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In the southwestern United States Lhews is a dolipcave
balance hetween the existing grasslands and the rodent
favns., The purposs of Liils investigation was to delacwdng
the influence of gecondary successicn of nabive grasalands
wpon the ecelozy and distribubtion of small wodonbts, Two

dg o determining the rodent species were plob guadyrasies

Traps.

Hanitsets, reproductive conditions, elevational eflrfzcta,
pdephie prelerence, ryicies interaction, and ectoparanibes
of %the =mall rodentd wors sbudied betwsen Jvne, 1969, and
fune, 1971, In Big Bend National Pariz, Texas., Rodents wers
captured in thres different planc formaticns. Grasslsndy
Degert Shrub, and YWoodland forwationag, in that owvder, cone-
wained the greatest to the lovwess spscics diversity.

i

eivutlonal relztionshic of rodenbs Lo plant

Teoramoions was anslyzed using the resesmblunce sgunacion,

n n . .
X =y = 1. Compariczon of grasszland to desert shrub anad

uasdiand cosmanities yislded similar values, 0,05 sad 0,413,
mediate In position geo-
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higher elsvalions and &y goscliss Tvowm lowse sisvablions in

.

v Desgert Shrub Tormation,

%

Uhe Desert Shrud and Wocdland [lorwstions had only one

spescies (Ammosvermonhilus inberores) in comion., The con-

tragt bevween the two fopaationsg wis evidenl in 2 simileri
value of 0,06, The digsinilarcity value (0.9} appeoached
one and indicated not only wodent species! adapbation to
e¢daphic and Ploristic patiterns, but also geograghic igolation
of the Degert Shrub and VWocdland feormabions. Th2 contrsst in
floral and faunal composition of the three plant formations
nrecluded eguilibrium of rodent species.

athus peni-
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loovora micropus,

Di nodoz.r‘s ma:c‘m.e mi,

.

cill Ftws, and Peromyscus erenlcus attained maxirmm abundance

in the Lesert Shrub Jormatlon., Sigmodon higpldug, Poromyscus

P et .-

78 riggalotig, and Peropyscusd manlou-
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vne*’*?**ia:ali s Roithrodontor
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lotus preferred gragslends while ?efomzfﬂns boylii,

Teromyscusd pectoralig, Neotoma albicula, and Sigmodon ochrog-

cormeon In woodlands,

Specimens wers collected between 1,850 and 7,100 fe est.

Only one gneciles, Svewmophilus variepatus, was recorded fronm

sach clevational interval, Speclies diverslily weas greabest
netucen 1,350 and 5,500 feet. Hoberonyld rodents wore abun~
dant at denert elevations, while cricetid rodents were more

nuaerous 1 ths elevational range of the grassland and

oodland,



%upﬁrablonca were &vid

Spermophilus, and Yeud

S A

Winter, fall, and early spring vers periods of high

reproductive activity, while late sprineg wud early summer

e wodent Specles

welve gonera and 21 apecies, four which are new specles,

of chiggers (Family Trombiculidae) were sollected from 19
rodent species. Definite trends were ovidenc in hest habitat
preference and chigger ectoparasites, Desert shrub-,

grassland-, and weodland-inhaviting rodent specles exhibited
similiar papasite gpecies,
Small mapmal hebiltats have bheen destroyed on an ever

ineweasing scatle by the encroachmend of man., It is necessary
not only te determine how wmuch stress can be placed on the
bzlance of an ecclogleal aasociabtion, but also the capaclty

v extent of rreovery when stress is removed and succession

alioued to procesd., This basg been the case in Big Bend
national Pawk, Through sevsye overgrazing of grassland, the

Py

acological balencs that had existed for cenbturies wag dise
ruphod, Now recovery nag begun and is in initial stages.
Thiz sindy wiil Torm the Joundabion through which succession

t0 a retuer of the native onvivenment can be sbudied for
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CHAPTER 1
INTRODUCTION

The Problem

In the southwestern United States there is a delicate
balance betwcen the existing grasslanda and the amounv of
ennual precipitation. Since rodents are dependent upon the
grassiand and other exisbting vegetation for existence, any
gerious digturbance in the ecology of the grasslands would
certainly have an effect ﬁpon local populations, VWhen Big
Bend Mational Park, an areca of 708;281 acres or 1,100 s¢guare
miles, was established in 19lli, the area had been subjected
to 50 years of severe overgrazing by domestic livestock.

Tyo effects were number reduction and range regtriction of

the pronghorn {Antilocapra americana}, javelina (Tayassu

Egjggg), mule deer (Odocoileusa hemionus), and white-tailed

deer (Odocoileus vipginisna) (Borell and Bryant, 190.2). Ap~

parantly the black bear (Ursus americanus), gray wolf (Canis

i

[ fEvs

park between 1900 and 1930 {Borell and Bryant, 1942). The
larger predators disappeared as the large herbivores died or
migeated from the park area. There are no records concerning

the impact of overgrazing on the rodents, bubt it is probable
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that they were afflfected o a greaver exﬁent than were Lhe
larger mammsls,

Increased interest in the Chisces MHountains in 1936 and
1937 prompted the National Park Service to support a aeries
of investigations, These were of the biological survey type
where both the flora and fauna of the region were gstudied.
Johnson (1926} and Smith {1937) reported on the wildlife of
the proposed park. Marsh (1937) conducbed a survey of the
Santa Rosa and Sierra del Carmen Mountains of noethern Coa-
huila to the south of.the park area. Borell and Bryant
(1¢)42) published the first gensral study of the mammals of
Rig Bend Hational Park, Distributional and ecological data
were pfesented, but the sbtudy was Tfar from comprehensive,
Their research revealed the envirconmental restriction and
smz1l populations of the rodents, Taylor, McDougall, and
Davis (194)1) made a general ecological survey adding to the
information on mammnals. rDenyes (1956) investigated the veg-
etational wvelationsnips of the small mammals.

