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In the southwestern United States there is a dedicate 

balance between the existing grasslands and the rodent 

fauna, The purpose of this investigation was to determine 

the influence of secondary succession of native grasslands 

upon the ecology and distribution of small rodents. Tvo 

methods of determining the rodent species were plot quadrates 

and trap linos using Sherman live traps. 

Habitats, reproductive conditions, elevational effects, 

edaphic preference, species interaction, and ectoparasites 

of the small rodents were studied between June, 1969, and 

June, 1971, in Big Bend National Park, Texas. Rodents were 

captured in three different plant formations. Grassland^ ' 

Desert Shrub, and Woodland formations, in that order, con-

tained the greatest to the lowest species diversity. 

The distributiona1 relationship of rodents to plant 

formations was analyzed using the resemblance equation, 

n n 

x +• y a 1. Comparison of grassland to desert shrub and 

woodland communities yielded similar values, Q*h,.$ and OJ.j.9,. 

respectively. The grass!sad, intermediate in position geo-

graphical. IT- ,, was influenced by woodland rodent species from 



higher elevations and by species from lower elevations in 

the Desert Shrub formation* 

The Desert Shrub arid Woodland formations had only one 

species (Airanoapermophiius interpres) in common. The con-

trast between the two formations was evident in a similarity 

value of 0.06. The dissimilarity value (Q„9i|) approached 

one and indicated not only rodent species' adaptation to 

edaphic and floristic patterns, but also geographic isolation 

of the Desert Shrub and Woodland formations. The contrast in 

floral and fauna1 composition of the three plant formations 

precluded equilibrium of rodent species. 

Dip odomys merr iarnl, ITootoma ml or op us, Perogiiathus peni-

cillatus, and Peromysera eremleus attained smximum abundance 

In the Desert Shrub formation. Sigmadon hispidus, Peromyscus 

merriami, P. e I thr odont or,ay a niegalotis, and Per omys cua manlcu-

latus preferred grasslands while Peromyscus boylii, 

?eromyscu3 pectoralis, Heotoma aIbigula, and Slgmodon ochrog-

nathus were common In woodlands. 

Specimens were collected between 1,850 and 7*100 feet. 

Only one- species, Spermophilus varisgatus, was recorded from 

each elevational interval. Species diversity was greatest 

between 1,850 and 5>500 feet. Hateromyid rodents were abun-

dant at desert elevations, while cricetid rodents were more 

numerous In the elevational range of the grassland and 

woodland, 



separations were evident. Spsolca of the genera Slgiuodon, 

Spermophilus/ and leotorm were allopatric. 

Winter, fall, and early spring were- periods of high 

reproductive activity, while late spring and early summer 

were low periods,, Average litter size for the rodent species 

was 32. 

Twelve genera and 21 species, four which are new species, 

of chiggers (Family Troxnbiculidae) were collected from 19 

rodent species. Definite trends were evident in host habitat 

preference and chigger ectoparasites. Desert shrub-, 

grassland-, and woodland-inhabiting rodent species exhibited 

similar parasite species. 

Small mammal habitats have been destroyed 011 an ever 

increasing scale by the encroachment of man. It is necessary 

not only to determine how much stress can be placed on the 

balance of an ecological association, but also the capacity 

or extent of recovery when stress is removed and succession 

allowed fco proceed. This has been the case in Big Bend 

National Park. Through severe overgrazing of grassland, the 

ecological balance that had existed for centuries wag dis-

rupted. low recovery has begun and is in initial stages. 

This study will form the foundation through which succession 

to a return of the native environment can be studied for 

years. 
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CHAPTER I 

' INTRODUCTION 

The Problem 

In the southwestern United States there is a delicate 

balance between the existing grasslands and the amount of 

annual precipitation. Since rodents are dependent upon the 

grassland and other existing vegetation for existence, any 

serious disturbance in the ecology of the grasslands would 

certainly have an effect upon local populations. When Big 

Bend National Park, an area of 708,281 acres or 1,100 square 

miles, was established in 19Mj-, the area had been subjected 

to £0 years of severe overgrazing by domestic livestock. 

Two effects were number reduction and range restriction of 

the pronghorn (Antilocapra americana), javelina (Tayassu 

ta.jaca), mule deer (Odocoileus hemionus), and white-tailed 

deer (Odocoileus virginiana) (Bore 11 and Bryant, 19I+2). Ap-

parently the black bear (Ur-sus americanus)» gray wolf (Can is 

lupus) t ocelot (Falis paradalis), opossum (Didelphis raarsu-

pialis), and bighorn (Ovis canadensis) became extinct in the 

park between 1900 and 1930 (Bore3.1 and Bryant, 19lj.2). The 

larger predators disappeared as the large herbivores died or 

migrated from the park area. There are no records concerning 

the impact of overgrazing on the rodents, but it is probable 



that they were affected to a•greater extent than were the 

larger mammals. 

Increased interest in the Chisos Mountains in 1936 and . 

1937 prompted the National Park Service to support a series 

of investigations. These were of the biological survey type 

where both the flora and fauna of the region i-;ere studied. 

Johnson (1936) and Smith (1937) reported on the wildlife of 

the proposed park. Marsh (1937) conducted a survey of the 

Santa Rosa and Sierra del Carmen Mountains of northern Coa-

huila to the south of the park area. Bore11 and Bryant 

(191+2) published the first general study of the mammals of 

Big Bend National Park. Distributional and ecological data 

were presented, but the study was far from comprehensive. 

Their research revealed the environmental restriction and 

small populations of the rodents. Taylor, McDougall, and 

Davis (I9l|lj.) made a general ecological survey adding to the 

information on mammals. Denyes (1956) investigated the veg-

etational relationships of the small mammals. 

Other mammal surveys were conducted in the Big Bend re-

gion by Bailey (1905), Blair (191+0), Blair and Miller (19l{-9)> 

Hermann (1950), Tamsitt (195i{-)> Dixon (1958) * Judd (1967), 

and Easterla (1968, 1970). Judd (1967) commented on Denyes' 

study and suggested that there is presently insufficient 

data on the distribution of small mammals in the park. A 

further review of the literature demonstrates this fact. 

The Borell and Bryant study is outdated, and Denyes, who 
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concentrated on the.desert lowlands, presented little infor-

mation on the mountainous areas of the park. 

It has been 25 years since the removal of the domestic 

livestock. The purpose of this study was to investigate the 

impact of the secondary succession of the native grassland 

upon the ecology and distribution of the rodents in Big Bend 

National Park. This involved the securing of breeding and 

reproductive data, vegetational relationships, altitudinal 

effects, species interactions in overlapping or interface 

areas, taxonomic data, and ectoparasitic information. 

The habitats of small mammals have been destroyed on an 

ever increasing scale by the encroachment of man. It is nec-

essary not only to determine how much stress can be placed 

on the balance of an ecological association, but also the ca-

pacity or extent of recovery when stress is removed and 

succession allowed to proceed. This has been the case in Big 

Bend National Park. Through severe overgrazing of the grass-

land, the ecological balance that had existed in the park for 

centuries was disrupted. How the healing has begun and is in 

its first stages. This study will form the foundation through 

which succession to a return of the native environment can be 

studied for years. There are very few instances where the 

ecology of an area has been so destroyed, yet later allowed 

to repair itself. 
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Place Nanss 

The names of places mentioned In the present paper are 

listed below. The approximate location of each -place in the 

park is given in Pig. 1. A more exact location can be ob-

tained by referring to the topographic map of the Chisos 

Mountains quadrangle, 1905 edition, of the United States. Ge-

ological Survey. 

BASIN (THE), 5,000-5,600 feet—-head of Oak Creek 
BLUE CREEK,—southwest alone of Chisos Mountains 
BONE SPRING DRAW, 2,59)+ feet--four railes south of 
Persirmaon Gap 

30G>UILIAS, 1,800 feet—canyon on Rio Grande River 
BOULDER.KSAD0W, 5,700 feet—northeast base of Emory 
Peak 

BURRO KESA, up to lf.,I|.00 feet—west base of Chisos 
CAST0L0N, 2,100 feet—village on Rio Grande River 
CHI LOG OTA L MOUNTAIN, k, 101;. feet—east base of Chisos 
CHISOS MOUNTAINS, height to 7,835 feet—largest 
range In the area 

DAGGER PLAT, 3,500 feet—northeast Chisos Mountains 
EMORY PEAK, 7,035 feet—highest peak in the Chisos 
GAN0 SPRING., 3,1|00 feet—north base of Burro Mesa 
GLENN SPRING, 2,606 feet—southeast base of Chisos 
HOT SPRINGS, 1,900 feet—on Rio Grande River at 
mouth of Tornillo Creek 

JOHNSON RANCH, 2,060 feet—located on big bend of 
Rio'Grande 

JUNIPER FLAT, 5,600 feet--northeast base of Emory Peak 
JUNIPER CANYON, '{.,000-6,000 feet—on east slope of 
Chisos 

K-BAR, 3,700 feet—three niles east of panther Junction 
LAGUNA MEADOW, 6,700 feet'—irest base of Emory Peak. 
LONE MOUNTAIN, 1j.,132 feet--near northeast base of Chisos 
MARIS GAL MOUNTAIN, 2,i|_00-3,9i4-0 feet—southeast of Chisos 
MESA DS ANGUILA, up to 3,881}- feet—north of Santa Elena 
Canyon 

NINE POINT DRAW, 2,600 feet—five mile3 west of 
Persimmon Gap 

PANTHER. JUNCTION, 3,700 feet--north base of Chisos 
P1IH3IMM0N GAP, 2,970 feet—northwest point of the park 
PiME CANYON, L,000-6,000 feet—northeast slope of Chisos 
ROSILLOS MOUNTAINS, up to 5,i{-20 feet--north of Chisos 
SAN VICENTE, 1,880 feet—village on Rio Grande River 
southeast of Chisos 
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TGBOSA FLAT, 2,000-3,000 feet--west of .Kariscal 
Mountain 

TERLIilG-liA GREEK,—southwest of Chisas Mountains 
TORNILLO CREEK, —north and east of the Chi a os 

Materials and Methods 

One hundred aluminum Sherman live traps, nine inches 

long, three inches wide, and three inches high, baited with 

rolled oats, were used in the study. Traps were checked 

daily before 9:00 a.m. Each trap line consisted of 25 

stations, 25 feet apart, at which one trap was placed for 

three consecutive nights, Thus each trap line consisted of 25 

traps along a line 600 feet long. This procedure is a modi-

fication of the "Calhoun line" which is widely used in 

surveys of relative abundance (Calhoun and Casby, 1958)• 

Lines were set -parallel to natural physiographic features 

such as streams or ridges or through the middle of vegeta-

tions 1 areas. 

When selecting a study area, one assumption made was 

that there was an even distribution of mammals in the area— 

this is seldom ui.10 case. Any sampling method will have its 

disadvantages even in an extensive and uniform type of habi-

tat, but where the terrain is not uniform it becomes even 

more susceptible to error (Drake, 1958). Murray (1957) dis-

cussed small mammal distribution in habitats which, because 

of thexr* lack of uniformity, created sampling problems. He 

showed tnat xn tnree•areas of this type, there was evidence 

that the movement and distribution of small mammals was 
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Influenced by the habitat so that a sample would be biased, 

op subject to error. Sampling stations were distributed 

widely throughout the park and were established to sample as 

many habitats as possible, rather than on a random basis. 

Field work was conducted in Big Bend National Park 

(29° , 00 ' to 20°, ij.01 N latitude) from August, 1969, to June^ 

1971. A total of 1 ,325 specimens was collected. Linear 

body measurements in millimeters were obtained from the 

specimens and include total length, length of tail, hind 

foot length, and height of the ear from the lower notch. 

Body weights were taken to the nearest 0 . 1 g on a tri-

ple beam balance. Sex and reproductive status of all 

specimens were noted. The number of embryos and an average 

crown-rump length of each embryo were recorded for pregnant 

females. 

Statistical analysis using the "Resemblance Equation" 

(Preston, 1962) to test for a break between faunistic homo-

genity and heterogenity was used in analyzing distribution. 

Ectoparasites were obtained by individual removal with 

forceps and by combing the fur. 



CHAPTER I I 

CHARACTERISTICS OF TIIS I AND 

Geology 

Big Bend National Park lies along the border of the 

United States and I-Ie;cico, and includes areas of desert low-

lands and mountains. Here the Rio Grande makes a huge 

U-shaped bend as it forms the international boundary be-

tween the Mexican states of Chihuahua and Coahuila and the 

adjacent state of Texas. ' The park lies within the Basin 

and Range Physiographic Province of Penneman (1931), a pro-

vince characterised by rugged mountain ranges from 1,800 

feet just below the mouth of Boquillas Canyon, to 7,835 feet 

at the top of Emory Peak. The interraontane flats are typi-

cal of the Chihuahuan .Desert. The Chisos fountains provide 

the outstanding physical feature of the area. They are of 

extremely rugged relief, and encircled by sharply sloping 

foothills which merge with the desert plain. 

The area was, intermittently, a sea bed during the 

paleozoic and part of the Kesozoic erasj a swaisoy marsh land 

and a semi-tropical forest in the Cretaceous period; and the 

scene of extensive volcanisra and upheaval in the Cenozoic 

era. 'Since the volcanic mountain building, the land has 

been subjected to erosion# becoming the desert-mountain 
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environment of today. Vast canyons have been cut through, 

uplifted mesas; soluble materials have been dissolved and 

sands, gravels, and smaller rocks have been carried av;ay by 

flood waters forming arroyos, basins, and wide plains. Con-

currently the more resistant rocks were left as peaks, high 

ridges, spires, mesas, and cliffs (Maxwell and Dietrich, 

19^5)• Thus, through a combination of many geological for-

ces such as sedimentation, volcanism, weather changes, and • 

erosion, the Big Bend area has become an area of rough land-

scape and arid desert. 

During the Appalachian Revolution (230 million years ago 

at the end of the Permian period), and the laramide Revolu-

tion (63 million years ago near the end of the Cretaceous 

period) the main geologic uplifts occurred in southwestern 

Texas (Udden, Baker and Bose, 1916). It was during the 

Laramide Revolution that the Rocky Mountain system and the 

Mexican Sierra Kadre ranges were formed. The Big Bend coun-

try lies between these two major mountain ranges, but the 

'Chisos Mountains are not as high as either the Rockies or 

Sierra Kadre ranges. During the Tertiary period and the 

Pleistocene epoch, igneous rock was intruded into the sedi-

mentary deposits of the Lower Cretaceous limestones. Unable 

to reach the surface, molten lava hardened to form the plug-

like masses present in numerous peaks of the Chisos Mountains. 

Extrusive deposits of ash and lava are present in the Cerro 

Castolon area of the park. 



10 

Tho Ghisos Mountains and surroxmdiwg smaller peaks are 

isolated elements of volcanic origin, composed primarily of 

various intrusive and extrusive igneous rocks. This is in 

contrast to surrounding ranges which are predominantly 

limestone. 

The Ghisos Mountains arise near the center of a struc-

tural trough. 'This irregularly shaped grab en averages l|.Q 

miles in width. The floorrs flatness, planed by erosion 

just after the Cretaceous period, is bounded by the Santiago-

Sierra del Carmen Mountains on the east and the Mesa de 

Anguila and the Christmas-Eosillos Mountains 011 the west. 

feathering and water erosion carved the castle-like 

formations of many of the mountain tops, the mesas, and the 

deep canyons. -The mountain slopes are usually steep and 

strewn with boulders and-talus. Igneous rim-rocks are ex-

posed frequently in tho vertical, high cliffs on the lower 

flat-topped mountains, whereas the highest peaks are coni-

cal in shape forming a complex system of ridges. Numerous 

gorges and gaps have been cut into the rock masses. 

Below the mountain peaks and slopes lies the plain of 

the Cretaceous trough, characterized by a variety of topo-

graphic features. Erosive action has resulted in a maze of 

gullies, rock outcrops, buttes, small mesas, long linear 

ridges, cuestas, and hogbacks, forming a badlands on the 

plain. Rocks are clay and shale with alternating layers of 

sandstone. Drainage from the mountains descends to the 



11 

lowlands by a system of canyons, loading ultimately to the 

Rio Grande by way of several na jor, intermittently flowing 

creeks. 

Soils 

Garter (1928, 193-1) and Denyes {1956) discussed the 

physical and chemical characteristics of the Big Bend soils. 

The soil and vegetational relationships were reported by 

Carter* and Gory (1932). The soils are generally coarse as 

is typical of desert and serai-desert areas. A major portion 

of the surface sediments is a gravelly outwash composed of 

igneous and calcareous detritus. At higher elevations on 

the mountain slopest rocks and boulders are more abundant, 

and the soil is increasingly coarse and varied. Generally, 

soils in the mountains are very shallow, open, and well 

drained, with the drier slopes supporting semi-desert and 

desert vegetations. Pockets of forest humus have developed 

locally in the high Chisos and the lower forested canyons. 

Denyes '(1956) divided the soils into two groups—Highland 

and Lowland. The highland soils are characterized by their 

shallowness and a basic or acid reaction. The Rio Grande 

floodplain and some of the larger creeks have deep deposits 

of sand. 

The soil types of the park (Denyes, 1956) include the 

Gila, Rio Grande, Reagan, Reeves, Ector> and Brewster series. 

Floodplain soils and adjacent s.reas of the Rio Grande and 

its major tributaries are' of the Gila and Rio Grande series. 
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These soils are friable, doep, fine, sandy loams, subject bo 

frequent flooding. 

The gravelly loam soils of the basins belong to the 

Reeves series. This soil type contains little humus and dom-

inates on the desert plain. 

The gravelly loam of the Reagan series occupies an alti-

tudinal range of 3,500 to k,500 feet on the lower grassy 

slopes of the foothills. Here there is an underlayer of cali-

che with a six to ten inch layer of surface soil. 

Ector series soils are found at the same elevations as 

the Reagan series. Those are sandy loams with a Silt and clay 

mixture. . 

The soils of the Brewster series are located in the 

highest mountains. Although sparse, these soils usually have 

a high humus content due to the leaf litter. In many places 

this fine, sandy loam is found only in crevices and 

depressions. 

Big Bend National Park has been subjected to severe 

overgrazing since the late l800's. As a result, sheet erosion 

has removed much of the original topsoil from the area. The 

soil has been undergoing a rebuilding since 19l|5> '<*hen live-

stock grazing ceased. 

