character heterogeneity among taxa was tested using a one-way analysis of variance, and a
sums of squares simultaneous test procedure to determine maximally nonsignificant subsets
(SS-STP; Gabriel and Sokal, 1969). Mean measurements of each character for each taxon were
used in multivariate procedures. Characters were standardized (so that each had a mean of 0
and a standard deviation of 1 across taxa), and correlation and distance matrices were calcu-
lated (Sneath and Sokal, 1973). Clusters of taxa and characters were obtained with the un-
weighted pair-group method using arithmetic averages (UPGMA). Principal components were
calculated from a correlation matrix among characters, and projections of the taxa were plotted
on the first three components. To elucidate correlations among characters, dendrograms were

constructed from cor-lation matrices of the eight standardized characters. Statistical analyses
were performed at 1= University of New Mexico Comypnter Center using the programs UN-
I'VAR (D. M. Powei. unpublished) and N'I-SYS (Rohlf o «/., 1974).
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Character correlations. —Diameter and height of all mounds were highly correlated with each
other (r =0.95), as were total number of openings, number of active openings and number of
inactive openings (r>0.96). The least correlated characters were the distance to the nearest
mound, average diameter of active openings and average diameter of inactive openings
(r<0.51). Thus, our character set represented traits that were relatively heterogeneous.

Intertaxon variation. — Density of mounds was 5.6 per ha for Dipodomys spectabilis cratodon, 13.5
per ha for Dipodomys s. zygomaticus and 12.9 per ha for D. nelsoni. The smaller number of bur-
rows examined for D. s. cratodon may be related to the difficulty in locating burrows in the
dense cactus forest of southern Zacatecas.

Significant intertaxon heterogeneity was shown by six of eight characters (Table 1). Only
diameter of active openings and number of inactive openings were not significantly different
among taxa. As evidenced by the F-ratios, total number of openings and number of active
openings exhibited the most intertaxon variation, whereas diameter of mound and average
diameter of inactive openings exhibited the least, i.e., of those showing significant intertaxon
variation.

Dipodomys spectabilis cratodon had larger average diameter of inactive openings and distance
to nearest mound (Table 2). Mounds constructed by this taxon were significantly smaller than
the other taxa in diameter and height (Table 1).

Mounds constructed by Dipodomys spectabilis zygomaticus had greatest diameters and greatest
average diameters of active openings (Table 2). This taxon had the smallest means for total
number of openings, numbers of active and Inactive openings, and distance to the nearest
mound. Dipodomys s. zygomaticus was significantly different from the other two taxa in having
the shortest distance between mounds (Table I).

Dipodomys nelsoni had largest means for height of mound, total number of openings, and
numbers of active and inactive openings, and the smallest means for average diameter of active
and inactive openings (Table 2). Statistically significant differences were shown by its largest
means for total number of openings and number of active openings, and its smallest mean for
average diameter of inactive openings (Table 1).

Multivariate analyses. — Phenograms were constructed from correlation and distance matrices
derived from means of the eight characters. The correlation phenogram was divided into two
clusters at a correlation of -0.55. One cluster contained the two subspecies of Dipodomys spectabi-
lis and the other contained D. nelsoni; the cophenetic correlation coefficient was 0.78. For the
distance phenogram, the same clusters were present. The subspecies of D. spectabilis were sepa-

TaBLE 1.— Variation in mounds constructed by kangaroo rats in Mexico. Statistically ho-
mogeneous subsets derived from SS-STP analysis are shown by lines below the taxa which are
ranked by mean. One asterisk (*) indicates P=<0.05 and two asterisks (**) indicate P <0.01

Character F-ratio Taxa

Diameter of 6.586* D. 5. zygomaticus  D. nelsoni  D. s. cratodon
mound

Height of 25:960%* D. nelsoni  D. s. zygomaticus D. s. cratodon
mound

Total no. of 120.562** D. nelsont  D. s. cratodon  D. s. zygomaticus
openings

No. active 100.649** D. nelsoni  D. s. cratodon  D. 5. zygomaticus
openings ——————=

No. inactive 1.998 D. nelsoni  D. s. cratodon D. s. zygomaticus
openings

Ave. diameter of 1.352 D. s. zygomaticus D. s. cratodon D. nelson:
active openings

Ave. diameter of B.074** D. 5. cratodon  D. s. zygomaticus D. nelsont
inactive openings

Distance to 10.258** D. 5. ¢ratodon D, nelsoni  D. s. zygomaticus

nearest mound
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rated from D. nelsoni at a phenetic distance of 1.49, and the cophenetic correlation coefficient
was 0.98.