Other marmal surveys were conducted in the Big REend re-
gion by Bailey (1905}, Blair (19,0), Blair and Hilier {19h9),
Hermann (1950), Tamsitt (195l1), Dixon (1958), Judd (1967),
and Basterla (1968, 1970). Judd (1967) commented on Denyes!?
study and suggested.that there is presently insulficient
deta on the distribution of small mammals in the park; A
further review of the literature demonsitrates this fact.

The Borell aund Bryant study is outdated, and Denyes, who
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concentrated on ths. desert lowlands, prasented 1ittle infor-

o
o

nation on the mountalinosus zreas of the park,
It has been 25 years since the removal of the domestice
livestock. The purpess of thig study wes to investigate the

impact of the secondary succegsion of the native grassland

 aatd

upon the ecology and disteibution of the rodents in Big Bend

Netional Park. This involved the securing of breeding and
reproductive data, vegetabtioral relationships, altifudinal
effects, species interacticns in overlapping or inbterface
areag, btaxonomic data, and ectoperasitic information.

The hnabivats of small wmammals have been destroyed on an
ever Inereasing scale by the encroacnment of man, It is nec-
essary not only to determine how much siress can be placed
on the balance 'of an ecological asscciation, bui alco the ca-
pacity or exitent of recovery when stress is removed and
succegsion allowed to proceed. 7This has been the case in Big
Bend Natlonal Park. Uhrough severe overgrazing of the grass-
land, the ecological balance that had exisited in the perk for
cenburies was disrupted. low the healing kas begun and is in
iss firgt stages. This study will form the foundation through
which succession fo a return of the native environment cén be
asudled for years, There are very few instances where the
gcology of an area has Leen so destroyed, yet later allowed

to mepair ltsgelf,



The nawmes of placesd mesnuicned in the prescnt paper are

listed below. The spproximate Iccabion of each nlace in the

park is given in Pig, 1. 4 more exact locaSion can be ob-

Lo
tained by referring to the topograviiec map of the Chises
Hounteins quadrangle, 1905 edition, of the United Stabes Ge-

clogical Survey.

PASIN (1HE), 5,000-5,5600 feet--head of Ozk Cresk

B1TA GB“ﬁK --gouthire t alone of Chisecs Mountalins

BOKE SPPITG DRAW, 2,59 feet--four miles south of

rersimaion Gap

EQ“UXJLaS 1, 800 fget--canvon on Rio Grande River

ROULDER HEtDﬁw, 5,700 fest--northeast base of Brory
Pealk

BURRO IS4, un bo L,L00 feet-~wsst base of Chisos

CASTOLOY, 2,100 fest~~village on Ric Grande River

CHILOGCOT iL HOUHT‘LW, h,20l feet--east base ol Chisos

CHISCS MOUNTAINS, height to 7,035 feeb-~largest
range in the areca

DACGER FLAT, 3, 500 fest-~northeast Chisos FMounbtains
HEORY PEAK, 7,035 feet--highest peal in the bh¢sos

cAIl0 SDREWC, 3,400 fest-~north hage of Burro les

GLERIN SPRIEG, 2,606 feet-~southeast base of thSOS

HOT SPRTHGS, 1,900 feet-~on Rlo Grande River at
monch of ornlllo Creek

JCHHSCH RANCH, 2,060 fb€u~m1003u8d on vig bend of
Rio Crande

JUNIPER Fraw®, 5,600 feet--noritheast bage of BEwory Peak

JULIPER LHMYON, It,000-6,G00 fest--on east slope of
Chigos :

d

i

¥~BAR, 3,700 feet--three miles east of Panther Junction

LPGTHﬂ VHJJUJ 6,700 fest--mwest base of Emory Peak.

Lo h,13? feet~-nzar norsheast base of Chisos

1&2Tou‘L ;UUwTAIF 2,100~ 3,9&0 feet-~~-southeast of Chisos

MESA DB ANGUILA, up to 3,08L feet-~-north of Santa Elena
Janyon

NINE POINT DRAW, 2,600 feet-~five niles west of
Pevasimmon Gap
i 110, 3,700 feet--north base of Chisos
2,970 rfeet-~northiest point of the park

; $500-6,C00 feet—~northeast glope of Chisos
RO8TLLOS HOUHTATNS, up to 5,420 feet~-north o10 Chisos
Bqﬁ VICENTE, 1,880 Tfeet-~village on Rio CGrande River

u,%Pﬁst 01 LNifos
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TOBOSA FLAT, 2,000-3,000 {Tect--wegt of lariscal
Hountain '
TERLITHGUA CREYE, ~~zouthwest of Chiscs lowntains

TORMILLO CRBER, --norith and esant of the Chisos

i1als and Msethoda

Tt

ater
Ons hundred aluminum Skerman live Itraps, nine inches

1ong,‘three inches wide, and three inches high, baited with

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

daily before $:00 a.m, 3Zach trapline consisted of 25

a

tationg, 25 feet apars,at which one trap was placed for
three consecubive : ights, Thus each trapline consisted of 2%
traps along 2 line 00 feet long. This procedure is a wmodi-
Fication of The "Calhoun line! which is widely used in
gurveys of relative abundance (Calhoun and Casby, 1958).
Lines were gebt parallel to natural physiographic features

suen as streams or ridges o Lhrou the middle of vegeta-

When selecting a study area, one assurpbtion made wes
neve was an even distvribution of memmals in the arog--

whig 1s =zeoldeom The case, ZLny sampling method will have its

[

digadventages sven in an extensive and uniform type of habi-

ain 18 not uniform it becomes even

[
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o
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mere susespiidle to errvor (Dreke, 1958)., MHueray {1957) dis-

~
Lo

sned mesali menmal distribution in babitats which, because
of thwizr leck of unifcrmity, created sarmling problems. e
showed thzxt in three.are2s of this fype, there was evidence

that the wovoment and dilstribution of small marmals was



f
influenced by the habitat go that a samﬁle woild he biased,
ar 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 WNatioral Park
(290, CO0t to 200, Lot 1 latitude) from August, 1969, to June,
1971. A total of 1,329 specimens was collected. Lineaf
body msasurements in millimetérs were odbtained 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 nocted, The number of enbryos and an average
crown~rump length of each enbryo were recorded for pregnant
femsles.