Climate 

The climate of the park varies from arid to semi-arid, . 

and the differences are a result of elevation. Thornthwaite 

'{19l|.8) classified the climate of Big Bend national Park as 
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E B'd. This is an arid, me so the I'm 1 climate, deficient in 

pi'5soipitation throughout the year. Sunlight abundance is 

evident in the average yearly temperature, which* is 60° P, 

o o 

with a range of -8 to 118 F. The temperature must fre-

quently exceed 120° F at the low elevations south of the 

Chisos Mountains during the summer, but no data are avail-

able for this area. Days are longest and the intensity of 

the sunlight greatest in June and July. Diurnal .fluctuation 

is great. Daily variations in air temperature of more than 

30° F, as well as soil-temperature variations of 70° F, are 

often recorded on the desert (Degenhardt, 1966). Tempera-

tures in the higher mountain areas (Fig. 2) are about five 

ft 100 
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Fig. 2--Monthly temperatures and precipitation for the 
Basin, 5/300 ft. (Compiled from records 19if7™1966. Big Bend 
National Park). 
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degrees less than those on the mountain slopes (Panther 

Junction), while the temperatures along the Rio Grande aver- . 

age five to ten degrees higher than those recorded at 

Panther Junction. 

Precipitation is erratic throughout the park. The lower 

elevations surrounding the Ghisos Mountains receive a total 

annual rainfall of less than 10 inches, the mountain slopes 

(Panther Junction) at an elevation of 3,700 feet average 12 

inches (Fig. 3), the Basin at 5,100 feet 16 inches, and the 

higher elevations above 7*500 feet probably receive 20 to 25 

inches a year. Rainfall may occur throughout the year be-

cause of sporadic storms during frontal passages. Most of the 

Temperature 
o0 

M A H J J A 
Months 

?ig. 3—Monthly temperatures and precipitation for Panther 
Junction, 3»700 ft. (Compiled from records 19l{.7~1966. Big Bend 
National Park). 
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rainfall is msas-urod during late suncier and early fall. Pre-

cipitation other than rainfall occurs as snow in the higher • 

Chisos Mountains. 

Blair (19l|2) assigned the Big Bend of Texas to the sub-

tropical belt of high pressure which produces xeric climates 

around the entire world. The center of high pressure over 

the Great Basin produces moisture-deficient winds from the 

north and northwest in the winter. A low pressure area in 

Arizona causes an influx of easterly winds from the Gulf of 

Mexico in the summer, but the winds lose most of their mois-

ture due to passage over a vast expanse of warmer earth. 

However, enough moisture remains, and the upward movement of 

the air mass as it reaches the Chisos Mountains causes con-

densation and precipitation in the summer (Muller, 1937)» 

During this period approximately three-fourths of the annual 

rainfall occurs. 

The Chihuahuan Desert 

The Chihuahuan Desert is separated from the Great Basin, 

Mohave, and Sonoran Deserts by the high plains in south-

western Hew Mexico, and the Sierra I'adre Occidental in . 

western Chihuahua. The Chihuahuan Desert is the second lar-

gest desert in Horth America. It includes part of eastern 

Hew Mexico and western Texas adjacent to the Rio Grande, the 

lower valley of the Pecos River, the eastern half of Chihuahua, 

the western half of Coahuila, and parts of Durango, Zacatecas, 
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Ifuevo Leon, and San Luis Potosi (Fig. If.). In Texas an ares, 

of some 3.9,000,000 acres is included within the Chihuahuan 

Desert. 

This desert is characterized by a mountain-basin topog-

raphy . The elevation varies from a low of 1,800 feet along 

the Rio Grande in Big Bend national Park to over 8,000 feet 

in the Davis Mountains of Texas. Nearly half of the Chi-

huahuan Desert is over )f.,000 feet in elevation. Hard 

gravelly surfaces cover the majority of the desert. Lime-

stone is more abundant than in the other North American 

deserts,with limestone soils occupying the greatest total 

area. There are large expanses of igneous soils xfith some 

localized deposits of aeolian and alluvial sandy soils. 

Closed basins of several square miles in area are covered by 

extensive alkaline flats in Chihuahua and Durango. 

Low rainfall and humidity, high evaporations, and a 

marked diurnal temperature variation characterize the cli-

mate of the Chihuahuan Desert. The average annual 

precipitation is usually 10 inches or less. In the undrained 

basins of Coahuila the average is three inches. It is only 

on the mountains and slopes that rainfall exceeds 12 inches, 

as some mountain peaks probably receive between 20 and 2$ 

inches annually. Summer rainfall is common, with 65 per cent 

to'80 per cent of the total annual rainfall being received 

between June and September (Shreve, 19i}-2). Because there is 

usually little cloud cover, temperatures rise rapidly during 
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the day, but radiation cooling at night may result in a di-

urnal temperature range of 5'0 degrees or more. Summer 

temperatures in excess of 100° F are not uncommon. At de-

sert levels moderate frosts occur in the winter, with more 

severe temperatures and light snows above %,$0Q feet. 

Elevation, topography, soil, climate, and other various 

factors affect plant distribution and cause a variety of 

floristic associations. Creosotebtish {Larrea divaricata), 

tar bush (PIourensia cornua), sotol (DasylIrion leiophyllum), 

lechuguilla (Agave lecheguilla), and ocotillo (Fouquleria 

splendens), are indicative of the desert plains. The higher 

elevations are characterized by an assortment of pines, oaks, 

junipers, and a variety of grasses.. 

Vegetation 

The geological processes forming the mountains, the 

weathering and erosion reducing both the highlands and the 

lower slope's, the regional climate, and the local rainfall 

have all had a direct effect upon the kind and distribution 

of vegetation. Plant associations are usually found as ir-

regular belts that are dependent on the altitude, rainfall, 

and local air currents. Forests are present on these moun-

tain tops where moisture is available, but others, with 

unfavorable environment, are barren. Vegetation is poorly 

developed on the eroded lowlands, where temperatures are more 

severe and rainfall is minimal. 
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Big Bend National Park 15.es within the Chihuahuan Biotic 

Province (Dice, 19J-I-3? Blair, 1950). This province coincides 

to some extent with the Chihuahuan Desert and the physical 

and climatic features resemble those previously described for 

the Chihuahuan Desert. The park area was assigned to the 

Creosote Bush (Southern Desert Shrub) region of the United 

States by Shants and Son (192I4.). Sharp (1928) described the 

Sotol-Lechuguilla and Mountains regions of Texas to encompass 

the park area, Davis and Robertson (19lslj.) recognized the 

Chihuahuan biotic province, but the usage of the term 

"Province" in their publication conformed to a greater extent 

to the life belts concept of Dice (19i|3)« York (19I4.9) desig-

nated the park area to the Rio Grande Basin district and 

Denyes (1956) defined the Chisos biotic district of southern 

Brewster County. The last researcher to define a large vege-

tational unit was Kilstead (1961), describing the Big Bend 

biotic district. The Chisos biotic district of Denyes and 

the Big Bend biotic district of Kilstead are quite similar. 

The district is distinguished, primarily, by an abundance of 

creosotebush associated with tarbush, mesquite, ocotillo, 

prickly pear, sotol, and lechuguilla. Lower Sonoran,' Upper 

Sonoran, and Transition life zones are represented by the 

flora of Big Bend national Park. 

The vegetation in Big Bend Park has been extensively 

studied. The first studies were inventories of.the flora, 

but more recent investigations have emphasized ecology. 
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Many of these floristic studies were combined with infor-

mation on the fauna. The majority of the early studies were 

centered on the Big Bend region and not on the park itself. 

Bailey (1905) reported the first basic information on the 

flora and fauna. Bray (1901, 1905, 1906) extensively de-

scribed the desert vegetation of Trans-Pecos Texas. Palmer 

studied the vegetation of the Chisos Mountains (1928) and 

the Davis Mountains (1929). Carter and Gory (193.2) inves-

tigated the soil-vegetation relationship. The flora of the 

Alpine area was reported by Cottle (1931, 1932). Muller 

(1937) described the vegetation of the Chisos Mountains. A 

checklist of the plants in Brewster County was published by 

Sperry and V/arnock (194-1) • Hinckley worked in the Davis 

Mountains (194-4) and in the Sierra Vie ja (1947) • The vege-

tation of the Glass Mountains was disclosed by Warnock 

(19l|.6). A serai technical guide to the plants of Big Bend 

Park based on Sperry's earlier works (1938* 194-1) w a s pub-

lished by KcDougall and Sperry (1951). Anthony (1954# 1956) 

investigated the Opuntiae in the Big Bend. The affinity of 

the Big Bend flora to that of the Chihuahuan Desert in 

northern Mexico was examined by Shreve (1939# 1942), 

Le Susur (1945), and Muller (194-7). Denyes (1956) detailed 

the life belts of Big Bend National Park and their associ-

ations, A recent study by Warnock and Kittams (1970) 

defined the plant formations and their associated comnr.mi-

ties in Big B'end National Park. 
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The cOBTifiun.ity structure of the plants in the park has 

been analysed in six reports. Bore 11 and Bryant (191+2) de-

scribed four distinct associations—River Bottom, Desert 

Flat, Lower Foothill, and Chisos Mountains Proper. Their 

analysis of the vegetation was general. 

Taylor at al. (19lfi+) defined five plant communities 

(biomes}. These were the River Ploodplain, Desert Shrub, 

Sotol G-rass, Woodland, and Forest biomes. Theirs was a gen-

eral ecological survey, but was much more comprehensive than 

the study of Bore 11 and Bryant (19̂ -2). 

Four general plant communities were outlined by 

KcDougall and Sperry (1951)• The Desert Shrub was considered 

the most extensive type of vegetation in the park, and char-

acterized by the creosotebush. The characteristic plants of 

the desert grassland community were chino grass and sotol, 

occupying the lower slopes of the Chisos Mountains. The mid-

dle and upper slopes of the Chisos were locations of the 

p inyon-juniper-oak woodland. The mesophytic species of the 

high mountains were placed in the ponderosa pine-Douglas fir-

Arizona cypress forest. Denyes (1956) used natural 

terrestrial communities to depict three life belts. The 

listed life belts were the Desert Plains, Foothills, and the 

Sncinal, with each being divided into a number of associations * 

The Desert Plains life belt was characterized by typical 

Chihuahuan Desert species (Denyes, 1956; Shreve, 19J4.2). The 

Desert Plain "extended from the Rio Grande River floodplain to 
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approximately 3*500 feet elevation. Scattered lush growth 

was supported by alluvial deposits along the river. 

The Foothills life "belt associations were found on the 

mountain ranges and low hills from elevations of 3^500 to 

[}.,5'00 feet. In this area there was a floristio intergrading 

of desert forms and grassland species, The conditions for 

grass on the slopes were superior to the desert plains. 

The steep slopes, basins, and canyons of the upper 

Chisos at elevations between br,5QQ bo 7*835 feet were char-

acterized by tree growth ana grassy meadows. This mesophytic 

environment was included in the Sncinal life belt. 

C-ehlbach (1966) discussed the floristic aspects of th© 

Chihuahuan Desert and Chisos Mountains. The vegetation in a 

broad belt from the Grapevine Hills up Green Gulch to the 

Chisos Mountains and its related canyons was described. 

Therophytes were common on the desert plain and phanerophytes 

increased in numbers on the slopes and higher Chisos. He 

believed the desert grassland was dominant until the arrival 

of the white man. The park was divided into seven vegeta-

tional formations, but the continum of the vegetation, 

because of the uniqueness of the species, did not exhibit a 

clear replacement of one species by another. There were 

distinctly different areas of abundance and different distri-

butions . The dominant species were shrubby leaf-succulent 

or semi-succulent species. The seven formations wore the 
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D e s e r t Shrub, Chihuahuan Desert, D e s e r t G r a s s l a n d * Mountain 

G r a s s l a n d , E v e r g r e e n Woodland, Deciduous Woodland, and tr ie 

Coniferous Forest. 

In 1955 field "botanists from Texas A&M University es-

tablished more than 100 plots in the park. Research was 

conducted by Barton H. Warnock, and results of the vegeta-

tional analysis since 1955 have resulted in a new vegetational 

map (Pig. 5) of Big Bend National Park (Warnock and Kittams, 

1970). Three plant formations (Desert Shrub, Grassland, and 

Woodland) were defined. The Desert Shrub formation contained 

three communities-—Hesquite-G-iantroed, Oreosotebush, and 

Creosotebush-Tarbush. Tlie Ghino grama--Lechugui 11a, 

Chinograma-Blackgrama-Skeletonleaf goldeneye, Ghinograma-

Candelilla, Hechita-Chinogr&ma-Sotol, Grama-Sotol, and Giant 

Dagger-Sotol communities composed the Grassland formation. 

The Woodland formation contained serai-arid to me sophytic 

plant coimtLunities (Mexican Pinyon-Oak-Juniper and Pondorosa 

Pine-Douglas Fir). This is the most accurate vegetational 

analysis of the park. The mammalian-floristic relationships 

will be defined using this model. 

A number of fauna1 studies also mentioned the vegetation 

of the area studied. These are Blair (19i|-0), Borell and 

Bryant (19l{-2), Tinkham (19i{.8), Blair and Miller (19i|9), 

Jameson and Flury ( 1 9 ^ 9 ) , Phillips and Thornton (19i{-9), 

Thompson (1953), Ta ros i t t (195^-b M l s t e a d (1953), Baker ( 1 9 5 6 ) , 
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Axtall (1959), Donyes (1956), Kinton (1958)* Milstead (1961), 

and Degenhardt (1966). 

As was previously noted, the Big Bend area has undergone 

a series of changes through geologic history. Vegetationally 

a Pleistocene influence can be recognised in the park. In 

the Pleistocene, or "glacial" epoch, the cooling orend wn.ich 

had "begun in the Oligocene epoch led to the lorraation and 

3low spread of lowland ice sheets in higher latitudes toward 

lower latitudes (Dorf, I960). As the ice sheets spread 

southward from central Canada, a glacially mciuced clii.iatic 

change occurred in the United States. There is evidence of 

subarctic plants and annuals far uo "che south xn IT or th 

America, Occurrences of northern spruce and fir are i ound in. 

the lowlands of northern and central Florida, south-central 

Texas, northern Oklahoma, and southern Kansas (Deevey, 1949; 

Davis, 19l{.6; Potzger and Tharp, 19l|7). ^he evidence confirms 

that the northern forest belts migrated over extensive dis-

tances during glaciation. Since these forest celts are 

climatically influenced, it is evident that the climate in 

the southwest was much cooler than at present. Dorf (I960), 

in his generalised map of the clima'cic zones during the 

glacial stages of the Pleistocene, showed a subarctic climate 

as far south as the vicinity of El Paso. On his map, Big 

Bend was influenced by a cool temperate climate. Today the 

subarctic climate extends south in the high Rocky Mountains 

as far as northern Hew Mexico, but is centered in Canada. _ 
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The cool temperate climate ia located in areas adjacent to 

the United States and Canadian boundary. 

Harris (1970) reported the following subarctic, climat-

ically influenced mammals from Pleistocene deposits of 

northern Hew Mexico: Harmota flaviventris, Heotoma cinerea 

Lepus townsendll, Mlcrotus longicaudus, Spermophilus richard-

soni, and Sylvilagus nuttalii. Pindley (1965) found Sorex 

nanus in Pleistocene cave deposits in southern New Mexico. 

Patton (1963) reported fossil remains of Synaptomys cooperi 

in Llano, Burnet, Kendall and Dallas Counties, Texas; Dalquest, 

Roth, and Judd (1969) in a study of the mammal fauna of 

Schulze Gave in Edwards County, Texas, found Synaptomys 

cooperi with Sorex cinereus, Microtus pennaylvanicus, Zapus 

princeps, Lepus townsendii, and Mu.stela ermine a. Cushing 

(19^5) reported Synaptomys cooperi from Pleistocene deposits 

in San Josecito Cave, Muevo Leon, Mexico. Hamilton (1937) 

stated that Synaotomys coooeri was definitely of "boreal af -

finity. It is apparent from scattered fossil localities 

that the range of the southern bog lemming in the late 

Pleistocene (Wisconsin glacial period) extended from near the 

ice sheet south into northern Mexico. 

F0s3.il evidence tends to support the generalized Pleis-

tocene climatic conditions proposed by Dorf (I960). Dalquest 

et al. (1969) postulated that in'the late Pleistocene the 

High Plains of Texas and the region extending to the base of 

the Rocky Mountains was similar to a modern alpine raeadow. 
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The climate was cool, but there were no long period**. af s'un-

freezing weather. Findley (1965) suggested, that a relatively 

mesic forest was present in southern Hew. Mexico which probably 

extended south into the Trans-Pecos of Texas. This forest 

was possibly similar to a lower Canadian life zone habitat. 

Many of the Pleistocene specimens collected by Karris (1970), 

Pinley (.1965) * and Dalquest et al. (1969), are occupants of 

the Transition and Canadian life zones now located several 

hundred miles north of Big Bend national Park. 

Wells (1966), in a vegetational study of the Pleistocene 

composition of lleotoma middens, theorized that the meaophytic, 

montane forests of the southwest became discontinuous in the 

Tertiary. It is quite likely that many rues op hy tic, montane, 

coniferous species have never had a continuous distribution 

across the intervening lowlands. Douglas fir (Pseudotsuga) 

occurs in the Sierra del Carmen, Guadalupe, and Chisos Moun-

tains . Pinus ponderosa occurs in the Chisos Mountains, but 

more massive stands are located in the Davis Mountains. 

Pinus flexilis, Q„uercus hypoleucoides, Styrax youngae, and 

Viburnum affine occur in the Davis and Sierra del Carmen 

Mountains, but not in the smaller Chisos Mountains. 

Preserved plant materials with radiocarbon ages ranging 

from 11,500 to more than 20,000 years BP, were found in rock 

sheltered wood rat deposits at desert elevations in Big Bend 

National Park (V/ells, 1966). The data indicated that an 

open, xerophxlous woodland of pinyon pine, liveoaks, and 
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junipers were present during the Wisconsin pluvial (Wells, 

1970)• Hieae woodlands today are disjunct stands on the 

higher mountains of the Chihuahuan Desert. During the plu- • 

vial associated with Wisconsin glaciation, there was an 

absence of the desert climate, but the climate did not allow 

the strictly montane forest zone of more mesophytic conifers 

and broad-leaf deciduous trees to expand much beyond the 

narrow confines of the Chisos Mountains' central mass. In 

middens at 1200 meters mesophytic, montane species were ab-

sent, but middens located at 880 meters in existing desert 

vegetation indicated a xerophilous woodland 800 meters below 

present woodland vegetation. 