Loadings of characters on the first three component axes showed total number of openings,
number of active openings, and number of inactive openings to have correlations greater than
0.95 on the first component axis, and average diameter of inactive openings had a correlation
of -0.99 on this axis. The highest positive loading on the second component was for distance to
nearest mound (r =0.99), and highest negative loadings were for diameter of mound, height of
mound, and average diameter of active openings (r>-0.76). No characters showed loadings on
the third principal component. The phenetic variance represented on component one was
60.7% and 39.3% was represented on component two.

Loadings of taxa on the first two axes placed Dipodomys nelsoni well away from the two sub-
species of D. spectabilis. On component one, D. nelsoni had a loading of 0.89, D. s. zygomaticus
—0.53% and D. s. cratodon —0.36. The second component had loadings of —0.08 for D. nelsoni,
—-0.59 for D. 5. zygomaticus, and 0.66 for D. 5. cratodon. The closest taxa were D. s. zygomaticus
and D. s. cratodon (1.26), and D. nelson: was closest to D. s. cratodon (1.46).

Discussion

Our reports of exterior dimensions, burrow characteristics and spacing of the mounds con-
structed by Dipodomys spectabilis agree with previous observations (e.g., Vorhies and Taylor,
1922; Taylor, 1930; Schroder and Geluso, 1975; Moroka et al., 1982). However, we found
mounds constructed by D. s. cratedon were not as tall, as wide, or as close together as those of
D. s. zygomaticus. This indicates geographic variation in mound characteristics of D. spectabilis.
Best (1982) described geographic variation in burrow characteristics of D. agilis in Baja Califor-
nia and related the variation to environmental and morphologic attributes. Mean body mea-
surements (in mm) of D. nelson: and D. s. zygomaticus from Chihuahua, respectively, are: total
length, 308.1, 335.6; length of tail, 180.1, 193.7; length of hind foot, 46.8, 51.4; length of ear,
14.9, 16.4; and body weight (in g), 84.7, 116.5 (Anderson, 1972). Perhaps body size is related
to differences in burrow characteristics, because there is geographic variation in morphology
within D. spectabilis (Nader, 1978). However, we do not have data that would allow comparisons
similar to those made by Best (1982).

Though no previous studies have reported dimensions of Dipodemys nelsont mounds, we ex-
pected them to be similar to those of D. spectabilis because of morphologic similarities, and they
were. However, D. nelson: differed significantly from the two subspecies of D. spectabilis in total
number of exterior openings, number of active openings, and average diameter of inactive

TasLE 2. —Means (standard deviation; range) of eight burrow characteristics of three taxa
of kangaroo rats from Mexico

Character D. 5. cratodon D. s. zygomaticus D. nelsoni
Diameter of 281.8 373.2 366.6
mound (cm) (47.7; 190-380) (97.5; 192-630) (81.4; 220-525)
Height of 18.4 41.6 50.3
mound (cm) (5.1; 10-25) (11.5; 20-66) (19.8; 20-84)
Total no. of 5.7 4.3 13.5
openings (2:4;.2-10) (1.9; 1-8) (3.1; 8-20)
No. active 3.6 2.6 10.8
openings (2.2;:1-7) (1.2; 1-5) (3.7; 4-17)
No. inactive 2.1 1.7 27
openings (1.8; 0-6) (1.7; 0-6) (2.5; 0-7)
Diameter of active 7.6 8.1 7.6
openings (cm) (1.5; 5.1-10.0) (1.7; 4.8-11.4) (1-1;/5:5-9.4)
Diameter of inactive 7.3 7.2 4.8
openings (cm) (2.1; 3.2-10.5) (2.3; 2.5-12.0) (0:9::3.5-7.3)
Distance to 19.6 10.5 15.6
nearest mound (m) (12.4; 5-41) (4.0; 5-19) (7.7; 5-33)
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openings. These differences were not apparent in the field, but upon examination of photo-
graphs of the mounds the differences were conspicuous in most cases. Though there were no
statistical differences in spacing of mounds between D. nelsoni and D. 5. cratodon, mounds of D.
nelsoni appear less abundant. It is likely that mounds of D. s. cratodon were more abundant than
our data indicate because they were located among dense stands of Opuntia and shrubs in Zaca-
tecas. Based upon our qualitative observations, mounds constructed by D. nelsoni in dirt piles
along Hwy. 137 between General Cepeda and Parras, Coahuila, were much closer together
than those in the adjacent creosote bush desert where we studied them. In addition to possibly
more favorable soil conditions along the roadway, the larger concentration of mounds there
may be related to the distribution of windblown seeds that serve as a source of food.

Multivariate analyses placed the two subspecies of Dipodomys spectabilis closer to each other
than either was to D. nelsoni. If there was clinal geographic variation in burrow characteristics
among the three taxa, D. nelsoni should have been placed between the subspecies of D. spectabi-
lis. Geographically, the sample of D. nelsoni is between those of D. spectabilis. Our observations
indicated the habitats of D. nelsoni and D. s. zygomaticus were similar, and the habitat of D. s.
cratodon was very different from both of them. Results of our analyses lend credibility to the tax-
onomic separation of D. nelsoni from D. spectabilis.