Statistical analysis using the "Resembplance Equation®
(Preston, 1962) to test for a break between faunistic homo-
genity and heterogenity was used in analyzing distribution.

Ectoparasites wers obbained by individual removal with

forceps and by combing the fur.
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environment of Loday, Vast canyons have been cub through
uplifted mesag; gsoluble materials have been dissclved and
sends, gravels, and smaller rocks have been carried away by
f£lcod waters forming arroyos, bssins, and wide plains. (on-
currently the moee resistant rocks were left as p=aks, high
ridges, spires, mes&s, and eliffs (laxwell and dDietrich,
1965)., Thus, uﬂPOLFQ a combination of many geological Tor~
ces such as gedimentation, volcanism, wsather changes, and
erosion, the 3ig Bend area has become an area of rough land-
scaps and arid desert}

During the ippalachian 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 Cretaceocus
period) the main geologic uplifts occurred in southuesiern
Texag (Udden, Baker and Bose, 1916). Tt wags during the

ramide Revolution thet the Rocky Mouvnbtain systenm and the
Mexican Sierra Madre ranges were formed. The Big Bend coun-
try lies between these two major mountain ranges, but the
Chisos Iountains are not as high a2s either the Roclklies or
Slerra ladre ranges., During the Tertiary period aﬁd the
Pleistocene epoch, igneous rock waz intruded into the sedi-
mentary deposits of the Lower Cretaceous limestones. TUnable

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

=

ike masses prescent in numerocus peaks of the Chisos Mountains.

Bxtrusive deposits of ash and lava are present in the Cerro

Cegvelon area of the park.
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The Chisos Mountains and ﬁufﬁmunﬁiﬁg smalier'pea?s are
isolabed elements ol volceniec oprigin, coiposed primaeilly of
various introusive and sxbrusive igneous rocks, This is in
contrast to surrounding ranges which are predominantly
limestone.

he Chisos HMountains arise nesr the center of a struc-
tural Trough. 7This irregularly shaped graben averages IO
miles in width. The floor's flafness, planed by erosion
ju t arfter the Cretaceous parioed, is bouﬁded by the Santiago-
Sierra del Carmen Mountains on the east and the Mesa de
Apgulla and the Chrigtmas-~Rosillos Hounthiné on the west.

Heathering and wabter ercsion cerved thé castle-like
formetions of many of the mountain tops, the mesas, and the
deep canyons. -The mountain slopes are usually steep and
strewn with bounlders and talus. Igneous rim-rocks are ex-

vosed frequently in the vertical, high cliffs on the lower
flat-topped mountaing, whereas the highest peaks are coni-
cal in shape forming a complex system of ridges. lumerous
gorges and gaps ha%e 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 resnlbted in a naze of
gulliea, rock outcrops, butfies, small messs, long linear

idmes, cuestas, and nognacks, forming & badlands on the
£ > b4 2 D

s
i3

lain., Rocks are clay end shale with alternating layers of

a3

gandstone. Drainage from the mountains dascends 4o the
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lowlands by & svshen of canyons Leading vlibimately bto the
oS, v J »

-. .

Rio Grande by way of several iajor, iantermitiently flowing

creeks.

Soils
Cavter {1928, 1931) and Denyes {1956} discussed the
physical and chemical characteristics of the Big Bend soils.
The soil and vegetational relationships were reported by
Carter and Cory (1932)}. 'Uhe soils are generally coarse as

is typical of desert and seni-desert areas. 4 na jor poriion

172
e
o]

of the surface sedimentis o gravelly outwash composed of
i neous and caleareous debritus., At ui k er elevations on
the mountain slopes, rocks and boulders are more abundant,
end the soil ia increasingly coarse and varied, Censrally,
soils in the mountalins are very shallow, open, and well

D) B

drained, with the drier slopes supporting semi-desert and
desert vegetations., Pockets of Torest humus have developed
loeally in the high Chisos and the lower forested canyons.
Denyes (1956} divided the soils into two groups--iHighland

and Lowland, The highland soils ars characterized by their
shallowness and & basic or acid reaction. The Rio Gra:de
floodplain and some of the larger creelks have desep deposits

Ll N

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



ot
NI

ol
o
(.1.
v
o

These soils are friabls, doep, {ius, suady loams, subkj
frequent flooding.

The gr <velly loam soils of the basins belong Yo the
Reeves series, This soil t};e contains little hwims and dom-
inates on the desert plain,

The gravelly lcam of the Reagan series occupies an albti-

s

tudinal range of 32,500 4o 11,500 feet on the lower grassy
8lopes of the foothills., Here thoere is an underlayer of call-

che with a s8ix to ten inch layer of surface soil,

Betor series solls are found at the sawme elevebliong as

0]

the Reagén series, These are sandy loams with a silt and clay
nixture.

The golls of the Zreuster series are located in the
hirhest mountains. Although sparse, these solls usually heve
a2 high hwaus content due to the leaf litter. In many places
this fine, sandy lozm is found only in crevices and
depragssions.