In pluvial times, the desert flora of the Chihuahuan 

region may have coexisted with the woodland flora in much 

the same manner as characteristic desert species presently 

extend to remarkably high elevations within the woodland 

zone. Direct fossil evidence in the Pleistocene Meotoma 

middens indicated piny on pine (Pinus cerabroides), juniper 

(Juniperus pinchotii), algerita (Berberis_ trifoliolata) 

shrubby live-oak (Quercus pungens and Q.. grisea), prickly 

pear (Opuntia macrocentra), and the more xerophytic lechu-

guilla (Agave lechegullla), acacia (Acacia roemeriana), and 

aotol (Dasylirlon leiophyllum) composed the same midden. 

Twenty thousand years ago, a mesophytic forest occurred 

in the Chisos Mountains and the desert plain of today was 

covered by a xerophytic woodlands that merged with the forest 
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on the lower mountain slopes. An invasion of desert species 

began 8,000 to 10,000 years ago ('velln, 1970)» correlating 

with the prolonged drought that occurred with the recession 

of the ice sheet of the last glacial period (Casey, 1969). 

Desert species replaced woodland species. It is estimated 

that the environment of today has changed very little over -

the last 2,000 to 3#000 years. 

Except for the large herds of stolen livestock that 

raiding Indians had driven across the Big Bend country, few 

if any domesticated livestock had ever grazed there. The 

valloys and hills of the area were unaffected by the in-

creased erosion which has always followed the advent of 

ranching (Casey, 1969)• 

In 1-375 Presidio County, Texas, was officially organized 

by the state legislature. Surveyors, sent into the area by 

railroad companies and private individuals, provided the 

first modern vegetational descriptions of the Big Bend area. 

They reported thousands of acres of virgin grasslands. The 

grass was excellent and the land well watered by streams and 

running springs. With this knowledge, ranchers were attracted 

to this last area of open range. 

Captain James 3. G-illett was the manager of one of the 

first ranches established in Big Bend national Park. He 
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stated the follcrwlng: 

It may be interesting to know at the time this ranch 
was established in 1885, the Terlingua was a bold 
running stream, studded with, cottonwood timber and 
alive with beaver. At the mouth of Rough Run there 
was a grove of trees, under the shade of which i 
have seen at least one thousand head of cattle. 
Today (1933) there is probably not one tree standing 
on the Terlingua that was there in 1885 (Casey, 1969). 

By 1900 the virgin grasslands were near the upper limits 

of their carrying capacity. Overstocking resulted in rapid 

exhaustion of every square mile of the lower rangeland. The 

most palatable grasses were destroyed by grazing and trampling. 

Kesquite, weeds, cactus, and brush that had been kept in check 

by periodic fires in the past invaded and crowded out the 

grasses. 

Both overgrazing and drought were responsible for dynam-

ic changes between 1900 and 1920 in the park area. Por 

example, prior to this time flats were covered by tobosa 

grass in the Tornillo Greek area. The growth was so bounti-

ful that the early settlers cut it for hay (Maxwell, 1968). 

By 1915 overgrazing and drought had reduced the grass to 

only a few scattered clumps. Today this area is a badland 

with severe erosion and very little grass. 

As the grass in the lowlands disappeared, the ranchers 

began to search for a new source. A new era of ranching in 

the Chisos began about 1920 and extended to 19I4J4., with virgin 

meadows at higher elevations being tapped for the first time. 

The favorable combinations of high elevations, mild climate, 
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limited rainfall at the proper time, and a large variety of 

grasses made this a favorite ranching area. 



CHAPTER III 

RESULTS 

Vegetationai Development 

Livestock removal from Big Bend National Park initiated 

recovery of the native flora. This recovery has progressed 

further at higher elevations, but at lower elevations is in 

initial stages. Mountain grasslands have regained ranch of 

their former distribution and abundance, extending down the 

canyons and ravines and expanding gradually onto the slopes. 

The major area of succession today is centered in the foot-

hills of the Ghisos Mountains. 

Highways are an important factor influencing lower ele-

vational recovery. Along the construction routes, existing 

desert vegetation has been destroyed, thereby enabling 

grassland invasion. Precipitation collects on the highway 

surfaces and drains to its margins. As a result, there is -

an increase in the available moisture. In conjunction with 

habitat alteration and increased moisture, narrow corridors 

of grassland into the desert have been produced. This is 

exemplified in Tornillo Flat where strips of grass parallel 

the highway margin. Along each drainage system, especially 

Tornillo Creek, the grassland has increased in areal cover-

age and is slowly invading the, Desert Shrub community. The 

10 
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continuation of the invasion into the surroundingdesert 

will depend upon annual precipitation. 

Vegetational analysis of the grassland community con-

ducted by V/arnock (1969) emphasised the dynamics of this 

community. Two trends are evident in the vegetational 

analysis, and are summarized in Table I. 

TABLE I 

VEGETATIOIIAL PLOT COMPOSITIONS 'IN THE 
GRASSLAND COMMUNITY* 

• Plot Altitude Dominant Grasses 
Per Cent 
Ground 
Cover 

Lost Mine Peak 5500 Kuhlenbergia eriersleyi 
Kuhlenbergia setifolia 50.0 

Pulliam Canyon 5300 Aristida glauca 
IMilfnbergii. esxer s leyi 36.5 

Gulf Station 3700 Bouteloua eriopoda 
Boute rouE trificLa 30.9 

Lone Kountain 3500 Bouteloua brevisota 
Bouteloua" trif ida " 36.7 

Lone Mountain Pass 3380 Bouteloua 'ore vis eta 
Aristida pansa 
Tridens oubchellus 29. k 

Hannold Grave 3200 Bouteloua breviseta 26.7 

Old Boquillas Road 3200 Bouteloua breviseta 23.2 

Dugout wells 2990 Bouteloua breviseta 16.0 

-"-Compiled from Warnock, 1969. 
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One trend demonstrates the altitudinal variation in 

ground cover. These figures were calculated by averaging 

the plant composition of five different transects. The 

highest value (50.0) at the Lost Mine Peak plot, and lowest 

value (16.0) at the Dugout Wells plot, were obtained on 

control plots located in the IJ00aland and Desert Shrub for-

mations, respectively. The highest grassland community 

value was 36 • 7 at the Lone Mountain plot at an elevation of 

3,500 feet. Ground cover was composed primarily of grass. 

The Lone Mountain plot was located near the altitudinal cen-

ter of the Grassland formation. The Fulliam Canyon plot at 

an elevation of 5*300 ft. was located in the Woodland-

Grassland ecotone, and the total ground cover percentage, 

36.5» included some trees. Warnock recorded the lowest per 

cent coverage value, 23.2 at the Old Boquillas Road plot in 

the Grassland-Desert Shrub ecotone. 

There was a decrease in the number of grass species cor-

responding to a decrease in elevation. The dominant grasses 

near the grassland upper limit had long stems (1.5 to 2.5 ft.) 

and were dispersed. In contrast, grass species of the 

Grassland-Desert ecotone were short-stemmed, bunch grasses. 

Higher grassland altitudes were dominated by Kuhlen-

bergia emersleyi, with Bouteloua brevlseta dominating the 

xeric environment of the lower ecotone. Grama grass 

(Bouteloua) was the dominant species of the grassland, but 
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over story cover, and annual precipitation. Bontelotia 

br-sviseta. dominated the xeric environments, and Stipa ten-

uis sima and Bouteloua gracilis were abundant in the mesic 

woodland. 

In 19lj-8 the Soil Conservation Service established ran-

dom plots in the Woodland, Grassland, and Desert Shrub 

communities to study therophytes (Warnock, 1969). The per 

cent ground cover for grasses, cacti, and forbs was recorded 

for four 10 ft. transects on each study area. The data are 

summarized in Table II. 

TABLE II 

' VEGETATIOHAL DEVELOPMENT OF GRASSES, CACTI, 
AND FORBS ON SERVICE PLOTS* 

Plot 

Panther Pass 

Green Gulch 

Green Gulch 

Green Gulch 

Burnham Ranch 

Tornillo Flat 

Tornillo Plat 

Altitude 

5800 

lf.200 

i>200 

[[.200 

3800 

2800 

2300 

Per Cent Ground Cover 

19i{-8 

0.3^ 

0.13 

if..30 

O.38 

1.39 

1956 

3.81 

0.52 

3.62 

O.63 

3.16 

0.05 

0.20 

1969 

2.60 

1.23 

6.67 

1.51 

5.05 

0.10 

-"-Compiled from Warnock, 1969. 
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The data from 19ij.8 to 1969 Indicate a significant in-

crease of ground cover in all study areas with, the exception 

of Tornillo Plat. The Big Bend area was subjected to severe 

drought during the early 1950f s, which may explain the 

greater increase in ground cover for the 195° to 1969 period 

than the 191+8 to 1956 period. The Burnham Ranch plot exhib-

" \ 

ited the greatest increase of ground cover, J2 per cent in 

the 21 year period. A value of 0.20 was recorded for the 

Tornillo Plat plot in 1956, but no grass, cacti, or forba 

were present in 1969. A comparison of Warnock'a findings 

with the Soil Conservation Service plots indicates maximum 

cover by grassland between 3,500 and )+,500 feet. 

In' 1955# Texas A&M University (Warnock, 1969) estab-

lished random plots throughout the park. For the first time 

the Woodland community was sampled. The plots were surveyed 

in 1955 and 1967, and the data is presented in Table III. 

This vegetational survey yielded the first comprehensive 

analysis of the ecological dynamics of the Big Bend flora. 

•The data revealed that the Woodland and Desert Shrub forma-

tions were near stabilization with regard to dominant 

vegetation and had approximately the same average ground 

cover increase from 1955 to 1967. Seventy-three per cent of 

the woodland plots indicated substantial change in community 

vegetation. In the Woodland formation Warnock noted slight 

changes in tree composition and a significant areal increase 

in ground cover by grasses. Negligible changes appeared in 
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the vegetational analysis of the desert flats. Plots located 

in the desert-mountain foothills exhibited an increase in 

ground cover. The increased cover was attributed to a pro-

liferation of the grass species. 

The grassland slopes of the Ghisos Mountains had the 

greatest increase in average ground cover. All plots indi-

cated a substantial increase in grasses as a ground cover 

component. The average ground cover increase from 1955 to 

1967 for the Grassland formation (]|53.3) "was almost two times 

the increase for the Woodland formation (276,3) and the Desert 

Shrub formation (272.Zj.). A Grassland formation plot located 

at an elevation of 3*800 ft, exhibited the greatest ground 

cover increase from 1955 to 1967 (25.5-1168.6). Not only did 

the grasses increase in areal coverage, but they became the 

dominant plants at elevations between 3,500 and lj.,500 feet. 

Vegetational Influence on 
Rodent Distribution 

The distribution relationship of the rodents to plant • 

formations is based on approximately 16,000 trap nights. 

The species are assigned to the formation in which the major-

ity of the specimens were collected. If a species occurred 

in small numbers in one or two isolated associations in a 

formation, it was not designated as a formation species. 

Only one specimen of Peromyscus eremicus was collected in the 

Woodland formation; therefore, it was not assigned to that 

formation. Peromyscus pectoralis was collected in two areas 
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w i t h i n t h e g r a s s l a n d . F i v e s p e c i a o n s w e r e t a k e n , b u t t h e 

s p e c i e s was n o t a s s i g n e d t o t h e G r a s s l a n d f o r m a t i o n . The 

r o d e n t d i s t r i b u t i o n i n r e l a t i o n t o t h e p l a n t f o r m a t i o n s o f 

B i g B e n d N a t i o n a l P a r k i s g i v e n i n T a b l e I V . 

TABLE I V 

RODENT DISTRIBUTION I N REDIT ION TO PLANT 
FORMATIONS OF B IG BEND NATIONAL PARK 

S n e c i e s 

S p e r m o p h i l n s xaex i canus 
S p e r r a o p h i l u s i p i i o s o m a 
S lSe rmophr ius ' v a r i e g a t u s 
A rtmosp e r m o p t i i l u s i n t e r p r s s 
Thomorays b o t t a ' e 
PappcTgeorays c a s t a n ops 
P e r o g h a t h u s m e r r i a i i i i 
P e r o g n a ' t h u s p e n i c i l l a t u s 
P e r o g n a t h u s " n e l s o n ! 
D l ? a d omys^rae r r i ami" " 
b l ^ ' o d o m y s o r d x i ~ 
Onychorrtys t o r r i d u s 
R s i t h r o d o n t prays"" f u l v e s c e n s 
R e i t h r ~ o ' 5 o n t o r iys i n e g a l o t i s 
P e r o m y s c u s e r e m i c u s T 
Pero r i i yscus x n a n i c u l a t u s 
P e r o m y s c u s l e u c o p u s 
Peromyscus" p e c t o r a l i s 
P e r o m y s c u s b o y l x l 
Pero rayscus d i f f i c l l l s 
S i g m o d b n h i i p i d u s 
Sigraocfon o c h r o g n a t h u s 
f e o^T iS i r ' raxoropus **" 
Neotoma a T b l g u I a 
Seo toma r a o x i c a h a 

D e s e r t 
S h r u b 

X 

X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 

X 

G r a s s l a n d 

X 
X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 

X 

X 
X 

X 

W o o d l a n d 

X 
X 
X 

X 

X 

X 
X 
X 

X 

X 
X 

A q u a n t i t a t i v e s t a t e m e n t o f t h e r e s e m b l a n c e b e t w e e n t h e 
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was proposed by Preston (1962), This statistical method, 

called the "Resemblance liquation", is used to test for a 

break between faunistic homogenity and heterogenity. The 

resemblance of the faunas of two areas is attained by the 

formula yn= 1. In the formula "x" is the fraction of 

the joint rodent fauna found in one plant formation, and "y" 

is the fraction found in the second formation. Both "x" and 

"y" are positive and lie between zero and one. The value of 

"n" represents the resemblance degree between the two faunas. 

Preston's formula can be rewritten as x^+ y* = 1. This 

is a functional formula. In the theoretical formula, Preston 

substituted "n" for 1/z to simplify the "Resemblance 

Equation". The resemblance of two faunas is measured by "z". 

The value of "z" was used to correlate the rodent distri-

bution in the plant formations. In all comparisons between 

rodent faunas in plant formations, the value of "z" was be-

tween zero and one. A value near zero indicates the faunas 

are identical, and a value of one Implies no common species. 

Preston (1962) used a "z" value of 0.27 to designate equili-

brium between the two faunas. An index less than 0.27 

indicated the two areas were samples of soma larger unit 

(perhaps their joint area). A "z" value above 0.27 but below 

one was indicative of some degree of Interaction, but it was 

incomplete. 

The contrasts between rodent species occurring in the 

individual plant formations are noteworthy. Eight species_ 
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occur in both the Grassland and Desert Shrub formations. 

Likewise, eight species occur in both the Grassland and Wood-

land formations. More rodent species (1?) occur'in the 

Grassland formation than in the other two formations. Table 

7 illustrates the affect of plant formations upon rodent dis-

tribution. 

TABLE V 

RODENT DISTRIBUTION IN RBIATION TO 
PLANT FORMATIONS 

vt. 
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"*1+2 
Hence F s 22 

1 + 2 

F 2 1 7 G = 8 
2 + 3 

F s 2 0 

' 2 + 3 

1 1 G s i 
1+3 

F = 2 3 

1 + 3 " 

-"-F-̂ -Desert Shrub, F^-Grassland, F^-V/oodland 

The mathematical solution of the "Resemblance Equation" is 

solved easily by matri;c analysis. In Table VI the data, of 

Table V is presented in matrix form. 
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M L B VI 

THE DATA OF TABLE V REPRODUCED IH MATRIX FORM 

No. Plant Formation F 1 2 3 

1 Desert Shrub 13 22 23 

2 Grassland 17 2.0 

3 Woodland 11 

The numbers 1, 2, and 3 refer to plant formations. Dissimi- ' 

lar rodent species occurring in different plant formations 

are represented by the numbers 22, 23, and 20. The matrix is 

read by a horizontal-vertical junction method. For example, 

there is a total of 2lj. species in the Desert Shrub and Wood-

land formations (Column F). Twenty-three of these are not 

shared (Column 3). Therefore, only one species is common to 

these two formations. 

Each combination of the faunas produces two values with 

the larger being treated as ux" and the smaller as "y"• Mi© 

"x,! and "y" values are obtained by *1 and A2 lt-rr.ll F-, F, The ll-v-SI 
P. 1+2 H-2 

and "y" value for each plant formation rodent species com-

parison is given in Table VII. Once again, 1, 2, and 3 refer 

to the Desert Shrub, Grassland, and Woodland formations, 

respectively. 
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TABLE VII 

SECOND. VATR1X, CONTINUING THE ANALYSIS OF RODENT 
DISTRIBUTION IN BIG BEND NATIONAL PARK 

No. 1 

1 

2 0.7? 

3 0.56 
Values 

2 3 

Values of y 
0.59 

0.85 

O.48 

0.55 

The final analysis of vegetational influence upon the 

distribution of rodents in Big Bend National Park is pre-

sented in Table VIII. In this matrix the dissimilarity (z) 

of the various pairs, computed from the "x" and !ty" values 

of the previous matrix, are listed above the sloping line. 

The values of "z" are obtained by applying the "x" and "y" 

values to Table XVII in Preston's publication (1962). 

TABLE VIII 

THIRD MATRIX,ANALYZING THE BIG BEND NATIONAL 
PARK DISTRIBUTION OF RODENTS 

Ho. Plant Formation 1 2 3 

Values of z 

1 Desert Shrub " " ^ • ^ 0 . 5 5 • 0.94 

2 Grassland 0.45 °'£1 

3 Woodland 0.06 0.49 

• 

Values of Q-z) 
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Comparison of -the Grassland to tho Desert Shrub and 

Woodland communities yields similar value a, 0,55 and Q,$l, 

respectively. The Grassland, in an intermediate position 

geographically, is influenced by species from each of the 

contiguous formations but does not approach equilibrium with 

either and can be considered partly isolated from both. • The 

Grassland is bounded at lower elevations by the Desert Shrub 

formation and at higher elevations by the Woodland formation. 

The contrast in floral and fauna1 composition of the three 

plant formations precludes equilibrium of rodent species. 

Some species are adapted to one formation, but not the others 

(Table VI). 

The Desert Shrub formation and Woodland formation, have 

only one species in common (Ammospermoph._ilu.s_ interprets). The 

contrast between the two formations is evident in a dissimi-

larity value of 0.91-!-. The dissimilarity approaches one and 

indicates not only species1 adaptation to a plant formation, 

but also geographic isolation of the plant formations. Het-

srcmyid rodents are more characteristic of the Desert Shrub 

formation (four species) than of the Woodland (one species), 

Cricetid rodents are more typical of the Woodland (seven 

species compared to six). 