The taxonomic relationship of Dipodomys spectabilis and D. nelsoni has been addressed in
terms of variation in cranial morphology (see Best, in press), but our study is the first to assess
variation in burrow characteristics between these species. The separation of D. nelsoni from D.
spectabilis on the basis of three burrow characters using univariate statistics and the placement
of the two subspecies of D. spectabilis together and separated from D. nelseni in the multivariate
analyses provide additional evidence that these taxa are distinct.

The difference in size of the inactive burrow openings could be because there are different
mammals associated with D. nelsoni than with D. spectabilis; associated species would play a role
in modifying or constructing burrows. The greater total number of burrow openings and num-
ber of active openings for D. nelsoni as compared to D. spectabilis may be related to environmen-
tal parameters that require more ventilation within the burrow system, or the soil is more fria-
ble where D. nelsoni occurs. Whatever the causes of the differences between D. spectabilis and D.
nelsoni, they clearly exist. If these differences exist throughout the ranges of these species, they
would represent ecologic and behavioral differentiation. Additional study is needed to deter-
mine the extent of ecologic variation within and between D. nelsoni and D. spectabilis; we have
shown that differences exist in burrow characteristics of these species in N-central Mexico.

Acknowledgments. — We are grateful to M. Thomas and L. Hovey-Smith for assistance in the
fieldwork. G. D. Baumgardner, T. E. Garrison, and K. N. Geluso critically reviewed an early
draft of the manuscript.

LiTERATURE CITED

AnpERsoN, S. 1972. The mammals of Chihuahua: taxonomy and distribution. Bull. Am. Mus.
Nat. Hist., 148:149-410.

Baker, R. H. 1956. Mammals of Coahuila, México. Univ. Kans. Publ. Mus. Nat. Hist., 9:125-
335;

Best, T. L. 1972. Mound development by a pioneer population of the banner-tailed kangaroo
rat, Dipodomys spectabilis baileyi Goldman, in eastern New Mexico. Am. Midl. Nat.,
87:201-206.

. 1982. Relationships of the burrows of Baja California kangaroo rats to ecogeographic
and morphologic variation. J. Mammal., 63:532-536.

. Patterns of morphologic and morphometric variation in heteromyid rodents. In:
H.H. Genoways and J.H. Brown (eds.). Biology of the Heteromyidae. Spec. Publ. Am.
Soc. Mammal., in press.

GasrierL, K. R. avp R. R. Sokar. 1969. A new statistical approach to geographic variation
analysis. Syst. Zool., 18:259-278.

Matson, J. O. 1980. The status of banner-tailed kangaroo rats, genus Dipodomys, from central
Mexico. J. Mammal., 61:561-563.

Moroxka, N., R. F. Beck anp R.D. Pieper. 1982. Impact of burrowing activity of the banner-
tail kangaroo rat on southern New Mexico desert rangelands. J. Range Manage.,
35:707-710.

NaDER, I. A. 1978. Kangaroo rats: Intraspecific variation in Dipodomys spectabilis Merriam and
Dipodomys deserti Stephens. Ill. Biol. Monogr., 49:1-116.



220 THE AMERICGAN MIDLAND NATURALIST 119(1)

Romnrr, F. J., J. Kisuraucu anp D. Kirk. 1974. Numerical taxonomy system of multivariate
statistical programs (NT-SYS). State Univ. New York, Stony Brook, 98 p.

Scuroper, G. D. anp K. N. Gewuso. 1975. Spatial distribution of Dipodomys spectabilis
mounds. J. Mammal., 56:363-368.

SneatH, P. H. A. anp R. R. Sokar. 1973. Numerical taxonomy: The principles and practice
of numerical classification. W. H. Freeman and Co., San Francisco, 573 p.

Tavror, W. P. 1930. Methods of determining rodent pressure on the range. Ecology, 11:523-
542.

Voruies, C. T. ano W. P. Tavror. 1922. Life history of the kangaroo rat, Dipodomys spectabilis
spectabilis Merriam. US. Dep. Agric. Bull., 1019:1-40.

Troy L. Best, CLARE INTRESs AND KArREN D. SHuLL, Department of Biology and Museum of
Southwestern Biology, The University of New Mexico, Albuquerque 87131. Submitted 1 Decem-
ber 1986, accepted 4 May 1987.



	1988BestEtAl01of5.bmp
	1988BestEtAl02of5.bmp
	1988BestEtAl03of5.bmp
	1988BestEtAl04of5.bmp
	1988BestEtAl05of5.bmp