Big Bend Hational Park has been subjected Lo gever
overgrazing since the late 180018, As a result, sheet erosion
nzs removed mwceh of the original topsoll from the area. Thne
goil has been undergoing a rebuilding since 1SL5, when live-

stock grazing ceased,

Clinate
The climate of the park varies from arid to seni-arid,
and the dilferencsess are & result of elevation., “horanthwaite

"(1948) classified the climate of Big Dend Fational Park as



B Brd, This is an arid, nesothsimal climate, deificiant in
orecipitaticon throughout the year. Sualight abundance is
evident in the average yearly itewperature, which is 68° F,
with a range of -8% 5o 118° F. ‘he temperature rugt fre-
guently exceed 120° 1 at the low olevations south of the
Chisos Mountaina during the summer, but no data are availw
able for this area. Days are longest and the intenszity of
the sunlight greateat in June and July. Diurnal fluctuation
is great. Dally variations in alr temperabure of more than
300 F, as well asg soii—ﬁemperature variations of ?O0 F, are

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

tures in the higher mountain arsas (Fig. 2) are about five
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. Fig. 2--Monthly temperatures and precipitation for the
Bazin, 5,300 £t. (Compiled from records 1947-1966. Big Bend
Mational Park}.
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degrees 1sss bhan those on Bhse mounbain slopes {Panther
Junction), while the tsmpersturss along the Ric Grandé avef-
age.five to ten degrees higher bthan those recorded at
Panther Junction.

Precipitation is erraitic throughout the park. The lower
elevations surrounding the Chisos Mountains receive a total
annual rainfall of less than 10 inches; the mountain slopes
(Panther Junction) at an elevation of 3,700 feet averagé 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, Mogt of the
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Fig. 3-~-Monthly temperatures and nrecipitation for Panther

Junction, 3,700 ft. (Compiled from records 19,7-1966, Big Bend
National Park). '



rainfall is nczsuvred duvring lote swiver end early fall., Fre-
cipitabion other than rvainfall cocurd og snow in the higher

Chigos Mountains.,

Blair (1912) assicned the Big Bend of Texas to the sub-
tropical belt of high prassure wiich vroduces xeric climates

around the entvire world. The center of high snressure over
the Great Basin produces moisturee-deficient imrinds from The

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

Arizona causeg an influx of easterly winds from the Gulf of

54

-

fexico in the summer, hut the winds lose wost of their mois-
ture due %o ﬁassage over a vast expanse of wavrer earth,
Yowever, enough noisture remaing, and the upward movement oF
the alr mass as 1t reaches the Chisos Mountalilns causes con-
densation and precipitation in the swwer (Juller, 1937).

During this veriod approximately three-fourths of the annual

x

The Chihushuan Zesert
The Chilhushuan Desert is segparated from the Great RBasin,
liohave, and Sonoran Deserts by the high plains in south-
weshbern lew Mexico, and the Sierra iladre Cccldental in |
western Chihuahua, The Chihuashnan Desert is the second lar-~
gest degert in Iorth iAwmerica. IV includes pari of eastern
Mew Iexico and western Toxas adjzcent to The Rio Greor the

lower valley of the Pecos dlver, The eastern half of Chihuchua,

the western half of Joahuila, and parts of Iwrango, Zacatecas
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iuevo Leon, and San Luilg Pebosi (Fig. 1}, In Texas an area
of some 19,000,000 acres is included within the Chibunahuan
Degert.

Tais desert is chorecterized by a mountaln-basin Topog-~
raphy. The e¢levation veriss from a low of 1,800 feet along
the Rio Grands iﬁ Big Bend Hational Park to over 8,000 feet

n the Devig Mountalns of Texas. Hearly half of the Chi-

e

wahuan Desert is over 11,000 feet in elevation., Hard
gravelly surfaces cover the majority of the desert. Lime-
stone is more abundant than in the other Horth American

degerta,with limestone soi

b=t

s occupying the greatest tobtal

arge expanses o igneous goilg with some

&
L)
@
)
o
5
0]
:J
o}
0
H
(0]
=

agolian and alluvial sandy soils,

Fly

localized depcsits o
Closed bhagins of several square miles in area are covered by
extensive alkaline flats in Chibuahua and Durango.

Low reinfall and hunidity, high evaporations, and a
marked diurnal bemperature variation characterize the eli-

hJ

mate of the Chihuwshuan Degert, The average annual
precipitation is usually 10 inches or less. In the undrained
basing of Coahuila the average is three inches. It is only
on the mountains and slopss that rainfall exceeds 12‘inches,

as gome mountaln peaks probably receive between 20 and 25

Je

b

inehesd annuelly. Sureeer rainfall is common, with 65 per cent
to 80 per cent of the tobal annval rainfall being received
betucen June and Sevtember (Shreve, 1942). Because there is

usually 1ittle clouvd cover, cemparatures rige rapidly during
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Pig. l~~Map of the Chihuashusn Desert (from "The North
American Deserts" by Bdmund C, Jaeger. Sbtanford University.
Press, Stanford, Californias, 1961}.
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the day, but radiation cocliing =t night.may reault in a di=-
urnal temperature range of 50 degrees or more. Swmer
temperatures in excess of 100° 7 are not uncommon. At de-
sert levels moderate froasts occur in the winter, with more
severe temperatures and light snows above 5,500 feet.

Elevation, tupography, soil, climate, and other various
factors affect plant distribution and cause a variety of

florigtic associations, OCreogotebush {Ilarrea divaricata),

tar bugh (Flourensgia cermua), sotol {Dasylirion leiophyllum),

lechuguilla {Agave lechesuilla), and ocotillo {Fouglieria
splendens), ace indicative of the desert plains. The higher
elevations ere characterized by an assorbtment of pines, oaks,

junipers, and a wvariety of grasses.