The major difference in cricetid faunas between these 

two formations is abundance of individuals rather than num-

ber of species. Three of the six desert species are 

considered rare. Only one specimen of Onychomys torridus 



has been collected in the park. Twenty-two specimens of Per-

omyscus Iguc opus and 16 specimens of Peromys ens maniculattis 

have been taken. Sigmodon hispldus and ITeotoma mlcropus were-

slightly more numerous with Peromyscus eremicus the most 

abundant (73 specimens). A total of 110 specimens of the six 

cricetid species was collected in the Desert Shrub formation. 

In contrast, I4.6J4. specimens of seven cricetid species were 

taken in the Woodland formation (8 Reithrodontomys merralotia 

173 Peromyscus pectoralls, 9-b- Peromyscus boylii, 11 Peromyscus 

difficills, 6ij. Sigmodon ochro,?nathus, 106 ITeotoma albigula, 

and 8 ITeotoma mexicana). 

Rodent Distribution in Relation 
to Sdaphic Factors 

Soil characteristics such as composition, size of rocks, 

and slope at each collection site were recorded. Soil 

composition and size of the associated rocks were the most 

important factors influencing the rodents' distributions. 

Sand, sand and gravel, clay and sand, rubble with a clay-loam 

mixture, large mixed rocks with loam, and rockpiles, were 

categories used in the analysis. Slope wa3 not a major fac-

tor at lower elevations, but was important at higher elevations, 

Desert areas have four major soil types. These are sand, 

sand with gravel, sand with clay, and rubble with clay and 

loam. Desert Shrub and Grassland plant formations occur on 

these soils. The V/oodland formation has developed on shallow 

loam soil with a mixture of different sized rocks. There is 
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a d e f i n i t e i n t e r a c t i o n between s o i l typo and v e g e t a t i o n a l 

d i s t r i b u t i o n . Table IX i l l u s t r a t e s i t s i n f l u e n c e on rodent 

d i s t r i b u t i o n . 

TABLE IX 

SOIL INFLUENCE OK RODENT DISTRIBUTION AND NUMBER 

Species 

Sperraophilus 
Spemophl lus 
Sts erraoohTlus 

mexicanua 
soilosorna 

_ va r l ega tus 
Arrabsp eriaophi"lu§~i n t ern'ros 
Thomomya bo t t ae 

castanops 
k e r r i a r d 
n e l s o n i " 
peni c i 1 l a t u s 

.fappogeomys 
Per'ogna^Eus 
Perogna thus" 
Ferognathus 
Dxpodoa^a merrlami 
Dlpodoiiys o r d l i " 
Relthrodontopiys fu lvescens 
Reithrodontoiays megalot is 
Peroayscus boy i n 
PeroriTy scus d i f f i c i l i s 
•Paromyscus eremicu3 
Perbmysous* raaniculatua 
P er prays c us' leucopua 
Feronyscus p e c t o r a l i s 
Cnychomys " tor r idus 
Sigmod~on""hlspidus 
Sigiiodon" ochrognathus 
Fieotoma a l b i g u l a 
Neotoriia mexTcana 
ifeotoma iricropus 
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The members of the family Sciurida© occupy diverse soil 

types. Spermophilus raaxlcanus was collected only in the 

sandy soil along the Rio Grande River at- Rio Grande Village, 

Traps located near this area in rocky soils did not yield 

specimens. Sperraophlltis spiloeoma reaches its greatest abun-

dance on the harder clay and calcareous soils with scattered 

rocks and increased slope. 

Soil texture influences the distribution of gophers. 

Pappogeomys castanops is limited to the sandy soil along the 

Rio Grande River floodplain and its major tributaries, such 

as Terlingua and Tornillo Greeks. Thomomys bottae occupies 

the more compact, rocky soils of the mountain slopes. The 

two species are not in contact anywhere, but their ranges 

approach each other near the Rio Grande. 

Perognathus merriami and Perognathus penicillatus occur 

in sandy habitats, but only P. penicillatus attains maximum 

abundance on the sandy, flat washes in the desert. The al-

luvial clay and rubble soil of the Chisos Mountains' 

foothills is preferred by P. merriami. Perognathus nelsoni 

is more saxicolous occurring on shallow soils with 80-90 per 

cent rocks and increased slope. 

Kangaroo rats are predominant on desert soils. Dipo-

dorays ordii is restricted to friable sand. Dipodomys 

merriami is equally abundant on desert sand and more compact 

soils with surface rubble. 
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Six spec5.es of the genus Peromyscus occui» in Big Bend 

National Park, Peromyscus manioulatus and P. leucopus are 

most abundant on the soils with a sand composition. Sandy 

areas and compact soils with rubble are occupied by P. erem-

icu3. Peromyscus boylii, P. pectoralis, and P. difficilis 

prefer habitats with shallow soil and large rocks. Pero-

i;iyacus difficilis is most abundant in rockpiles. 

Slgmodon hispidus and ileotoma micropus are common on 

the friable desert soil. Mountain slopes and meadows with a 

loam soil mixed t̂ ith rocks are the habitats of Neotoma al-

bigula and Sigmodon ochrognathus. Neotoma mexicana inhabits 

roclcpiles on steep slopes. 

Altitudinal Distribution 

In this study rodents were collected between 1,850 and 

7,100 feet. Only one species (Spermophilus variegatus) was 

recorded from each of the elevational intervals. Species 

diversity is greatest between 1,850 and 5,500 feet. Fifty-

nine per cent of the rodents were collected in the 

elevational range of the grassland (2,800-1̂ ,500 ft.). The 

Desert Shrub elevations exhibit a greater diversity (31 per 

cent) of rodents than the Woodland elevations (10 per cent). 

Heteromyid rodents are abundant in the desert elevations, 

while cricetid rodents are more numerous at the Grassland 

and Woodland elevations. 

Within each genus the different species attain their 

greatest abundance at different elevations. Elevational 
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allopatry is evident in the genera Sigmadon ana Neotoma» 

Elevational syrapatry, but not necessarily habitat sympathy, 

is indicated for the other genera. Table X summarizes the 

altitudinal distribution of the rodents in Big Bend Park. 

TABLE X . 

ALTITUDINAL DISTRIBUTION AID NUMBER OF RODENTS 
COLLECTED IN BIG BEND NATIONAL PARK 

Species 

Spormophllus raexicanus 
Sp'ermoph.iIus a&iloFomsi 
Sperm"ophilus variegatus 
Araroosp"eraophilus "interpres 
Thomomys bottae 
P appoge brays c a aft an ops 
Perognathus nerr'iani 
Perognabhus nelson!" 
Perognathus" penicillatus 
Dipodomys" mer r iaiai 
Dipodomyi" ordYf 
Re"i"throdontomya fulvescens 
Relthrodont orqys mega lot is 
Peromyscus* boylii " 
Peromyscus dlfficilis 
Peromysous eremicus 
Per'omyscus Yeucopus" 

rscus manlculatus 
Peromyscus pectoralis 
Onychomys t'orridu3 
S"igra"o*don hispidus 
sTg'modon ochrognathus 
Neotoma albigula 
lie otoma ml cropus 
Neotoma mexi'cana 

Total 

1850 
to 
2850 

6 
8 
2 
2 
3 
18 
8 
15 

lij.1 
72 
16 

20 
21 
11 

38 

31 

393 

2851 
to 
3850 

12 
1 

33 
29 
23. 
i+0 

25 

63 
1 
5 

r * 

1 
1 

1 # 
12 
2 

250 

3851 
to 

lf.850 

1 
Lf. 
7 

5 
28 
11 

3 

13 

7 

15 

7 
5 

106 

1̂ 851 
to 

^S^O 

8 
10 
k 

1 
3k 

1 
3 

1+3 
2 
6 

342 

36 
96 # • 

• «• 

381 

5851 
to 

6850 

2 
1 
1 

5 
22 
5 

18 

28 
5 

89 

6851 
to 
7832 

1 

29 
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Regional Influence on Rodent Distribution • 

The geologic evidence indicates a stabilized climate in 

the park area for the past 20,000 years. This time period 

has permitted integration of rodent faunas of Trans-Pecos 

Texas .and northern Mexico. There are no endemic rodents and 

most species range over wide geographic areas. The rodent 

species of the major mountain groups, Chisos (Bore 1.1 and 

Bryant, 19l|2), Davis (Blair, 19l|0), Guadalupe (Davis, 19l|.0), 

and Sierra del Carmen (Baker, 1956), of the region are com-

pared using the '''Resemblance Equation" (Preston, 1962). The 

species distribution in each of the mountain areas is given 

in Table XI. 

TABLE XI 

OCCURRENCE OP RODENT SPECIES IN MOUNTAINS OF 
TRANS-PECOS TEXAS AND NORTHERN MEXICO 

Species Chisos Davis Guada-
lupe 

Sierra 
del 

Carmen 

Eutamias dorsalis X 
Eutamias canipes X 
Ammbsperraophilus inter-ores X X X 
Spermophilus mexicanus X X 
Spermophilus spilosoma X X X X 
Spermophilus variegatus. X X X X 
"Cynomys lud ov I cianus X X 
Sciuru.s nlger X 
"rhomomys bottae X X X X 
Pappogeomys castanops X X X X 
? er ognatlius merriami X X X X 
Perognathus" flavus X X 
Perognathus hispidus X X 
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TABLE XI--Continued 

. Sierra 
Species Ghisos Davis Guada-

lupe 
del 

Carmen 

Perognathus penicillatus 
Perognathus intermedius 

X X X Perognathus penicillatus 
Perognathus intermedius X X 
Perognathus nelsoni X X X 
Dipod̂ orays ordii X X X 
Dipoclonys merriami X X X X 
pipodbr.iys* spectabilis X X • 
Dipodorays nelsoril X 
R^Ttlirodontomys montanus X 
Re1throdontoinys hegallvbis X X X X 
Re ithrodontomys f ul ve s cens X X X 
Per orny scus ererilicus X X • X 
Peroin'yscus" manTculatus X X x 
Per only sc us Teucopus X X X 
Pei.'omyscus boylix X X X X 
Perorays'cus pectoralis X X X X 
Perorays"cus~ dTfficiITs X X 
Onychomys t orridus X X X 
Stgraodon hisoidus~ X X X 
S;igt!iodbii ochrognathus X X X 
I'eotoma mxcroous X X X 
He otoma albi"gula X X X • X 
lleotoroa mexicana • X X X X 
Mcrotiis mexicanus X 
Erethizon dorsatum X X X X 

Total Number of 
Species ' 26 30 23 25 

The data on rodent species occurring in the mountains 

of Trans-Pecos Texas and northern Mexico are given in 

Table XII. 

The Davis Mountains are located near the geographic cen-

ter of the region and have the greatest species diversity. ' 

In each comparison, the number of cormion species is similar--

likewise, the number of uncoimnon apecies. 
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TABLE XXI 

DATA ON RODENT DISTRIBUTION IN TRA1TS-PECOS 
TEXAS AND NORTHERN MEXICO-

ti * 
*ri COl ctf g, £ 
a o 
P u 

j 
N
u
m
b
e
r

 
j 

1 o
f
 

J!
 

1 
S
p
e
c
i
e
s

 
ij 

Number of Rodent 
Species Common to 
the Two Mountain 

Groups 

Number of Rodent 
Species Uncommon to 
the Two Mountain 

Groups 

F i 
26 C 

" 1-!- 2~ 
= 2k Hence P' ~ 32 

F 2 
30 G 

1+3 
= 17 P ~ 

" i + r 

32 

F 3 
23 C 

w 
= 21 p = 30 

25 c 
2+3 

= 20 p s 

2+3 
33 

G = 20 P - 35 
2+1T 2+i| 

G 
3+1}. 

- 12 P - 36 

-«-P̂ - Chisos Mts.; F^- Davis Mts.; F y Guadalupe Mts.; 

Fĵ - Sierra del Carmen Mts. 

The mathematical solution of the "Resemblance Equation" 

is, solved by matrix analysis. The data of Table XII is pre-

sented in matrix form in Table XIII. 



TABLE XIII 

THE DATA OP TAB IS XII REPRODUCED 
IN MATRIX FORM 
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No. Mountain Group P 1 2 3 k 

1 Chisos 26 N . 32 32 30 

2 Davis 30 33 '35 

3 Guadalupe 23 

k Sierra del Carmen 25 \ 3 6 

Each combination of mountain faunas produces two values 

with the larger being treated as "x" and the smaller "y". 

The numbers 1, 2, 3# and ij. coincide with the Chisos, Davis, 

Guadalupe, and Sierra del Carmen Mountains, respectively, in 

Table XIV. 

TABLE XIV 

SECOND MATRIX, CONTINUING- THE ANALYSIS OF RODENT 
DISTRIBUTION IN TRANS-PECOS TEXAS AND 

. NORTHERN MEXICO REGION 

No. i 2 3 . k 

1 0.81 
Values of j 

o.ik 0.86 

2 0.97 0.7° 0.71 

3 0.81 0.91 0.63 

h 0,86 0.86 0.69 
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Each mountain group Is a separate entity and ia Isolated 

by an intervening area of the Chihuahuan Desert. The theory 

(Wells, 1966} that the Trans-Pecos region of Texas was once 

a continuous woodland helps explain the current rodent dis-

tribution. The resemblance of the rodent distribution in the 

mountain groups is given in Table XV. 

TABLE XV 

THIRD MATRIX, ANALYZING- THE TRANS-PEC OS 
TEXAS AND NORTHERN MEXICO REGION 

No. Mountain Group 1 2 3 k 

Values of z 

1 Chi sos 0.14 0.36 0.22 

2 Davis 0.86 0.28 0.32 

3 Guadalupe 0.61}.' O.72 0.61 

k Sierra del Carmen O.78 0.68 0.!|X)\ k 
Values of (1-z) 

Most of the mountain groups have values of "z" near 

0.27 indicating approximately perfect equilibrium at the 

species level. The pair 1-2 with an index of 0.11̂ ., is, almost 

identical in species composition. The two areas are samples 

of a larger fauna1 unit and perhaps their joint area should 

be-a faunal unit. 

The Sierra del Carmens are geographically nearer the 

Chisos Mountains than the Davis Mountains, but a higher "2" 
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value (0.22) is calculated for the Chisos-Sierra del Carmen 

comparison. The rodent fauna of the Ghisos Mountains is 

more similar to the Davis Mountain fauna- (z- 0. Hj.). The Rio 

Grande may act as a filter barrier which may explain, in 

part, this discrepancy in "zu values. 

The mountain group most dissimilar to the Ghisos is' the 

Guadalupe Mountains. The ,!z" value of 0.36 indicates that, 

although the Guadalupe Mountains are geographically the most 

remote range, species diversity is not significant. Appar-

ently the two faunas are near equilibrium, having 17 species 

in common. 

Hershkovitz (1958) suggested an arrangement for classi-

fying mammalian genera so that their affinities were 

associated with definite zoogeographical regions. His 

groupings were as follows: genera whose geographic range 

include a tropical zoogeographical region of either the 

Western or the Eastern Hemisphere and a Holarctic subregion 

of the other Hemisphere are called cosmopolites; genera 

which are confined to one zoogeographic region (endemic) or 

which may spread to another region (ezcurrent) as regional-

itfes'; and genera of uncertain geographic derivation but 

which live in two contiguous regions as varicants. 

The rodent genera which occur in Big Bend Park were 

arranged so that their affinities were associated with def-

inite zoogeographical regions. Using Hershkovitz »s 
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classification, the 16 native rodent genera- of the Tran3-

Pecos and northern Mexico region are as follows: eight (50 

per cent) are Nearctic regionalite3; one' (6 per cent) is cos-

mopolites; one (6 per cent) is Neotropical regionalites; 

throe (19 per cent) are Nearctic-Palearctic varicants; and 

three (19 per cent) are Nearctic-Neotropical varicants. The 

theory that the Ghihuahuan biotic province is of Mexican af-

finity does not apply to the rodent fauna of the Trans-Pecos 

Texas and northern Mexico region. 

The most important result of matrix analysis of the ro-

dents of Trans-Pecos Texas and northern Mexico is clarification 

of the rodent fauna1 affinity of Big Bend National Park. The 

species composition of the park fauna is not derived from a 

single geographical fauna, but is the result of interaction 

and invasion from different geographical areas. The near 

equilibrium of the four mountain groups supports this as-

sumption. Fauna1 affinities with the Great Plains, 

Southwestern United States, Gulf Coastal Plain, Western 

United States, and Northern Mexico can be distinguished. 

Reproductive Activity 

Reproductive activity was exhibited in one hundred and 

sixty-five of the females examined. The presence of embryos, 

definite placental scars, enlarged uteri, and lactation were 

evidences of breeding. Winter, fall, and early spring are 
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the periods of high reproductive activity, while late spring 

and early summer are low periods (Pig. 6). 

M A J J A 

Months 

Fig. 6—llumber of feraales demonstrating reproductive 
activity for each month of the year. 

The low number of reproductively active females can be 

correlated with a period of environmental stress. The lat-

ter part of April, Hay, and June are the months in which 

food availability is lowest. The food supply increases in 

late fall due to increased moisture from late summer and 

early fall precipitation. Habitat and vegetational deteri-

oration reaches a maximum in the spring, but during the 

study period, May and June precipitation did not occur. The 

first substantial rainfall was not recorded until July. The 
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combination of an inferior habitat, rising temperatures, • and. 

lack of precipitation depressed the reproductive activity. 

The reproductive activity of the different species is simi-

lar in that species at lower elevations breed at 

approxiroa t ely the same tine as the higher elevation species* 

The nine months of reproductive activity are July to 

March. The climate moderates in the latter portion of sum-

mer, with an increase in precipitation and a decrease in the 

average maximum temperature. There is a corresponding re-

newal of vegetation with habitat improvement. Winter 

temperatures are mild and of short duration. The highest 

number of reproductively active females recorded was in 

January, This indicates that the winters in Big Bend Park, 

on the average, are not sufficiently severe to restrict re-

production. Reproductive data of males correlates with 

that for females. 

Two peaks, December to January and March to Kay, are 

evident in the number of juveniles collected. These peaks 

correspond to the late fall and early winter breeding per-

iods of the females. 

Ninety-six females of the families Heteromyidae and 

Cricetidae were pregnant. The litter size ranged from a 

maximum of seven (Per omy sous leucopus) to a minimum of one 

(Dip o do my s merriami, Dip odomya ordli, and Neotoraa albigula). 