Vegetation

The geological processes forming the wmountaing, the
weathering and ercosion reducing both the highlands and the
lower slopes, 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 belvs that are dependent on the altitude, rainfall,
and local air currents. Forests are present on these moun-
tain tops where moigture iz avallable, but others, with
munfavorable enviromment, are barren., Vegetation is poorly
developed on the ercded lowlandsg, where temperatures are nore

gevere and rainfall i1g minimal,
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Big Bend kaitlonal Park lies within .‘bhe Chihuahnan Biotic
Province (ee, 10h3; Hlair, 1650). This province coincides
to some extent with the Chihushuan Desert and the physical
and climetic featurss resemble those previously described for

the Chihushuan Pesert. The park arsa was assigned to the

Creo30t
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thern Degert Shrub) region of the United-
States by Shentz and Zon (192l). ‘“Tharp (1928) described the

2otol-Lechugulilla and Mountains reglions of Texas to encompass

the park avea. Davis and Robertson (19hl) recognized the
hihvabhuan bietlec province, but the usage of the term
Ppovince' in their publication conformed to a greater extent
to the 1life belts concept of Dice (194.3). York (1949) desig-
nated the park arsa to the Rio Grande Basin district and
Denyes (1956) defined the Chisos biotic district of southern
Erewster County. The last roseércher to define a large vepe-

tationzl unit was IMilstead (1961), describing the Big Bend
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iotie district of Denyes and
the Big Bend biotic district of Milstead are quite similar.
The district is distinguished, primarily, by an gbundance of
creosotebush associated with tarbush, nesgquite, oootillo,
prickly pear, sotol, and lechuguilla. Lower Sonoran, Upper

Sonoran, and Transition 1life zones are represented hy the

(o)

flora of Big Bend Mational 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 scology.
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Many of these floristic atudies were combined with infor-
mation on the fauna, The majJority of the early studles Wers
centered on the Blg Bend region and not on the pérk itsgslf,
Pailey {(19C5) reported the firgt basic information on the
flora and fauna. Bray (1901, 1905, 1906) extensively deo-
scribed the desert vegetation of Trans-Pecos Texas. Palmsr
studied the vegetation of the Chisos MHountains (1928) and
the Davis Hountaing (1929)., <Carter and Cory (1932) inves-
tigated the soil-vegebtation relationship. The flora of the
Alpine area wss reporfed by Cobitle (1931, 1932). IMuller
(1937) described the vegetation of the Chisgos iounbains. A
checklist of the plants in Drewster County was published by
Speryy énd Warnock (1941}). Hinckley worked in the bavis
Mounbains (i@&h) and in the Sierra Vieja (1947). The vege-
tation of the Class MHountains was disclpsed hy Warnock
(1946). A semitechnical guide to the plants of Big Bend
Park based on Sperry's earlier works (1938, 1941) was pub-
lished by leDougall and Sperry (1951). Anthony (1954, 1956)
investigated the Opuntize in the Big Bend. The affinity of
the Big Bend flora to that of the Chihushwvan Desert-in
northern Hexico was examined by Shreve (1939, 1942},
Le Susur (1945), and Muller (1S947). Denyes (1956) detailed
the life belts of Big Bend Tational Park and thelir asgsoci-
ationg, A recent sihudy by Warnock and Kitbams (1970).
defined the plant formations and their agscciated comﬁuni-

Y

ties in Big Zend Fational Park.
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The cowmunity structure of the plants in the park has

3J

baen analyzed in six reports., orell and Bryant (1942} de-
scribed four dlstinet associations~-River Bottom, Desert
Flat, Lower Féothill, and Chisos dHountains Proper. Their
~enalysis of the vegetation was gensral,

Taylor et al. (194)}} delined five plant communities
(biomes). These were the River #loodplain, lesert Shrub,
Sotol Grass, Woodlarnd, and Forest blomes. Theirs was a gen-

ral ecological survey, bul was much more comprehensive than
the study of Borell and Bryant (1942).

| HFour general plant communitles vere outlined by

FeDovgall 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 dessrt grassland comxnmity were chine grass and sotol,
occupying the lower slopes of the Chisos Hountains. The mid-

dle 2

o

S upper slopes of the Chisos were locations of the
vinyon- juniper-oak woodland. The nesophytic species of the
high mountalins were placed in the ponderosa pine-Douglas fir-
Arizona cypress forest. Denyes (1956) used natural
terrestrial communities to depict three 1life helts. The
listed life belts were the Desert Plains, Foothills, and the

incinal, with each being divided into a mumber of ¢ %soclawlons.

The Desert Flains life belt was charvacterized by typiecal

2]

Chinuvehuan Desert species (LDenyes, 1956; Shreve, .1942). The

Degert Plain extended from the Rio Grande River floodplain to
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eporoximately 3,500 feet elsvatilon, Scatiered luslh growith
was supporied by alluvial dzposits along the rivere,

The Foothills life belt assceiations ware found on the
nountain ranges and low hills Trom clevabions of 3,500 to
1,500 feet, In this area there wag a Tloristic intergrading
of desert forms and gragsland species. The conditions for
grass on the slopes were 3uperior to the desert plains.

The stcep slopes, bhagins, and canyons of the upper
Chisos at elevations between 1,500 o ?,835 feet were char-
acterized by tree growth and grassy meadows. This mesophytic
environment wes included in the Encinal life belt.

Gehlbach (1968) discussed the Tloristic asgpects of the
Chihuvahuan Desert and Chisos Mountaing. The vegetation in a
broad belt from the Grapevine Hills up Green Gulch to the
Chiisos iountains 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, fhe vark wag divided into seven vegeta-
tional formaticns, but the continum of the vagetation,
because of the unigueness of the specles, did not exhibit a
clear replacement of one speciles by znother. There were
distinetly different aréas of abundance and different distri-
butions, The dominant species were shrubby leaf-succulent

0 semi-succulent species, The seven formations were the



Degert Shrub, Chihuvahuan Dessri, Dossert Grassland, Hountain
Graggland, Evergreesn Woodland, Deciducus Yeodland, aud the
Coniferouys Foreat,

T 1955 field bobanista from Texes A& University ea-
tablished more than 100 plots in the park. Research was
conducted by Barton H. Warncck, and resulits of the vegetsa-w
tional analysis sincé 1955 have resulbted in a new vegetational
map {Fig. 5} of Big Bend Wational Park (Warnock and Kittams,
1970). Thres plant formations {Desert Shrub, Grassland, and
Woodland) werc define&. The Degert Shrub formation containsd
three commnities~-lesqguite-Giantroed, Creocsotebush, and
Creosotebush-Tarbush. The Chino grama--Lechuguilla,
Chinogréma~Blackgrama-8kelotonleaz goldeneye, Chinograma-
Candelilla, Hechita-Chinograma-Sotol, Grama~Jotol, and Giant
Dapger-3otol comnunities composed the Grasslend formaltion.
The VWoodland Tformation contained semi-arid to mesovhyiice
plant comrawnities (iMexlcan Pinyon-Cak-Juniper ond Ponderocsa
Pine-Douglas Fir). This is the most acciuwrate vegetational
analysis of the park., The mammalian~flopistic relationships
will be defined using this nmodel, |

A number of fauvnal studies algo mentioned bthe vegetation
of' the area studied. These sre Blair (13L0), Borell and
Bryant (191L.2), Tinkﬁam (19418), Blair and Miller {1SL9)},
Jameson and Plury (1949}, Phillips and Thornton (19@9);

Thompson (1953), Tamsitt (195h), Milstead (1953), Zaler (1956},
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dnton (1958), Milstead (1961),

L\
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Axtall (1959), Denyes {1955
and Degenhardt (1966},

is was previously nobed, the Blg Be nd arca has undergone
a series of changes through geologle history. Vepetationally
s Pleisbtocene influence can be recognized in the park. In
the Pieistocene, or "glacial" epoch, the cooling trend which

nad begun in the Oligocene cpoch led ©o the formation and’

n hi her latibudes toward

fdn

slow sPread of lowland ice sheels
1ower latitudes (Doprf, 1960). 4s the ice sheets spread
southward from central Canada, a glaclally induced climatic
change occurfed in the United Statea. There is evidence of
subarctic plants and animels far ©O the south in Yorth
samerica. Occurrences of norithern spruce and fir are found in

the lowlands of norbhern and central Florida, goubh-central
Toxas, northern Oklahoma, and soub aﬂrn Kansas (Deevey, 1949;
Davis, 19li6; Fotzger and Tharp, l9h7). The evidence confirms
that the northern forest belts migratéd over extensive dig-
tunces duringz glaciation. Sincé these forest belts are
climatically 1Lfluenced it is evident that the climate iIn
the soubhwest was much coolar than at.present. Dorf (1960),

in his generalized map of the climatic zones dueing the

zlacial stages of the Pleistocens, ghowed a subarctic climate

¥

ss {ar south as the vieinity of Bl Paso. O(n his map, Big

ks S

Bend was influenced by a cool temperate climate. Today the
subarctic climate exbends south in the high Rocky Mountains

ag fay as northern New lisxico, bubt is centered in Canada.
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The c¢ool temperate olimats 1o loozbsd in areas adjacent to
the United States and Canadian boundary.
Hapris (1970) reporited the following subarcbtic, climat-

ically 1n1luenced mame 1y from Pleistocene deposits of

nopthern Mew Fexico: Iarmota flaviventris, Heobtoms cinerea

Lepus townseudii, Icrotus longicaudus, Spermophilus pichard-

soni, and Sylvilagus nuttalli. Findley (1965) found Sorex

e i -.--% PRI SN e i T ANV

nenug in Pleistocene cave deposits in gouthern kew Hexico.

Patton (1963) revorted Tossil remains of Synantomys cooperi

PO St e A

in Llano, Burnet, Kendsll and Dallas Counbtles, Texas; Dalquest,
Roth, and Judd (1969) in a study of the mamwal fauna of
Schulze Cave in Rdwards County, Yexas, found Synaptonys

cooperi with Sorex cinersus, Licrotus pennsylvanicus, Zapus

=

|

princeps, Lenus btownsendii, and Iustela erminea. Cushing

{1945) reported Synaptomys cooperl from Pleistocene deposits

in San Josecibo Cave, Nuevo ieon, liexico., Hamilton {1937)

stated that Synsptomys cooveri was definitely orX boreal ar-

finitvy. It is apparent from scabtered fossil localities

that the range of the southern bog lemming in the late
Pleisbocene (Wisconsin glacial psriod) extended from near the
ice sheat south into northern HMexico. -

Possil evidence tands to support the generalized Pleis-

tic conditiona proposed by Dorf (1960). Dalguest
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et ail. (1949) postulated thet in the late Pleistocene the
High Plains of Wexas and the reglon extending to the base of

the Rocky lounbaing was similar to a modern alpine neadow.



The climate was cool, but Lhere were no long periodas. of
freezing weather, Findley (1965} suggested that a relabively
mesic forest was present in southern Hew. Mexico which probably
extended south into the Trang-Pecos of Texas. This forest
was possibly similar to a lower Canadian 1life zcone habitatb.
any of the ?leistocene specimens collected by Earris (1970),
PFinley (1965), and Da lguest st al. (1969), are occupants of
the Trangition and Canadian life zones now lecated several
hundred miles norih of Big Dend Hational Park.
ells (1966), in a vegetationol study of the Pleistocene

composition of Heobomz middens, thoorized that the mesophytic,

montane forests of the southwest became discontinucus in the

Tertiary. I

is guite likely that many mesophytic, nontane,

ct

coniferous species have never had a continuons disteibution
across the intervening lowlands., Douglas fir (Pseudotsuga)

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

tains. Pinus ponderosa occurid in the Chises Mountains, but

more maessive stands are located in the Davis Mountains.