The average litter size of high elevation species was 

slightly larger (3.50 to 3.36) than that of desert species 

(Table XVI). 
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LITTER SIZE OF RODENTS 
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Species 

Peroffnathus merriamj 
Perljgna/oSui' nelsoni 
Perogna t htis* pen!c'lTlatus 
Dijaodomys merriamj 
DxpodSrays oFdii 
Reil;liF6donForays megalotis 
Peroiuysctts boylil 

ererafcus 
leuc^pu3 

Peromyscus 
Foromyscys" 

maniculatus Perorayscus 
Peroiaylscus sector-alls 
Si^Sodon hispTdus~ 
Sigmodon "ochrognathus 
xfeotoraa "albxgula" 
Heotoma riexicana" 
Heotoma rELcrorras 

Mean Number 
of 

Embryos 
Range 

3.66 
If.. 00 
3.50 
2.50 
2.75 
3.80 
5.00 
3.10 
7.00 
2.00 
3.33 
3.33 
3.57 
1.81 
2.00 
3.00 

Number of 
Female3 
Examined 

3-5 3 
k 2 

2-5 6 
1-5 18 
1-5 Jj. 
2-lj. 5 
* 0 i 
2-5 10 
* * i 
• • • l 
3-11- 3 
3-k 3 
3-5 7 
1-3 21 
* • 1 
Z-b, ix. 

Species Interaction 

Species collected in the same trap line were assumed 

to have some degree of interaction. The most common inter-

actions are probably caused by food, habitat, and edaphic 

preferences of the rodent populations. Species with a di-

verse ecological distribution interact with a larger number 

of different species. Ten different species are associated 

with Neotoma micropus in the desert and lower grassland 

habitats, but Neotoma raexicana interacts with only three 

species in the upper Woodland formation {Table XVII). 
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Aiiffiiosp e r m o p h i l u s 
interores X X X X X 

Thomomys bottae X 
Pappogeomys castanoos X X X X X 
Perognathus rnerriami X X X X X X 
Perognathus nelsoni X X X X X X X X 
Perognathus 
penicillatus X X X X X X X X 

Dipbdomys rnerriami X X X X X X X 
Dipodomys ordii X X X 
Re i thr odont omys. 
megalotis X X X X 

Peromyscus boylii X X X X X X 
Peromyscus difficilis X X X X 
Peromyscus eremicus X X X X X X X X X 
Peromyscus leucopus X X X X x' 
Peromyscus maniculatus X X X X 
Peromyscus pectoralis X X X X X X X X 
Sigmodon hispidus X X X 
Sigmodon ochrognathus X X X X X 
Neotoma albigula X X X X X X X X X 
Weotoma mexicana X X X 
Neotoma micropus X X X X X X X, X X X : 
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Dipodomya merriami and Dipodomys ordli were collected 

in the same trap line at Tornillo Flat and at the mouth of 

Santa Elena Canyon, At Tornillo Flat individuals of the two 

species were taken in alternating traps. Edaphic preference 

was the factor causing their interaction. 

Perognathus merriami was sympatric with Perognathus 

penicillatus and Perognathus nelsoni, but P. nelsoni and 

P. penicillatus, due to edaphic preference, were .allopatric. 

Perognathus merriami and P. penicillatus occurred together 

at three localities in the Desert Shrub formation. Perog-

nathus nelsoni and P. merriami were sympatric on the rocky 

slopes of the Grassland formation. 

Pinyon Pine-Juniper slopes of the Woodland formation 

were areas of interaction for Peromyscus pectoralis and 

Peromyscus boylii (Table XVIII). The area of sympatry was 

TABLE XVIII 

NUMBER OF SYMPATRY STATIONS FOR 
THE GENUS PEROMYSCUS 

Species 
P. 

difficilis 
1' 

boylii 

p. 
pectoralis 

P. 
leucopus Species 

P. maniculatus • 0 • • • • 1 

P. boylii 3 • • • • • 0 

P.'eremicus 0 * # » 1 • • 

P. pectoralis 3 5 • • • • 
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between 5,500 and 7 #000 feet. Per prays cus pecboralis and 

P. boylii. were collected in association with P. difficilia 

at higher elevations. Peromyscus eremicus occurred with 

P. pectoralis on the grassland slopes of Pine Canyon at an 

elevation of 5#000 feet. The specimen of P. pectoralis was 

the only one collected in a grassland community. The dis-

tributions of P. leucopus and P. maniculatus are sympatric 

along the Rio Grande River, eight miles southwest of Rio 

Grande Village, 

Sigmodon hispidus and Sigmodon ochrognathus are allo-

patric. Their park distribution is in grassland habitats, 

but elevational influence on the grass species ecologically 

separates the species. Sigmodon ochrognathus occurs in Stipa 

meadows, and Stipa grass in the park grows only at altitudes 

above 5,000 feet. Desert grasses, burro (Scleropogon brevi-

folius), tobosa (Hilaria mutica), and chino (Bouteloua 

breviseta), at elevations below 3,000 ft. are inhabited by 

S. hispidus. Populations of S, hispidus' are located only in 

areas of dense ground cover. As the grassland secondary re-

covery continues, the distribution of S. hispidus will 

probably expand. It is possible that 3. hispidus and 

S, ochrognathus may some day be sympatric in Green Gulch, 

Neotoma micropus, Neotoma mexicana, and Neotoma albigula 

are allopatric, Five miles separate the distributions of . 

N, micropus and N, albigula north of Panther Junction. 
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Neotoraa micropus inhabits the upper Desert Shrub f orraation at 

an elevation of 3#700 feet, Neotoma raexicana is restricted to 

rockpiles and talus near the suramit of Emory Peak (7#000 ft.), 

and H. albigula inhabits the surrounding forested slopes. 

The ranges of N. albigula and N. mexicana approach within 

one-quarter mile at the north base of Emory Peak. 

Rodent Ectoparasites 

Studies of chigger mites found on 19 species of rodents 

in Big Bend National Park have revealed new species of 

Euachoengastia, Euachoenga a t o i de 3, Otorhinophila, and Pseudo-

schoengastia. The four new species will be described in 

subsequent publications. Twenty-one species representing 

12 genera were collected. Neotoma albigula ;-/as parasitized 

by the greatest number of chigger species (13)• Eleven spe-

cies were recorded from Perognathus nelsoni, and 10 from 

Perognathus merrlami. Only one species was recovered from 

Spermophilus variegatus, Ammospermophilus interpres, Thomomys 

bottae, Pappoge.omys castanops, and Peromyscus maniculatus 

(Appendix 1). Small samples of these rodent species explain 

the lack of chigger parasites—not parasite preference for 

the host. 

Ghiggers were obtained throughout the year, although 

larger sampling may prove seasonal incidence for certain 

hosts. For example, no winter incidence was recorded for 

Dipodomys ordii or Sigmodon hispidus. The overall incidence 



6k 
of trcmbiculid infestation was approximately 75 per cent. 

Multiple parasitism occurred more often than single larva 

infestation (90 per- cent to 10 per cent). No appreciable 

tissue damage due to chigger infestation was observed, but 

extensive and prolonged parasitism will result in dermatosis. 

The ear concha© exhibit the greatest amount of parasi-

tism. The species of the genus Bnschoengastoides, for 

instance, appear to occupy different areas of the conchae; 

the periphery, middle portion, and even the ear drum area are 

infested with "pockets" of chiggers. The genital and thigh 

regions are secondary in infestation. A preference is dis-

played for the openings of the reproductive and digestive 

systems. In heteromyid rodents, especially Perognathus 

merriami, the soft tissues of the cheek pockets are 

parasitized. 

Chigger mites were identified by Dr. Richard B. Loorais. 



CHAPTER IV 

DISCUSSION 

General Habitat Relationships 

Rodent distribution in Big Bend National Park is the 

result of climatic and environmental interaction. Rodents 

are an integral part of most terrestrial' ecosystems. Veg-

etational type, soil texture, and many other factors can 

influence the distribution and population size of rodents. 

Successional changes in plant communities alter rodent 

density and species composition. Paleoecological data in-

dicate that the ranges of rodents in the Pleistocene 

correlated with climatic changes. The present ranges have 

resulted from post-Pleistocene climatic shifts, altered 

vegetation, and the adaptability of the rodents. Statisti-

cal analysis of the Trans-Pecos Texas and northern Mexico 

rodent faunas gives credence to the theory (Wells, 1966) 

that southwestern Texas had a similar continuous vegetation 

after the Wisconsin pluvial. The time interval is suffi-

ciently long to allow the integration of rodent species 

with different fauna1 affinities. 

A prolonged drought is theorized as the factor that 

initiated vegetational changes in the southwest some 10,000 

years ago (V/ells, 1966). The changes are demonstrated 
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presently by desert and mountain'plant formations with an 

intermediate grassland. Desert plant species, as Invaders, 

occupy a lower successional stange, and certain rodent spe-

cies (Dlpodomys merriami, Dipodomya ordii, Ifeotoraa. mlcropus, 

Perognathus penicillatus, and Peromyscus eremicus) attain 

maximum abundance in this habitat. Other species, Sigmodon 

hlspidus, Per ogna thus merriami,, R e it hi* odont prays megalotis, 

Peromyscus inanlculatus f and Neotoma albigula, attain greater 

numbers in higher stages of plant succession where dense 

cover is present. These species occur in the grassland and 

woodland communities. 

In the absence of human influence and environmental al-

teration, a fauna1 survey is species indicative for a time 

period of stabilized climate and flora (Baker, 1956). The 

original rodent distribution in the park Is unknown because 

no fauna1 surveys were conducted before habitat alteration 

by livestock. The effects of overgrazing remain evident to-

day. The eroded, barren flats of the Tornillo Greek area 

once supported grasslands which were utilized for hay pro-

duction (Maxwell, 1968). Habitat destruction is a factor in 

the current distribution of rodents in the park. 

Changes in community structure due to overgrazing or 

habitat destruction have been discussed by several authors 

(Baker, 19l]-0: Raun, 1966; Oetz, 1970). This change in Big 

Bend Park surely altered rodent distribution and community 

composition.• Since overgrazing occurred first In the lower 
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Chisos foothills and the desert, grasses were restricted to 

higher elevations. Additional environmental stress probably 

occurred as ecologically distinct species were forced to oc-

cupy the same areas. In the lower desert, rodent3 were 

probably isolated in small grassland remnants along drainage 

systems. The present association of Slgmodon hispidus and 

Peromyscus maniculatus along road beds and drainage patterns 

is an example. My theory is that desert forms were isolated 

from woodland species in the mountains by an inferior envi-

ronmental hiatus—this hiatus being created by overgrazing 

and habitat destruction. Secondary grassland succession has 

improved the intervening environment and both rodent number 

and species diversity have increased. 

Vegetative conditions in the Chisos were at an all-time 

low in 19i}l}. (Gasey, 1969). Secondary succession was delayed 

by droughts in the latter 1940'3 and early 1950's, with a 

subsequent drought in 1965, however, there is evidence for 

grassland recovery in the high mountains. Stipa grass in 

Laguna Meadow is widespread and forms a dense ground cover. 

Grasslands have advanced down the slopes of the Chisos 

Mountains and are encountering desert invaders on the lower 

slopes. There have been 27 years of secondary succession. 

Gardner (1950) observed that desert grassland protected from 

severe overgrazing for 30 years exhibited a grass density 

increase of 110 per cent. Even after 30 years protection 

the area was not completely healed, but there was no active 
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erosion. Warnock's (1969) data, indicate an increase cn the 

grassland plots of average ground cover from 188.8 hundredths-

of a square foot in 3-955# to an average .cover of i±53• 3 hun-

dredths of a square foot in 1967. Big Bend Park, in complete 

absence of domestic livestock grazing, exhibited a 2l\.l per 

cent increase in average ground cover in the Grassland for-

mation in 11 years, The average ground cover increase was 

less for the Woodland and Desert Shrub format ions. 

The environmental deterioration must have reduced ro-

dent population sizes. The study of Borell and Bryant 

(19̂ -2) was based on 218 specimens collected by Borell plus 

previously collected specimens in museums. The 218 speci-

mens were collected over a period of two years with 89. 

actual trapping nights. An average of 2.1\$ specimens per 

night was collected. KTo statement was available concerning 

the number of traps set each night, but from a personal 

viewpoint, 2.1̂.5 specimens indicate low rodent populations. 

Seventy-six of the 218 specimens were heteromyid rodents 

which are common and easily trapped. Even after a 1970 

summer low of .009 per cent specimens for 100 trap nights, 

my overall trapping success was seven per cent. Baker 

(19^0) obtained two specimens in 92 trap night3 on severely 

overgrazed pasture land in Colorado County, Texas, and 14 

mice in 99 trap nights on ungrazed pasture land. Borell 

and Bryant (19i{-2) studied the mammal fauna when the park was 
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overgrazed. My study was conducted after considerable re-

covery of the grassland environment. An increase in rodent 

density is evident. • 

The locality trapped has a great influence on the num-

ber of rodents collected. Rodent population densities are 

not evenly distributed, varying greatest in the desert en-

vironments . The creosote-lechuguilla-ocoti.llo plant 

community did not yield an abundance of specimens. The lar-

gest number of specimens collected in one night in the desert 

community was obtained in a cholla cactus-sand association. 

The isolated desert grass areas along the roads and water 

systems have high densities. Rodent populations in the Grass-

land and Woodland plant formations are more evenly distributed. 

Woodland densities are highest in grassy meadows, such as 

Laguna, Juniper Flat, Boulder, and Pine Canyon. Slopes sur-

rounding the meadows have a decrease in grass cover and number 

of individuals. In Pine Canyon Meadow four species (Sigmodon 

ochrognathus, Peromyscus uectoralis, Perorayscus boylii, and 

Ileotoma albigula) are common in the area, but only P. boylii, 

in small numbers, was collected on the adjacent rocky slopes. 

V/hen rodent capture is categorized according to plant 

communities, soil type, and per cent of average ground cover 

in the trap area, significant differences are apparent in 

rodent distribution (Appendix II). The species of rodents 

are assigned habitat affinities based on the habitat cate-

gories in which capture per species is greatest. These 
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categories are assumed to represent the type of habitat most 

favored "by the species. 

Spotted ground squirrels, Spermophi'lus spilosotna, are 

inhabitants of dry, rocky or sandy areas. Though approxi-

mately lj.0 per cent of the soil surface is devoid of 

vegetation, plants present include creosote, cholla, and 

prickly pear. Spermophilua mexicanus occurs only in the 

sandy environments of Rio Grande Village in a Bermuda grass 

community. Ecologically these two species are distinct. 

Spermophilus mexicanus is confined to a short grass commun-

ity with most sand, while S. s-oilosoma occupies drier, rocky 

soils with decreased ground cover. Tamsitt (1951+) found 

S. spilosoma burrows in gravelly soil at Black Gap, but 

Baker (1956) noted this species' preference for deep soils 

with a minimum of rocks' in Coahuila. Spermophilus variegatus 

is the most widespread rodent' in the park. Individuals were 

observed in 2\5ariscal Canyon at an elevation of approximately 

2,200 ft. and on the rockpiles near the north base of Emory 

Peak (7,000 ft.). Rock squirrels were collected or observed 

only in roclcy habitats in the Grassland and Woodland 

formations. 

The distribution of the saxicolous 'Texas antelope squir-

rel ranges from the river bottom up to 6,100 feet. 

Amnio 3 p e r mop hi lus interpres is the most ecologically diverse 

rodent in the park, occurring in all three plant formations. 
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Two gophers are present. Chestnut-faced pocket gophers, 

Pappogeomys castar.ops, are restricted to pale, deep, fine-

textured soils covered by various Desert Shrub plant species 

along and adjacent to the Rio Grande River and its tribu-

taries. Botta pocket gophers, Thomomys bottae, are abundant 

on the dark, rocky soils of the mountain slopes within the 

upper grassland and oak-pine belts. The two gopher species 

are geographically allopatric on this area. Borell and 

Bryant (I9k2) stated that in a few places the ranges of the 

chestnut-faced and Botta pocket gophers overlapped, but spe-

cific locations were not given. 

Kerriam pocket mice, Perognathu3 merriami, the rarest 

member of the genus in the park, occur in greatest numbers 

in grama grass-lechuguilla associations on the Chisos' foot-

hills. Porter (1962) reported abundance 'on alluvial soils 

between 3,500 and [(.,000 feet. Borell and Bryant (19ij.2) 

found P. merriami rare in the park and collected only four 

specimens from a sandy flat. On this evidence they stated 

that apparently extensive tracts of hard, rocky soil served 

as barriers to the dispersal of this species. Baker (1956) 

reported that P. merrlami was restricted to sandy soils in 

Coahuila. In the present investigation, 80 per cent of the 

merriami were collected on rocky soil. Apparently p. 

raerriami exhibits a preference for rocky soil habitats in 

the Chis os Mountains-. 
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The habitat affinity of the rock pocket mouse, Perogna-

thus nelsoni, is the upper grassland. Rock pocket mice were -

most abundant on the steep, rocky slopes- between J.j.,000 and 

5#500 feet. Perogna thus nelson! occurs in small number3 at 

3,700 ft., with P. merriami in a grama grass-lechugui11a as-

sociation. With elevational increase, rock pocket mice • 

increase in numbers and Kerriara pocket mice decrease. The 

grama grass-sotol association in Pine Canyon at 5»000 ft. 

supports a large population of P. nelsoni. The range of 

?. nelsoni includes the Pinyon Pine-Juniper woodland, but 

populations are small. The present survey indicates P. nel-

soni to be intermediate in population size between P. 

merriami and P. penicillatus. Borell and Bryant (I9J4.2) 

listed the rock pocket mouse as rare. They noted an eleva-

tional range between 2,300 and i|,80Q feet, and typical 

habitat was rocky areas occasionally overgrown with grass, 

sotol, and bear grass (Kolina). Baker (1956) stated that 

P. nelsoni was an inhabitant of characteristic Ghihuahuan 

Desert Shrub Vegetation-type and not grassland. A habitat 

preference of rocky, rough terrain was noted in the Black 

Gap areas by Tamsitt (195^)* 

Borell and Bryant (19i|2) reported overlap in the ranges 

of the rock pocket mouse and the desert pocket mouse in Big 

Bend Park, but no locality was given. I found P. nelsoni 

and P. penicillatus to be both geographically and ecologi-

cally allopatric, but the two species probably occur together 

where fine, sandy soils mantle desert areas. 
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Perognathus penicillatus is confined to areas of sand 

with Desert Shrub vegetation. The desert pocket mouse has 

a widespread range in the lower desert environment of the 

park and is by far the most abundant rodent in the Desert 

Shrub formation. Baker (1956) found P. penicillatus abun-

dant in Coahuila, but northeast of Big Bend at Black Gap, 

Tarns itt (1951+) listed the desert pocket mouse as a sparsely 

distributed .species. 