Pinvs flexilis, Quercus hypoleucoides, Styrax youngae, and

Viburnum affine occur in the Davis and Sierra del uarMLn
¥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 roclk
sheltered wood rat dsposits at desert elevations in Big Bend
National Park (Wells, 1966}, The data indicated that an

open, xerophilous woodland of ninyon pine, liveocaks, and
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Junipers were present during bhe Wisconain pluvial {Wells,
1970). These woodlands today are éisjunct atands on the
higher mdunt&ins of the Chihuahuan Desert. Durihg the plu-
vial associaﬁed with Wisconsin glaciation, there wag an
absence of the desert climate, but the climate did not allow
the strictly montane ferest zone of more mesophytic conifers
and broad-leaf deciduous trees to expand ruch beyond the
narrow confines of the Chisos Hountains! 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 xerophiloua woodland 800 mebers 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 »resently
extend to remarkadly high elevations within the woodland
zone, Direct fossil evidence in the Pleistocene Neotoma

niddens indicated pinyon pine (Pinus cembroides), juniper

(Funiperus pinchotii), algerita (Berberis trifoliolata)

=

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

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

guilla {Agave lecheguillae), acacia (Acacia rcemeriana), and

sotol (Dasylirion leiophyllum) composed the same midden.,
Twenty thousand yecars ago, a mesophytic forest cccurred
in the Chises Mountains and the desert plain of today was

covered by a xerophytic wocdlands that merged with the foresth
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on the lower mountzin sloves. An invasion of dessrt spscics

w3

began 8,000 te 10,000 years ago {Wellzs, 1970), corrvelating
with the prolonged drought that occcurred with the recession

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

Desert speclies replaced woodland species., It is estimated
that the environment of $0day has changed very little over
the last 2,000 to 3,000 ysars.

Except for the large herds of stolen livestock that

3

alding Indlans had driven across the Big Bend country, few

e

T any domestlicated livestock had ever grezed there. The
valleys and hills of the area were unaffecited by the in-
creased erosion which has always followed the advent of

ranching (Casey, 1969}.

In 1375 Presidio County, Texas, was officially orzanized
by the sbate lagislabure., Surveyors, genv into the zrea by

rallroad companies and private individuals, provided the
firet modern vegetational descriptions of the Big Bsend area.
They reported thousands of acres of virgin grasslands. 7The
grass w28 sxzcellent and the land well watered by sbtreams and
running springs. With this knowledge, ranchers were attracted
to this last area of open range.

Captain James 2, Gillett was the manager of one of the

first ranches established in Big Bend Wational Park., He



stated the following:

It may be interesting to kunow at the time this ranch

was established in LB85, the Terlingua was a bold

running stream, studded with cobttonwood Himber and

alive with beaver. At the mouth of Zough Run there

wvas a grove of trees, under the shade of which I

have seen at least one thousand head of cattle,

Today (1933) there is prohably 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
nost palatable grasses were destroyed by grazing and trampling,
lesquite, weeds, cactus, and brush that had been kept in check
by periodic Tires in thoe past invaded and crowded out the
gragses,

Both overgrazing and drought were responsible for dynam-
iec changes bebween 1900 and 1920 in the park area., For
example, prior to this Hime flats were covered by tobosa
grass in the Tornillo Creek area. The growth was so bounbti-
ful that the zarly settlers cubt it for hay (Maxwell, 1968).
By 1915 overgrazing and drought had reduced the grass to
only a few scattered clumps, Today this area ls a badland
with severe erosion and very little grass.

48 the grass in the lowlands disappeared, the ranchers
began to search for & new source. A new era of ranching in
the Chisos began aboubt 1920 and extended vo 1941, with virgin
meadows at higher elevations being tapped for the first time.

The Vavorable combinations of high elevations, mild climate,
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limited rainfall ab the proper tine, and a large varisty of

grasses made this a favorite ranching area.

P
&5



- | CHAPTHR ITI
RESULTS

Vegetational Development

Tivestock removal from Blg 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. lountain grasslands have regained much of
their former distribution and abundance, extending down the
canyons and ravines and expanding gradually onto ﬁhe slopes.
The major'area of succession today is centersd in the foot-
hills of the Chiscs Mountains.

Highways are an important factor influencing lower ele-
vational recovery. &lohg the constructlion routes, exisiing
degsert vegetation has been dcétroyed, thereby enabling
grassland invasion., Precipitation collects on the highway
surfaces and drains to its margins. As é result, there ig -
an increase in the available moisture. In conjunction with
habitat alteration and increassed moisture, narrow corridors
of gressland into the desert have been produvced. This is
exzemplified in Tornlllo Flat where strips of grass parallel
the highway margin, Along each drainage systen, espeéially
Tornillo Creek, the grassland has increased in areal cover-

age and ig slowly invading the Desasrt Shrub comwnity. The

02
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continuation ol the invasion into ths suvrrounding desert

will depend upon annual precivitahion.

"

Vegetational ana 1ysis of the grassland comumunily con-

ducted by Warnock (1969) emphasized the dynemics of this

community. Two trends are evident in bthe vegebational

analvs1a, and are gsurmerized in Table I.

TABIS I

VEGETATIONAT, PLOT COMPOSITI "IN THE
GRASSIAND CCMIUR I*Y
Y u \_*,_*ﬁ-Ww_wm,mwm_mmm_mm“ Tr———
Plot Alsitude Dominant Grasses Ground
Cover
Lost Iine Pesk 5500 Hvhlenbergzia emersleyi
manlenoewﬂla setifolia 50,0
Pulliam Canyon 5300 APlSE&Q& glauca
frhlenbergia emersleyi 36.5
Gulf Station 3700 Boubelous eriocpoda
Zoute Loua Lririda 30.9
Lone lMountain 3500 Bouteloua brevigeta
Poubsloua Trifida 36.7
ILone Mountain Pass 3380 Beutelova breviseta
APigticda pansa
Tridens pubchellus 29.0
Hannold Grave 3200 Bouteloua breviseta 26.7
Cld Boguillas Road 3200 Bouteloua breviseta 23.2