The second most common rodent of the Desert Shrub for-

mation is Dipodomys merriami. Merriam kangaroo rats have a 

wider habitat tolerance than D. ordii. Sandy soils, clays, 

gravels, and even rocky soils are inhabited. In Big Bend 

Park, sandy soils are slightly favored over rocky soils 

(53 specimens to 54 specimens). Populations are highest in 

creosote and ereosote-lechugui1la associations at elevations 

between 1,850 and 3,000 ft., and lowest in the grassland be-

tween 3»000 and 4,000 feet. 

The Ord kangaroo rat, Dipodomys ordii, is found in des-

ert situations but is not a common mammal. I found D. ordii 

only at Upper Tornillo Creek Bridge in a creosote flat. 

Bore 11 and Bryant (19lj-2} stated that the Ord kangaroo rat 

was probably confined to the river bottom. Upper Tornillo 

Creek is approximately 20 miles upstream from the Rio Grande 

River. Overland migration from the Rio Grande to Upper 

Tornillo Creek would be impossible due to the position of the 

Chisos Mountains. Dipodomys ordii must have extended its 
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range northward, via the sandy margins of the creek. The 

river bottom habitat, where Borell and Bryant (19l|.2) found 

D. ordii, has been destroyed by flood. Deep sands have 

been replaced by clays and no heteromyids were found there. 

Dipodoinys ordii and D. merriami are sympatric along 

Upper Tornillo Creek. Twice as many merriami as ordii in-

habit the area. Borell and Bryant (19hr2) reported sympatry 

of the two species at the mouth of Santa Elena Canyon. 

The western harvest mouse, Reithrodontomys megalotis, 

was captured in greater numbers at the lower elevations 

{3*000 ft.) of the Grassland formation on sandy soil with 

dense ground cover, Judd (1967) reported a specimen col-

lected in a pinyon-juniper-grass association at 5*300 ft. 

elevation in the Chisos Mountains. I collected four speci-

mens in Stl'oa grass at 6,700 ft. in Laguna Meadow. Borell 

and Bryant (191-1-2) did not find R. mega lot is in Big Bend 

Park, nor did Tamsitt (195>i[.) indicate this species at Black 

Gap. Blair (I9I4.O) reported the western harvest mouse to be 

one of the most widely distributed rodents in the Davis 

Mountains north of Big Bend National Park. Baker (1956) 

collected only one western harvest mouse specimen in .north-

ern Coahuila (a location IJ4. miles east of the southeast 

corner of the park). 

The western harvest mouse is more abundant and wide-

spread in distribution in Big Bend than indicated by previous 
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publications. It is foxmd in, short-grass, short-grass-yucca, 

pinyon-juniper-grass, and grama-Stipa grass associations. 

Reithpodontomy s megalotls has an ©levational range between 

2,500 and 6,700 feet, 

Borell and Bryant (19i|2) reported two specimens of 

Reithrodontoinys fulvescens collected in a sotol-grama grass 

association in Pine Canyon (i}.,700 ft.) and one specimen col-

lected in Juniper Canyon (lj.,800 ft.). One specimen was 

trapped in Green Gulch in 19&7 (Larry Brown, letter to Park 

Haturalist). Ho specimens were taken during this investi-

gation. The fulvous harvest mouse is rare and occurs in the 

canyon grasslands where there is increased moisture and an 

evenly distributed ground cover. Blair (19k®) listed three 

specimens from.Limpia Canyon {lj.,300 ft.) in the Davis Moun-

tains, but Baker (1956) stated that, in Coahuila, grassy 

habitats marginal to streams or cultivated fields were pre-

ferred habitats. Taylor et al. (19l[_5) obtained, two specimens 

on the western foothills of the- Sierra del Carmen in grass 

near a spring. Tamsitt (195^) did not indicate the presence 

of R. fulvescens at Black C-ap.. 

Peromyscus boylii is common above 5,000 ft. in rocky 

areas with a vegetational cover of pinyon, juniper, oak, and 

brush. Grassy meadows at higher elevations yielded few 

specimens, iill specimens were collected on rocky soil. 

Peromyscus pectoralis occurs within the same elevational 

range as P. boylii. The white-ankled mouse is most abundant 
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between 5*000 and 6,000 ft. in the pinyon-oak associations, 

whereas P. bo'/lii is obtained in maximum numbers in the in ore • 

mesic forest above 6,000 feet. Although P. pectoralis and 

the brush mouse are found together in the Chisos Mountains, 

the white-footed mouse ia usually found in more open grass 

associations. Peromyscus boy 1.11 is most abundant among rocks 

near oak, pine, and juniper trees. Rarely was P. pectoralis 

taken either on the exposed slopes of the higher elevations 

or in desert situations below I<.,500 feet. Zonally, P. pecto-

ralis occurs intermediately between Peromyscus eremicus, 

Peromyscus inaniculatus, and Peromyscus leucopus at lower ele-

vations. Tamsitt {195^) found P. pectoralis to be the rarest 

mouse at Black Gap, and he did not collect a specimen of 

P. boylii. Habitats similar to the Ghisos Mountains in the 

Davis and Sierra del Carmen Mountains yielded specimens of 

P. boylii and P. pectoralis (Blair, 19lf-0; Baker, 1956). 

The rock mouse, Peromyscus diffioilis, has not been re-

ported previously from Big Bend' National Park or Trans-Pecos 

Texas. Eleven specimens were captured on exposed rocky 

slopes and among boulders at the north base of Emory Peak 

(7,000 ft.). Hock mice were found in rockpiles where the 

crevices and ground are blanketed with a thick layer of oak 

leaves. Texas Kadrone (Arbutu3 texana) and several species 

of oak (Q,uercus spp.) are the dominant plants at this lo-

cality. Neotoma mexicana and P» boylii are also present in 

the rockpile'habitat. Hoffmeister and De La Torre (1961) . 



77 

reported specimens from New Mexico and the Sierra del Carmen 

Mountains in Coahuila, but no specimens from Texas. According 

to their records, a hiatus exists between New Mexico and 

northern Coahuila. The presence of P. difficilis in Trans-

Pecos Texas is confirmed and some clarification of the 

southwestern distribution of the rock mouse has been achieved. 

Peromyscus er.einicus is an ecologically diverse species. 

Specimens were collected in creosote, c r e o s o t e-1e chugui11a, 

grama grass-lechuguilla, lechuguilla-ocotillo, prickly pear, 

and grama grass-pinyon-juniper associations in the three 

plant formations, Creosote flats, desert grama grass-lechu-

guilla, and'prickly pear associations at elevations between 

1,800 and 3*500 ft. are preferred habitats. Cactus mice 

occupy the drier mountain slopes to an elevation of 5',500 

ft., but population densities decrease with elevational in-

crease, This species prefers.rocky soils but occurs both 

on sandy and clay soils. Bore11 and Bryant (1942) recorded 

an elevational range between 1,850 and 3,500 ft. for P. 

eremicus in desert environments and stated that eromicus was 

the most common species of the genus Peromyscus in Big Bend 

Park. Tamsitt (195̂-1-) indicated small populations at Black 

Gap, and Blair (19i|0) collected only four specimens in the 

Davis Mountain region. Baker (1956) stated that P. eremicus 

was the most widespread, as well as most common, Peromyscus 

in Coahuila. The distribution information on P. eremicus 
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implies that this species is abundant in the eastern por-tion 

of the Chihuahuan Desert from Big Bend park south into 

Coahuila. . • 

Peromyscus maniculatus was found on desert plains and 

the lower foothills of the mountains. Specimens were taken 

as low as 1,850 ft. in elevation and as high as 3»$00 feet. 

Deer mice occur along arroyos, creeks, and on the floodplain 

of the Rio Grande River in deep to shallow soils and where 

mesquite (Prosopis glandulosa), cane (Phragmites), cacti, 

and grassy cover exists. Trapping records indicate deer mice 

occur in greatest numbers in areas of moderate grass with 

higher soil moisture content than the surrounding desert 

plain. Evidently P. maniculatus is ecologically limited in 

distribution by soil texture and moisture. Blair (I9I4.O) 

collected the majority of specimens in grass associations of 

the Davis Mountains. Baker (1956) failed to take P. manicu-

latus on the drier slopes that supported thick stands of 

lechuguilla, but recorded them from grass-prickly pear as-

sociations. Borell and Bryant (19l|.2) recorded specimens 

from along the Rio Grande River floodplain and near the edge 

of a small pond in adjacent weeds and grass. 

In Big Bend National Park, Peromyscus leucopus has a 

riparian distribution. All specimens were collected in the 

Rio Grande River floodplains, where trees and brush produced 

a semi-woodland environment in association with grass. 

Borell and Bryant (19l{.2) collected specimens in similar 
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habitats, Blair (19̂ -0) reported ?, leucopus occurred in 

woodland at an elevation of $,$00 ft. in Limpia Canyon. 

Baker (1956) failed to collect specimens- of P. leucopus in 

western Coahuila. Ho specimens were collected in Black Gap, 

to the north of Big Bend Park (Tamsitt, 195^)• 

Five miles southwest of Rio Grande Village, P. leuco-. 

pus and P. manieulatus inhabit thickets along the Rio 

Grande River. Peromyscus manieulatus occupies the open 

grassy areas and P. leucopus occurs in suitable brush with 

moderate grass. In this sympatric area, P. leucopus popu-

lations are higher than populations of P. raaniculatus. 

Neither species occurs in large numbers in the park. 

The hispid cotton rat, Sigmodon hispidu3, inhabits 

grassy environments at lower elevations, especially in moist 

area3 along streams where grassland recovery has progressed 

more rapidly. There is considerable grass along the margins 

of the Panther Junction-Marathon highway and extensive 

.grassy tracts are present.at Tornillo Creek and Bone Spring 

Draw. The largest hispid cotton rat population occurs ad-

jacent to Upper Tornillo Creek with a smaller population at 

Bone Spring Eft?aw. Sigraodon hisoidus is restricted to' areas 

of moderate to dense grass cover. Borell and Bryant (19l|2) 

proposed a river bottom distribution for this species, 

based on four specimens. I collected only two specimens in 

river bottom habitat and observed runways on a sandy knoll 

in Mariscal Canyon, Thirty-one specimens were collected in 



80 

grassy habitats 20 miles fro,ra the Rio Grande River * No- spec-

imens have been collected in northern -Coahuila adjacent to 

Big Bend Park (Baker, 1956) or north of .the park at Black 

Gap (Tamsitt, 1954-) • Seven specimens were collected by 

Blair (19i|0) in grass associations in the Davis Mountains. 

Evidently hispid cotton rats are more numerous and widespread 

than in previous years., correlating with grassland recovery. 

Slgmodon ochrognathus occurs in Grassland and Grass-

land-Woodland formations In Big Bend Park. Populations of 

yellow-nosed cotton rats are present in Laguna Meadow, Pine 

Canyon, Juniper Flat, and Boulder Meadow. Specimens In the 

Texas A&K collection were taken in Green Gulch and at Boot 

Springs. Sigiaodon c chrognathus occurs between elevations 

of 5,000 to 7,000 feet. 

The dominant grass at all collection sites Is Stipa. 

In Laguna Meadow sideoats grama (Bouteloua curtipendula), 

Stipa tenuissima, and Stipa neotnexicana are present. Pinyon 

Pine (Pinus ceiobroldes), Alligator Juniper (Juniperus dep-

pcana), Ponderosa Pine (?inus ponderosa), and Douglas Pir 

(Pseudotsuga nenziesii) are dominant trees where S. ochrog-

nathus occurs. Juniper Plat was the only collection site 

where oaks were dominant. The yellow-nosed cotton rat is 

most abundant in Stipa grass-pinyon-juniper or Stipa grass-

Pohderosa pine-Douglas fir associations in the park. In 

contrast, other investigators (Blair, 19l[-0; Baker, 1956; 

Baker and Greer, 1962; Hoffmeister, 1963; Baker, 1969) 
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indicated a habitat affinity with oak or oak-juniper wood-

land in association with a variety of grass species. None 

mentioned Stipa grass as a dominant where specimens were 

collected. 

Dark, loose loara soils with few large rocks compose . 

the substrate at Boulder Meadow, Juniper Plat, and Laguria 

Meadow, but in Pine Canyon a hard, rocky, clay soil exists. 

All four sites have a relatively flat terrain. Rocky soils 

with a slop© of as much as kO degrees were inhabited by 

S. ochrognathus in Arizona (Hoffraeister, 1963). Canyon 

valley floors with thick grass were .occupied in Coahuila 

(Baker, 1956) and in Durango (Baker and Greer, 1962). Gen-

eralizing habitat preference for this species, Baker (1969) 

stated that S.'ochrognathus lived chiefly on rocky slopes 

with scattered clumps of grass. My data indicate a pre-

ference for flat meadows with a loose, loam soil. Extensive 

trapping on the rocky slopes surrounding the meadows failed 

to yield a specimen of the yellow-nosed cotton rat. 

Burrows of the yellow-nosed cotton rat were examined in 

Laguna Meadow. Five burrows had an average diameter of 30 

mm. 3ach burrow was marked by a fan-shaped riound of dirt 

and a runway leading into the grass. Surface runways are 

conspicuous near the burrow openings. Evidence of the pres-

ence of S. ochrognathus is the runway, which extends from 

the burrow several feet before branching. Dense stands of 

Stipa grass provide a canopy over the runway. Because of . 
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upper level covering, a yellow-nosed cotton pat can traverse 

many feet of the runway without exposure from above. Runways 

average two inches in width and 75 ft. in length. Baker and 

Greer (1962) found 11 openings from a single burrow system 

into surface runways. I found only one. In Arizona, a rocky 

soil prevented the digging of burrows by S. ochrognathus, but 

abandoned burrows made by Thomomys umbrlnus were utilized 

(Hoffmeister, 1963). There are no pocket gophers in Laguna 

Meadow, but T. bottae is present in Pine Canyon. Gopher 

burrow utilization in Pine Canyon is not confirmed. 

Baker (1969) theorized that S. ochrognathus lived under 

more xeric conditions than any other species of Sigmodon. 

A preference for dry, rocky hillside habitats and small 

populations were cited as reasons for his conclusion. In 

Big Bend National Park, the meadows where S. ochrognathus 

occurs are more mesic than the lower desert plains occupied 

by S. hispidus. Greater precipitation occurs on mountain 

meadows; in addition, drainage from the slopes is chanelled 

into the meadows. A more luxuriant growth of grass is pre-

sent in the meadows than on the mountain slopes. 

The common food of S. ochrognathus is grass. Grass 

c-roppings are numerous in runways. In season (late summer 

and early fall) the purple fruit of the prickly pear 

(Opuntia) is a favorite food. Purple staining of the fur 

around the mouth, under the chin, and upper chest is common. 
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In Big Bend Park, S. ochrognathus is associated with 

Reithrodontornys megalotisy al-bigul^, Perorayscua 

boylil, Peromyscus pectoralis, and Per o.c;na thus nelsoni. 

Associates in other areas are Re ithr o d ont prays fulveseens, 

Baiorays taylori, Sigmodon fulviventer, Liorays ii^roratus, 

Peromysous eremicus, Sigmodon Mspidus_» and Sigmodon leu-

cotis (Hoffraeister, 1963; Baker, 1969). 

Blair (19ii0) reported seven S. ochrognathus specimens 

from the Davis Mountains, and Taylor et al. (19l|5) found 

cuttings, burrows, and piles in the Sierra del Carmen 

Mountains. 

Grassland and Woodland plant formations are inhabited 

by Ifeotoma albigula. Grama grass-prickly pear, grama grass-

yucca, grama grass-oak, Stipa grass-prickly pear, and 

pinyon-juniper associations support populations of this 

species. Data analysis indicates a preference for rocky 

soils and brushy habitats. The a vailability of- vegetation, 

which affords shelter for house's, seemed to affect their 

abundance more than the composition of the terrain 

(Davis, 1966). The white-throated wood rat ranges between 

3,700 and 6,800 ft. in elevation, and occurs in greatest 

numbers between 1|,500 and 6,000 ft. in the pinyon-juniper 

woodland. ITeotoma albigula certainly is the most abundant 

wood rat in Big Bend Park, Borell and Bryant (19̂ -2) col-

lected only four specimens from >>000 to 5#200 ft. elevation, 
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and Blair (19̂ .0) obtained two specimens in the Davis Moun-

tains. Twenty-one specimens were trapped at Black Gap 

(Tarnsitt, 19pli) • 

Eeotoma -nexicana inhabits the talus slopes and rock-

pi] es of Mount Emory. Specimens were trapped on and under 

boulders with a deep litter consisting of oak leaves in -a 

plant association of raized oaks and conifers. No houses 

were observed and it is assumed that underground dens are 

used. The only indication of the species' presence is 

droppings on rocks. The environment on Emory Peak is mesic. 

Lichens are present on the rocks and trees, and leaf litter 

is damp. The area is shaded most of the day by Emory Peak. 

Similar situations were inhabited by N. mexicana in Coahuila 

(Baker, 1956).• 

Mexican wood rats have not been reported previously 

from the Chisos Mountains. Blair (19̂ 4-0) collected nine spec-

imens in the Davis Mountains: all were caught near rock 

masses on steep canyon walls. Baker (1956) reported speci-

mens collected in mixed oaks with some conifers from as low 

as ij.,800 ft. in elevation to a height of 8,000 ft. in the 

Sierra del Carmens. Evidently the ecological requirements 

of N. mexlcana isolate it from the other species of ITeotoma 

in Big Bend Park. 

The gray wood rat, Neotoma mlcropus, is characteristic 

of the arid Desert Shrub formation. Individuals are common 

on the creosote, prickly pear, and cholla desert flats of . 
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deep sand, but also occur in brush thickets of cane and mes-

auite along the Rio Grande River. 

Ileotoma micropus is not as an elaborate nos't builder as . 

IT. albigula-. Only a few sticks and pieces of cactus are 

strewn about the nest openings. Most of the nests are under-

ground with two or three external openings. All nests are 

situated in the middle of a clump of prickly pear, cholla, 

or catclaw (Acacia)t and well protected. 

Specimens of the gray wood rat were collected in the 

elevational range of 1,900 to 3,000 feet. Gray wood rats 

are most abundant in the Desert Shrub formation, but three 

specimens were collected at the extreme lower margin of the 

Grassland formation. ITeotoma micropus is separated from 

N. albigula by the Grassland formation. lieither species 

demonstrates a' great affinity for open grassland. 

Borell and Bryant (19̂ -2) listed IT. mi cr opus as uncommon 

in the park. Wo specimens have been collected adjacent to 

Big Bend National Park in northern Coahuila (Baker, 1956). 

Blair (19^0) trapped two gray wood rats in the Davis Moun-

tains, but none were obtained at Black Gap (Tamsitt, 195i|). 

I find the absence of I£. mi cr opus at Black Gap intriguing. 

The majority of Black Gap habitats are of similar composition 

to thos e preferred by IT. mi cr opus in Big Bend Park. Tamsitt 

noted IT. albigula specimens were blue-black and gray in 

color. Specimens of If. mi cr opus in the park are gray to 

gray-black in color, whereas N. albigula tends to be various 

shades of brown. 
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Reproduction 

Rodent breeding seasons usually, occur at a time most 

advantageous for the pregnant female and the newborn young. 

Even in rodents that breed at all times of the year, there 

is usually some period of lesser activity associated with 

periods of environmental stress. Late spring to early sum-

mer is the time of greatest environmental stress on rodents 

in Big Bend National Park, and the data indicate a phase of 

reduced reproduction. In conjunction with lower reproduc-

ticity, rodent populations are at a minimum in the early 

summer. The results of the present study show two pregnant 

females taken in Hay and none in June, Trapping results 

for two summers reveal 0.05 rodents taken per 100 trap 

nights. The increase in number of pregnant females in the 

late summer, fall, and early winter corresponds closely 

with the periods of new vegetative growth and climate mod-

eration. There is some evidence that nutrients contained 

•in fresh vegetation have a stimulating effect upon breeding 

activity (Bodenheimer and Sulman, 19J|6). The present bre-

eding results are generally consistent with previous data 

(Cockrum, 1962; Davis, 1966; Lord, I960; Smith and KcCrinnis, 

1968), but there are exceptions. 

The number of embryos per female for 18 pregnant 

Kerriam kangaroo rats averages2.50 (1-5)• These females 

were collected from August through larch. Average number 

of young per'female during this time is fairly consistent, 
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varying from 2,77 for August to December, down to 2-28 for 

January to I'-ferch. A reproductive study of Dipcdorays mer- ' 

riami in southern Arizona (Reynolds, 196.0) revea-led an 

average litter size of 2,02 (1-3). Average number of young 

is lowest in October (1.50) and highest in September (2.18). • 

The months of lowest reproductive activity in southern 

Arizona, October through March, (Reynolds, I960), are the 

highest months in Big Bend National Park, indicating a sig-

nificant difference in the reproductive activity of D, 

merriami in Big Bend and the same species in southern Arizona. 

Peromyscus eremicus bears litters every month of the 

year except May, June, and July. The reduction in breeding 

correlates with the general pattern of rodent reproduction. 

Maximum litter size for P. eremicus is five, with an aver-

age of 3»10 (10 litters). Svihla (1932) reported a mean 

litter size of 2.60 in P_. eremicus, based on five litters; 

Davis and Davis (19l|7) found the mean number of young in 

ij.0l{. litters to be 2.L.2; Baker (1956) obtained an average 

'litter size of 2.70 (38 litters) for P. eremicus in Coahuila; 

Brand and Eyckman (1968) in a laboratory study of P. eremi-

cus taken in southern California, reported an average litter 

size of 2.22 (llj. litters). My data suggest a large litter 

size for P. eremicus and correlate with the litter size of 

the desert mou.se in Coahuila, Evidently female eremicus 

produce larger litters in the eastern distributional areas 

than in the western areas. 
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Sigmodon ochrognathus creeds throughout the year in 

Big Bend Park, Populations usually contain more juveniles 

than adults. Seven pregnant females had an average litter 

size of 3.57 (3-5). Four female S. ochrognathus collected 

in southern Arizona had embryo numbers of two, three, three, 

and four, and laboratory raised females had an average lit-

ter size of 3'00 (Hoffneister, 1963)- Baker (1956) 

reported the following embryo- counts for S. ochrognathus in 

Coahuila: two, two, six, seven, eight, and nine. Litter 

size of the yellow-nosed cotton rat in Big Bend Park is 

larger than the sizes recorded for this species in southern 

Arizona. 

Ectoparasites 

Like most ixodid ticks, larval Trombiculidae attach to 

their hosts only while feeding. Chiggers feed even less 

frequently than the other mite families; therefore, a great 

portion of their life span is spent off the host. Engorged 

mites drop from their hosts, and when ready to feed again 

climb to a vantage point and await the passage of a suit-

able host. Although the chiggers are found on various 

vertebrates, they are not particularly host specific. 

Host selection is based on availability of satisfactory 

hosts to unfed, active larvae and certain chiggers have host 

preference based on intimate association and physiological 

selection and rejection (Loonis, 1970)• Host preference 
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on on© to several related species seems' to occur- frequently. 

Chiggers and their hosts coincide in .activity and life 

cycles. 

Certain morphological features seem correlated with en-

vironmental factors. Larvae of desert species tend to be 

smaller and lack or have shorter setae on the body and legs. 

Seemingly these modifications are directly related to water 

conservation (Loomis, 1970). 

No previous study of the chigger parasites on rodents 

in Big Bend National Park has been published. Loomis and 

Crossley (1963) included some records from the park in a 

study of the chiggers from Texas. 'Hie present investigation 

adds to the knowledge of host preference and distribution of 

chiggers in the northern Chlhuahuan Desert. 

The rodent distribution appears to correlate with in-

cidence of chigger parasitism. Ileotoma albigula and Perog-

nathus nelson! occur together in similar habitats, and nine 

chigger species are hosted by both species. Perornyscus 

pectoralis and Ueotoma albigula have seven troiubiculld spe-

cies in common, but Peronyscus. pectoralis and Perognathus 

nelsonl, due to habitat preference—brush versus grassland— 

jointly host only two species. Per grays cus boy III, Perorayscus 

difflcllis and _̂ot_oma mexicana inhabit rocky habitats at 

higher elevations. All three are parasitised by Euschoen-

gastla criceticola and Kaye11a lacerta. Peromyscus boylii 
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and P. difficilis are hosts for Pa end os choengas t la farneri. 

Habitat preference by these three cr5.cet.id hosts correlates 

with the incidence of parasite species. .A similar situation 

exists for Perognatlras raorrlarni and Perognathus penicillatus. 

In the present study, ehigger infestation is indepen-

dent of sex and relative age; however, evidence indicates 

that larger animals of all sex and age classes were more sus-

ceptible to trombiculid parasitism. If it is assumed that 

larger individuals tend to be more active, these results may 

be consistent with the interpretation. 



APPENDIX I 

The following is a summary of the host-parasite rela-

tionships of the rodent species in Big Bend National Park. 

The rodent species and the trorabiculid ectoparasites col-

lected from, the specific hosts are listed. 

Spermophilus spilosoraa. Total chigger species, i}., as 

follows: Buschoengastoides hoplai (Loomis); Ponsecia 

gurneyi {Swing); Kyponeocula arenicola (Loomis); Leptrotrom-

bidiun panamense (Ewing). 

SpermophiIns variegatus. Total chigger species, 1, as 

follows: Butrorobicula alfreddugesi (Oudemans). 

Ammo sp erraophi lus interpres. Total chigger species, 1, 

as follows: Leptotrombidium panamense (Swing). 

Thomomya bottae. Total chigger species, 1, as follows: 

Zv.schoeng a s t o i de a arizonae Loomis. 

Pappogeprays castanops. Total chigg'er species, 1, as 

follows: Hyponeo quia arenicola (Loomis}. 

Perognathus merriami. Total chigger species, 10, as 

follows: Buschoengastoides arizonae Loorais; Euschoengas-

toides hoplai (Loonis); Buschoengastoides similis n. sp.; 

Fonsecia gurneyi (Swing); Hexldlonis allredi (Brennan and 

Beck}? Hexidionls harveyi Loorais and Lucas; Hyponeocula 

arenicola (Loomis); Leptotrombidirmi panamense (Ewing); 
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Qfc or hi n ophi la bacouai n. sp. Loomis and llrenn; fseudoshoen--

gastla n._ sp, 

Perognathus nelsoni. Total chigger-species, 11, as 

follows: Buschoengastoides arizonae Loomis; Bus oh. oengas t oi-

des hoplai (Loomis)J Buschoengastoides loomis! (Crossley and 

Lipovsky); Buschoengastoides neotomae Loomis; Buschoengas-

toides simllis n. sp.; Hexidionis allredi (Brennan and Beck); 

Eyponeocula arenicola (Loomis); Kayella lacerta (.Brennan); 

Lept otrombidium pariaraense ( Swing); Pseudoschoengastla hun-

gerfordi Lipovsky; Pseudoschoengastla n. sp. 

Perognathus penicillatus. Total chigger species, 9, as 

follows: Buschoengastoides arizonae Loomis; Buschoengastoi-

des hoplai (Loomis); Buschoengastoides similis n. sp.; 

Hexidionis allredi (Brennan and Beck); Hexidionis harveyi 

Loomis and Lucas; Eyponeocula arenicola (Loomis); Kayella 

lacerta (Brennan); Otorhinophila baccusi n. sp. Loomis and 

Wrenn; Pseudoschoengastla n. sp. 

Dipodomys merriami. Total chigger species, 8, as fol-

lows : Buschoengastoides arizonae Loomis; Buschoengastoldes 

hoplai (Loomis); Ponsecia gurneyi (Swing); Hexidionis all-

redi (Brennan and Beck); Hexidionis harveyi Loomis and 

Lucas; Hyponeocula arenicola (Loomis); Otorhinophila bac-

cusi n. sp. Loomis and Wrenn. 

Reithrodontomys megalotls. Total chigger species, 2, 

as follows: Hexidionis harveyi Loomis and Lucas; Pseudo-

choengastia whartoni Brennan. 
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Peromyscus eremicus. Total chigger species, 9, as fol-

lows: Sasacarus xfeartoni (Hoffmann); Buschoengastoides 

. loom!si (Grossley and Lipovsky); Buschoengastoides neotomae 

Loomis; Ponseoia gurneyl (Ex-ring); Kayella la cert a (Brennan); 

Leptotrorabidiurn panamense (Swing); ?seudosohoengas11 a farneri ' 

Lipovsky; Pseudoschoengastia hungerfordi Lipovsky; Pseudo-

schoengastia whartonI Brennan. 

Peromyscus maniculatus. Total chigger species, 1, as 

follows: Hexidionls harveyi Loomis and Lucas. 

Peromyscus pectoralis. Total chigger species, 9> as 

f ollox̂ s : Sasacarus whartoni (Hoffmann); Eus choengas tia cri-

ceticola Brennan; Euschoengastia n. sp.; Euschoengastoides 

loomisi (Crossley and Lipovsky); Buschoengastoides neotomae 

Loomis; Bus choengas toides similis n, sp.; Ponsecia fur-neyi 

(Biding); Leptotrorabidium panamense (Ewing); Pseudoschoengas-

tia farneri Lipovsky. 

Peromyscus boylii. Total chigger species, 3," as follows: 

Euschoengastia criceticola Brennan; Kayella lacerta (Brennan); 

Pseudos "choengas tia farneri Lipovsky. 

Sigmodon ochrognathus. Total chigger species, l±, as 

follows: Euschoengastia criceticola Brennan; Ponsecia 

gurneyi (Ewing); Leptotrombidiura panaraense (Ewing}; Pseudo-

schoengastia hungerfordi Lipovsky. 

Heotoma micropus. Total chigger species, 7» as follows: 

Buschoengastia criceticola Brennan; Euschoengastoides 
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loo.-nj.si (Grossley and Lipovsky); Buschoengastoides simill_s 

n. sp.j Eutrorabicula alfreddugeai (Oudemans)j Hexidionis 

allredi (Brennan and Beck); Leptotrorabidivan panamense 

(Swing); Pseudoschoengastia whartoni Brennan. 

Hootoma albigula. Total chigger species, 13, as fol-

lows : Qdontacarus raorlani Brennan; Sa 3 a ear us whartoni 

(Hoffmann); Buschoengastla criceticola Brennan; Euschoen-

gastoides hoplai (Loorais); Sus choengas t oides loomlai 

(Crossley and Lipovsky); Buschoengastoides similis n. sp.; 

ffonaeela gurneyi (Ewing); Hexidionis allredi (Brennan and 

Beck); Hyponeocula arenicola (Loomis ); Kayella lacerta 

(Brennan); Le p t o t ror,ibidlum panamense (Swing); Pseudoschoen-

gastia farneri Lipovsky; Pseudoschoengastia hungerfordi 

Lipovslcy. 

ITeotoiaa mexicana. Total chigger species, 2, as follows: 

Euschoengastia criceticola Brennan; Kayella lacerta (Brennan). 



APPENDIX II 

The following is a list of the rodent species studied. 

Ho attempt lias been made to examine all the specimens col-

lected in Big Bend National Park. Localities, elevations, . 

and number collected are given. Specimens not collected by 

me, have the institutional names abbreviated and in paren-

theses . These are Big Bend National Park Ma.inm.al Collection 

(BBN?); Texas Cooperative Wildlife Collection, Texas A&M 

University (TGVJC); University of South Tampa (UST)j Univer-

sity of Michigan (UM); Texas Technological University (TT). 

Soerraophilus niexicanus . Specimens examined. —Total, 

2, from: Rio Grande Village, 1,850 ft., 2 (BBNP). 

Observations. Rio Grande Village, 1,850 ft., 5« 

Spermoohilus spilosoma. Specimens examined.—Total, 

16, from: 5 mi. SW Rio Grande Village, 1,850 ft.* 1; 8 mi. 

SW Rio Grande Village, 1,925 ft., 1; Fanther Junction, 3,700 

ft., 2; Lower Tornillo Creek Bridge, 1,925 ft., 1; NW 

Chilicotal Kt., 3,500 ft., 1 (UM)j E Burro Mesa, k,000 ft., 

1 (TCWC); Nail Ranch, 3,500 ft., 1 (TCWC); Kouth Santa 

Elena Canyon, 2,100 ft., 1 (TCWC); HE Panther Junction, 

3,700 ft., 7 (BBNP). 

Additional records (Borell and Bryant, 19i|2:20): 

N End Mariscal Mt., 2,300 ft., 3* 
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Observations. 12 mi. K Panther Junction, 2,900 ft., 2; 

'Persimmon Gap , 2,900 ft,, 1: 1 mi. W Castolon, 2,700 ft., 1. 

Sperniophilus variegatus. Specimens • examined. --Total, 

8, from: 3 mi. N Basin, 5,550 ft., 1; Juniper Canyon, 4,500 

ft., 1 (TGWC); Basin, 5,^00 ft,, 1 (TCWC); Gasa Grande, 

6,000 ft., 1 {TOV/G) | Boot Springs, 6,900 ft-., 2 (TCWC); • 

Upper Green Gulch, 5,300 ft., 2 (BBiTP). 

Additional records (Borell and Bryant, 19i|-2:20): Jun-

iper Canyon, ij.,800 ft., 2; 3 of Basin, 5#800 ft., 2; Green 

Gulch, 5,200 ft., 3; (Bailey, 1905:83): Chisos Mts.; 

{Howell, 193S:lI|.l)t Chisos Mts.; Boquillas. 

Observations. Pi-Ear, 3,700 ft., 1; TT Slope Emory Peak, 

6,800 ft., 1; Panther Canyon, k,300 ft., 1. 

Amaiosperino-philus interpres. Specimens examined.— 

Total, 10, from: Basin, 5,560 ft., 2; Pine Canyon, 5,100 

ft., 1; K-Bar, 3,700 ft., Ij Oak Creek, k,000 ft., k (TCWC); 

Blue Creek Canyon, i{.,500 ft., 1 (TCWC); Wilson Ranch, k,000 

ft., 1 (BBMP). 

Additional records (Borell and Bryant, 19i|2:21): Pine 

Canyon, Ij.,700 ft., 1; Green Gulch, 5,200 ft., 2; Basin, • 

5,200 ft., 1"; (Howell, 1938:180): Boquillas. 

Observations. Upper Basin, 6,100 ft., 2; Terlingua 

Abaja, 2,350 ft., 1; 3 rai. 3*7 Rio Grande Village, 1,850 ft., 

1; Panther Canyon, I}.,500 ft., 1: Basin, 5,500 ft., hr; K-Bar, 

3,700 ft., 3-
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Thomgygys bottae. Specimens examined. —Total, 8, from: 

Pine Canyon, 5,000 ft., 1; Boot Springs, 6,600 ft., 1 (TGWC); 

2 mi. Fi Lone Mt., 2,1{.00 ft., 2 (TCWC); Grapevine Hills, 

3,^00 ft., 1 (TCvJC) J Panther Junction, 3*700 ft., 1 (TT); 

Pulliam Canyon, 5*200 ft., 1 (3B2JP); Panther Junction, 3*700 

ft., 1 (BBNP). 

Additional records (Bore 11 and Bryant, 191+2:21-22): 

Green Gulch, 5*200 ft., 2; E Base Burro Mesa, 3*500 ft., 2; 

Glenn Springs, 2,606 ft., 1; Boquilias, 1,800 ft., 1; 

{Bailey, 1915*89): Boquillas: (Goldman, 1936:119): 

Boquillas. 

Papposeorays castanops. Specimens examined.—Total, 6, 

from: 3 mi. li'v] Rio Grande Village, 1,900 ft., 1; $ ml* SW 

Rio Grande Village, 1,850 ft., 1; 8 mi. SW Rio Grande Vil-

lage, 1,925 ft., 2; Castolon, 2,100 ft.., 1 (UM); Mouth 

Santa Siena Canyon, 2,100 ft., 1 (TC¥C). 

Additional records (Bore11 and Bryant, 1942:22): 1 mi. 

S¥ Boquillas, 1,850 ft., 3; Big Bend Rio'Grande, 2,000 ft., 

6; Johnson Ranch, 2,060 ft., 2; (lie Is on and Goldman, 19 3h: 

138): Boquillas. 

Perognathus merriami. Specimens examined.—Total, i|6, 

from: 5 Panther Junction, 3*523 ft., 1; 1 mi. If 

Panther Junction, 3*800 ft., 1; 3 SB panther Junction, 

3,700 ft., 15; Green Gulch, k,200 ft., 5* Lower Tornillo 

Creek, 1,925 ft., 2; 8 mi. SW Rio Grande Village, 1,925 ft., 

1; 13 mi. II Panther Junction, 3*̂ -00 ft., 2 (TT): Dugout 
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Wells, 3,500 ft., 1 (TT); C&stolon, 2,700 ft-, 3 (UK); Cak 

Creek, 3*900 ft,,- 1 (TCtfG); Painfc Gap Hills, 3*500 ft., 

5 (TCV/C); Hail Ranch, 3*700 ft., ij. (TCWC); 2 mi. I Lone Mt., 

3# 1+00 ft., 2 (TCV/C); Green Gulch, 3',600 ft., 1 (BENP): Bio 

Grande Village, 1,850 ft,, 1 (BBNP); Panther Junction, 

3,700 ft., 1 (BBMP). 

Additional records (Bore 11 and Bryant, 191.J.2:23): H End 

M&riscal Mt., 2,300 ft., }±. 

Perognathus nelsoni. Specimens examined.--Total, 71# 

from: Basin Campground, 5*5oC ft., 5; Pine Canyon, 5*000 

ft., 17j 3 Mi• S3 Panther Junction, 3#700 ft., 2; Persiramon 

Gap, 2,875 ft., 2; Park Entrance, 2,835 ft., 1; 7 mi. SE 

Panther Junction, 3,350 ft., 1; McKinney Springs, 3,100 ft., 

1 (TCV/C); Cak Creek, I <.,000 ft., 3 (TCV/C); Oak Creek Springs, 

k, 200 ft., 1 (TCV/C); Blue Creek, L, 250 ft., 3 (TCV/C); Pine 

Canyon, lj.,500 ft., 1 ( T C V / C ) ; pine Canyon, 5*100 ft., 1 

(TCWC); Pine Canyon, 5*300 ft., 1 (TCV/C); Green Gulch, 5*000 

ft., 2 (TCV/C); Grapevine Hills,'3,300 ft., 1 (TCV/C); Grape-

vine Plills, 3,100 ft., 3 (TCV/C); Castolon, 2,200 ft., 1 

(UM); 3 mi. HE Solis Ranch, 2,100 ft., 1 (UK); m Slope . 

Chilicotal Mt., 1 (IJT-l): Pine Canyon, k,700 ft., !{. (UST); 

Green Gulch, 5,000 ft., 3 (UST); Dagger Flat, 3,1+50 ft., 

7 (TT); Green Gulch, 5*300 ft., 2 (TT); Blue Creek Ranch, 

3,900 ft., 5 (TT); Blue Creek Ranch, 3*900 ft., 2 (BBS?). 

Additional records (Borell and Bryant, 19li2r25) -

Chi sos Kts., "1; Pine Canyon, k, 700 ft., 0; Juniper Canyon,. 



99 

li,800 ft., 2; Boquillas, 1; Glenn Springs, 2,600 ft., ij.; 

II End Kariscal Kt., 2,300 ft., 3S -Pinnacle Springs, 2,800 

ft., 9; Smoky Springs, 3*200 ft., 1; (Bailey, 1905:lkO): 

Boquillas; S Base Chisos llts.j ("Earner, 196k); Government 

Springs, 3»958 ft., 1. 

Perognathus penici 1 latus. Specimens examined.--Total, 

112, from: 5 mi, EW Panther Junction, 3#523 ft., 1; Ij. mi. 

SS Panther Junction, 3*000 ft., 2; 5 *oi. SlvT Rio Grande Vil-

lage, 1,850 ft., lj 8 mi. Slv7 Rio Grande Village, 1,925 ft., 

22; Johnson Ranch, 2,020 ft., 9; 6 mi. IIW Castolon, 2,3kk-

ft., llfj 10 mi. HE Panther Junction, 2,820 ft., 3> Hine 

Point Draw, 2,600 ft., 2; 19 mi. Slv Panther Junction, 2,250 

ft., 3s -Lower Tornillo Greek, 1,925 ft., 1; If. mi. N Rio 

Grande Village,- 1,900 ft., 18; Rio Grande Village, 1,850 ft., 

1; Castolon, 2,200 ft., 2 (UK); 3 H Hot Springs, 2,000 

ft., 1 (TIM); HE Solis Ranch, 2,500 ft., 2 (UK); Dugout 

"./ells, 3>$00 ft., 12 (TT)j Upper Tornillo Greek, 2,800 ft., 

6 (TT)| Oak Creek, lj.,000 ft., 9 (TC¥C); Paint Gap Hills, 

3,500 ft.-, 1 (TChFC); Hail Ranch, 3,500 ft., 1 (TCWC); Tor-

nillo Plat, 2,800 ft., 1 (TCWC). 

Additional records (Borell and Bryant, 19ij.2:2ij.): Gano 

Springs, 3th-00 ft., 1; E Base Burro Kesa, I{_,I4.OO ft., ij.; 

Boquillas, 1,800 ft., 3l Glenn Springs, 2,060 ft., 3J H 3nd 

Hariacal Mt., 2,300 ft., 3; Big Bend Rio Grande, 2,000 ft., 

28; Mouth Santa Siena Canyon, 2,100 ft., 6; NE Base Mesa de 
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S Base Chisps I'fts.j (¥amor, 196].;.): Earmold OrravQ, 3,108 ft,, 

2? Rio Grande Village, 1,873 ft., 9. 

Dipodomys may-p i ami. Specimens examined.—-Total, 96, 

from: 5 iai. W Panther -Junction, 3s523 ft,, 6j ij. mi. SIS Pan-

ther Junction, 3,000 ft,, 1; Panther Junction, 3,700 ft., 1; 

3 mi, SI3 Panther Junction, 3/700 ft,, 1; 8 lai. SVJ Rio Grand© 

Village, 1,925 ft,, 7; 6 rai. HW Castolon, 2,3kk- ft., 5 J 10 

mi. HE Panther Junction, 2,820 ft,, 19; Nine Point Draw, 

2,600 ft., 2; Persimmon G-ap, 2,900 ft,, 2; Park Entrance, 

2,825 ft., 3; 1 mi. S Persimmon Gap, 2,700 ft., 1; Lower Tor-

nillo Greek, 1,925 ft,, 7; 19 mi. Sif. Panther Junction, 2,250 

ft., 2; Johnson Ranch, 2,100 ft., !{. (TC¥G); McKinney Springs, 

3,100 ft., 1 (TCV/C); Oak Creek, 3,900 ft,, 2 (TCWC); Paint 

Gap Hills, 3,500 ft,, 5 (TCWC); Nail Ranch, 3,700 ft., i\. 

(TCWC); 2 mi. N¥ Lone Mt., 3,400 ft,, 2 (TCWC); Gastolon, 

2,150 ft,, 1 (UK); 3 mi. N Hot Springs, 3,000 ft,, 1 (UK); 

m Solis Ranch, 2,200 ft., 1 (UM); Chilicotal, 3,700 ft., 1 

(UK); Dagger Plat, 3,450 ft,, 6 (TT); 2 mi. II Panther Junc-

tion, 3,500 ft., 1 (T?); 12 mi. N Panther Junction, 3,300 

ft., 5 (-T); 9 mi. N Panther Junction, 2,800 ft., 3; 4 Mi. 

S Nail Ranch, 3,500 ft., 2 (BB1IP). 

Additional records (Borell and Bryant, 19^2:27): S 

Base Burro Mesa, 3,500 ft,, 3? 1 mi. S¥ Boquillas, 1,850 ft,, 

1; IT End Mariscal Mt., 2,300 ft., 9; Mouth Santa Elena Can-

yon, 2,11+6 ft., 1; II'2nd Mesa de Anguila, 2,300 ft., 1; 

(Bailey, 1905:150): Boquillas. 
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Dioodomys ordii. Specimens examined.—Total, 11, from: 

10 mi, FS Panther Junction, 2,820 ft,, 9; Johnson Ranch, 

2,100 ft., 1 (TCWC); Mouth Santa Elena Canyon, 2,100 ft., 

1 (TCV/C). 

Additional records {Bore 11 and Bryant, 194-2:27): Mouth 

Santa Elena Canyon, 2,ll|6 ft., 2; Big Bend Rio Grande, 2,000 

ft,, 1; Johnson Ranch, 2,100 ft., 2. 

Re 1 throdontorijs fulvescens. Specimens examined.—Total, 

1, from: Green Gulch, 5,000 ft., 1 (UST). 

Additional records (Borell and Bryant, 1911-2:29): Juni-

per Canyon, lj.,800 ft., 1; -Fine Canyon, 4,700 ft., 2. 

Reithrodontomy s megalotis. Specimens examined.--Total, 

37, from: 10 mi. 1® Panther Junction, 2,820 ft., 26; Bone 

Creek Draw, 2,594 ft., 3, Laguna Meadow, 6,700 ft., i|; Green 

Gulch, 5,000 ft., 2 (UST)j Green Gulch, 5,300 ft., 1 (TT); 

Green Gulch, 5,500 ft., (BBEP). 

Peromyscus boylii. Specimens examined.—Total, 58, 

from: Pine Canyon, 5,000 'ft., 1; Pine Canyon, 5,100 ft., 1; 

Boulder Meadow, 5,700 ft., 11; Laguna Meadow, 6,700 ft., 20; 

N Ba'ae Kraory Peak, 7,000 ft., 11; Basin, 5,560 ft., 1; Green 

Gulch, 5,600 ft., 5? Pine Canyon, 4,700 ft., 8 (UST); Green 

Gulch, 5,000 ft., 6 (UST); Green Gulch, 5,700 ft., 1 (UST); 

Boot Springs, 7,100 ft., 3 (TCV/C). 

Additional records (Borell and Bryant, 194-2:32): Pine 

Canyon, 4,700 ft., 5i Green Gulch, 5,000 ft., 0; Oak Creek, 

5,000 ft., 6; Laguna Meadow, 6,500 ft., 2. 
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Peromyscus dlfficilis. Specimens examined.--Total, 11, 

from: Pine Canyon, 5*100 ft., 1; Laguna Meadow, 6,800 ft., 

5,* N Base Emory Peak, 7,000 ft., 1).; Green Gulch, 5,700 ft., 1-. 

Peromyscus eremicus. Specimens examined.—Total, 78, 

from: Basin Campground, 5,560 ft., 1; Pine Canyon, 5,000 ft.,' 

1; Pine Canyon, 5,100 ft., 1; 3 ®i. SK Panther Junction, 

3,700 ft., 7; K-Bar, 3,700 ft., 3; 10 mi. WE Panther Junc-

tion, 2,820 ft., 7; Nine Point Draw, 2,600 ft,, 2; Park 

Entrance, 2,600 ft., 1; Persimmon Gap, 2,850 ft., 1; Lower 

Tornillo Creek, 1,925 ft., 1; 3 rai. SE Panther Junction, 

2,100 ft., 1; 7 Bii. SE Panther Junction, 3,350 ft., 3; SE 

C&stolon, 2,200 ft., 2 (UM); 1 mi. JIB Solis Ranch, 1,900 ft., 

5 (UM); Dagger Plat, 3,450 ft., 8 (TT); Panther Junction, 

3,700 ft., 6 (TT); 13 mi. N Panther Junction, 3,^00 ft., 2 

(TT); Sotol Vista, 4,000 ft., 5 (TT); Blue Creek Ranch, 

5,000 ft., 1 (TT); Mouth Santa Elena Canyon, 2,100 ft., 1 

(TCWC); K-Bar, 3,700 ft., 6 (UST); Hail Ranch, 3,500 ft., 2 

(TCWC); Paint Gap Hills, 3,500 ft., 1 (T'CWC); Wilson's 

Ranch, 3,500 ft., 1 (TCWC); Green Gulch, 5,000 ft., 1 

(TCWC); Burro Mesa, 3,000 ft., 1 (TCWC); 1 mi. W Grapevine 

Hills, 3,100 ft., 1 (TCWC); 2 mi. W Lone Mt., 3,lj-00 ft., 1 

(TCWC); Mouth Green Gulch, 5,000 ft., 2 (TCWC); Tornillo 

Plat, 2,900 ft., 2 (TCWC); Government Springs, lj.,000 ft., 

1 (TCWC). 

Additional records (Bore 11 and Bryant, 19^2:29-30): 

HB Chisos Mts'., 3,800 ft., 3; Tornillo Plat, 2,800 ft., 2; • 
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N Base Burro Mesa, 3,000 ft., 1; 3 Base Burro Kesa, 3,600 

ft,, l|j S¥ Boquillas, 1,850 ft., 2; Glenn Springs, 2,060 

ft., Ij.; N End Mariscal Mt., 2,300 ft., 2; Big Bend Rio 

Grande, 2,000 ft., 12; Mesa de Anguila, 2,1J..00 ft., 2; Pin-

nacle Springs, 2,800 ft., 3; Mouth Santa Siena Canyon, 2,146 

ft., k; (Bailey, 1905:101): Boquillas; (Osgood, 1909: 2l|..2): 

Boquillas. 

Peromyscus leucopus. Specimens examined.—Total, 11, 

from: 5 mi. SV7 Rio Grande Village, 1,850 ft., 11. 

Additional records (Bore11 and Bryant, 19^2:31-32): 

S Base Burro Mesa, 3,500 ft., 1; 1 mi. SW Boquillas, 1,850 

ft., 5; Big Bend Rio Grande, 2,000 ft., 2; Johnson Ranch, 

2,060 ft., 3. 

Peromyscus maniculatus. Specimens examined.--Total, 9, 

from: Johnson Ranch, 2,020 ft., 2; Bone Creek Draw, 2,594 

ft., ij.; Big Bend Rio Grande, 2,000 ft., 1 (UM); Mouth Santa 

Siena Canyon, 2,100 ft., 2 (TCWC). 

Additional records (BorelT and Bryant, 19^2:31): E 

Base Burro Mesa, 3,500 ft., 5; ^ Snd Mariscal Mt., 2,300 

ft., 1; Johnson Ranch, 2,060 ft., 1; (Bailey, 1905:97)* . 

Bone Springs; (Osgood, 1909:86): Bone Springs. 

Peromyscus pectoralis. Specimens examined.—Total, 111, 

from: Green Gulch, 5,700 ft., 1; Juniper Flat, 5,600 ft., 

1;'Boulder Meadow, 5,700 ft., 6; Upper Basin, 5,500 ft., 

2; Pine Canyon, 5,100 ft., lj.3; Laguna Meadow, 6,700 ft., 7; 
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ll± (UST)j Green Gulch, 5,000 ft-, 20 (UST); Green Gulch, 

5,300 ft"., 1 (TGWG); Boot 3prings, 6,800 ft,, 11 (TCWO); 

Pine Canyon, 5,300 ft., 1 (TGWG); Oak Greek, lj.,000 ft., 1 

(BBNP). 

Additional records (Bore 11 and Bryant, 19lj.2:33): Chi-

sos Mts., 5,100 ft., 1; Basin, 5,100 ft., 7; (Osgood, 1909: 

165): Chisos Mts . 

Onychomys torridus. Record (Borell and Bryant, 19l|2: 

28): Gano Springs, 3,̂-1-00 ft., 1. 

SIgraodon hispidus . Specimens examined.--Total, 2k-» 

from: 5 Slv Rio Grande Village, 1,850 ft., 2; 10 mi. ftiE 

Panther Junction, 2,820 ft., 26; Bone Springs Draw, 2,59i| 

ft., 5; Grapevine Springs, 3#000 ft., 1 (TGWG). 

Additional- records (Borell ana Bryant, 19ij.2:3̂ -): Big 

Bend Rio Grande, 2,000 ft., 3l Johnson Ranch, 2,060 ft., 1. 

Sigmodon ochrognathus. Specimens examined.—Total, 

58, from: Laguna Meadow, 6,700 ft., 10; Pine Canyon, 5,100 

ft., 20; Juniper Plat, 5,600 ft., 3; Boulder Meadow, 5,700 

ft., 1; Green Gulch, 5,000 ft., 5 (UST); Green Gulch, 5,600 

ft., 6 (TGWG); Laguna Meadow, 6,700 ft., 3 (TGWG); Boot . 

Springs, 6,800 ft., 3 (TCWC); Laguna Meadow, 6,500 ft., 3 

(BBNP); Boot Springs, 6,800 ft., 1 (BBIIP); Ghisos Mts., 3 

(UK). 

Additional records (Borell and Bryant, 19i|-2:3̂ !-): Pine 

Canyon, i|.,700 ft., 7# laguna Meadow, 6,500 ft., 10; (Bailey, 

1905:118): Ghisos Mts .; (Maimer, 196!}.): Panther Pass, 

5,700 ft., 1. 
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Hegtoma albigula. Specimens examined.—Total, 3.06, 

from: Green Gulch, 5?£00 ft., 1; 1 mi. N Panther Junction, 

3,800 ft., Ij Green Gulch, 5*300 ft., Ij.; Green Gulch, 5*000 

ft., 1; Green Gulch, 5*700 ft., 2; Basin Campground, 5*5&0 

ft., 26; Pine Canyon, 5#000 ft., 6; Pine Canyon, 5*100 ft., 

3; 3 rci. S3 Panther Junction, 3#700 ft., 8; Juniper Plat, 

5,o00 ft., 9J Boulder Meadow, 5*700 ft., 3k-> Laguna Meadow, 

6,800 ft., 2; Laguna Meadow, 6,700 ft., 2; Panther Junction, 

3,700 ft., 2; Boot Springs, 6,700 ft., 1 (TCV/C); Pine Can-

yon, 5,300 ft., 1 (TCWC)j Green Gulch, 5,700 ft., 1 (TCWC); 

Panther Junction, 3*700 ft., 1 (B3NP); Green Gulch, 5*100 

ft., 1 (BBNP). 

Additional records (Borell. and Bryant, 19^2:36): E 

Chi a os i-Its., 3*800 ft., 1; Green Gulch, 5*200 ft., 1; Basin, 

5,200 ft., 2; Oak Creek, 5,000 ft., 1. 

Neotoraa mexicana. Specimens examined.—Total, 2)4., 

from: 5 mi, SW Rio Grande Village, 1,850 ft., 2; 8 mi. SW 

Rio Grande Village, 1,925 ft., 5i Johnson Ranch, 2,020 ft., 

6; 6 mi. NW Castolon, 2,3kb ft., 1; 10 mi. NS Panther Junc-

tion, 2,820 ft., i|_; 13 mi. SB Panther Junction, 2,100 ft., 

3; 19 mi. SW Panther Junction, 2,250 ft., 3* 

Additional records (Borell and Bryant, 19^2:35): N 

Base Burro Mesa, 3*500 ft., 2; Glenn Springs, 2,060 ft., 1; 

iT End Mariscal Mt., 2,300 ft., 2; Big Bend Rio Grande, 2,000 

ft., 2; (Goldman, 1910:29): Chisos Mts.j (Warner, 1961}.): 

Rio Grande Village. 
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