Dugout Wells 2990 Bouteloua breviseta 16.0

it o A e als e A a5 i e a—— - o AP

*Compiled ifvron YWarnock, 1969,



One trend demonsbrates the altitudinal varistion in

iJ-

cures Wers calculated by averaging

o

ground cover, Those
the plant composition of five dirfferent transects. The
highest value (50.0)} at the Lost line Peak plot, and lowesth
value (16.0) at the Dugout Wells plot, were cobitained on
control plots located in the Yoodland and Desert Shrub for-
nations, resgectiveiy. The highest grassland commmunity
velue was 36.7 at the fone Mountain plot at an elevation of
3,500 feet. Ground cover was composed primerily of grass,
The Lone lountain plot wags located near the alfitudinal cen-
ter or the CGrassland formation, The Pulliam Canyon plot at
an elevation of 5,300 f£t. was located in the YWoodland- |
Grassland ecobone, and the total ground cover percentage,
36.5, included some treesg. Warnock re ded the lowest nerp
cent coverage value, 23.2 at the 0ld Boguillas Road plot in
the Grassland-Desert Shrub ecotone.

There was a decrsase in the number of grass specieg cor-
responding to a decresse in elevation. The dominant grasses
near the grassland uvpper limit had long stems (1.5 to 2.5 ft.)
and were dispersed., In contrast, grass SD@OleS of the
Grassland-Desert ecotone were short-stemred, bunch grasses.

ergia enerslevi, with Bouteloua breviseta dominating the

xeriec enviromment of the lower ecotone. Grama grass

(uouf:elou ) was the dominant species of the grassland, bub

ey
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averatory cover, and annual oreciplbation. Bouteloua

crsviseta dominated the xeric environments, and Stina LTen-~

- AL St 0

vigsima and Bouteloua gracilis were abundant in the mesic

woodland,

In 1948 the Soil Congervebtion Service established ran-
dom plots in the Woodland, CGrassland, and Desert Shrub
conmunities to study therophytes (Warnock, 1949). The par
cent ground céver for grasses, cachti, and forbs was recorded
for fouvr 10 ft., transects on each study area., The data are

gummarized in Table IT.

TABLIE II

- VECETATIONAL DEVELOPHMENT 0F GRASSES, CACTI,
AND FORBS OH SERVICHE PLOPS*

p1lot 4161 bude Per Cent Ground Govewn
1048 1956 1969
Panther Pass 5800 0.34 3.81 2.60
Green Gulch 1.200 0.13 0.52 1.23
Green Gulch 1200 L, 30 3.62 6.67
Green Gulch 11 200 0. 38 0.63 1.51
Burnham Ranch 3800 1.39 | 3.16 5.05
Tornillo Flat 28Q0 . . 0.05 0.10

Tornillo Flat 2300 . . 0.20 I

#Compiled from Warnock, 1969,
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The data from 1648 to 1969 .indicate a siguificant in-
crease of ground cover in all study areas with the ezception
of Tornilio Flat., The Big Bend arsa was subjected to severe
drought during the early 1950's, which may explain the
greater increase in ground cover for the 1956 ‘o 1969 period
than the 1948 to 1956 period. The Burnham Ranch plet exhib-
ited the greatest increase of ground §$§er, 72 pey cent in
the 21 year pericd, A value of 0.20 was recorded for the
Tornillo Flat plot in 1956, but no grass, cacti, ﬁr forbs
were present in 1969, A comparison of Warnoeck'!s findings
with the Soil Conservation Service plots indicates maximum
cover by grassland between 3,500 and 4,500 feet.

In 1955, Texas A&M University (Warnock, 1969) estab-
1ished random plots throughout the park. For the firsf time
the Woodland comrmnity 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 spproximately the same average ground
cover increase from 1955 to 1967. Ssventy-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 increaée

in ground cover by grasses. Negligible changes appeared in
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the wvegetational analysis of the desert‘flats. Plots lccated
- in the desgert-mountain foothills exhibited an increase in
ground cover. The increased cover was attributed to a pro-
liferation of the grass specilesz,

The grsssland slopes of the Chisos Mountains had the
greatest increase in average ground cover, All plots indi-
cated a substantial increase in grasses as a ground covef
corponent,, The average ground ccover increase from 1955 to
1967 for the Grassland formation (I153.3) was almost two times
the increase for the Woodland formation (276.3) and the Desert
Sheub formstion (272.4). A Grassland formation olot located
at an elevation of 3,300 ft. exhibited the greatest ground
cover increase from 1955 to 1967 (25.5-1168.6). HNot only did
the grasses increase in areal coverags, bub they became the
dominant plants at eslevations between 3,500 and 4,500 feet.

Vegetational Influence on
Rodsent Distribution

The distribution relationship of the rodents to plant-
formations is based on zpproximstely 16,000 trap nights.

Tne species are assignéd to the formation in which the major-
ity of the specimens were collected. If a species occurred
in small numbers in cne or two isolated agsociations in a
Tormation, it was not designated as a formation spegies.

Only onz specimen of Peromyscus eremicus wag collected in the

Woodland formation; therefore, it was not assigned to that

formation., Feromyscus pectoralis was collected in two areas
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within the grassland. five spaolnons siere vaken, bub the
Species ﬁas not agsigned to the Grassland formation. The
rodent distribubion in relation to the plant formatiocas of

Big Bend Wational Park is given in Table IV.

LaBle IV

RODENT DISTRIBUTION IN REIATION TO PLANT
FORMATIONS OQF BIG BEND NATICHAL PARK

} ]

Species %;zi;f GrasslandJ Woodland
Spermonhilus mexicanusg X
Sperriophiliug spilosona X X
Snermophi lus va riegatus X X
Zyimogpermophiius interovﬂs X X X
mboromv" botta X X
ignnogeoq;u gjgmgggmg £
Yer Opnﬁiiﬂﬁi EfE?laﬁu- X X
Defoon thus venicillatus X

Perognathus nelsonl x X
Dwoggomvs ferr%jgﬁ x . X
Digﬁabhys ordii X
Onychorys torridus X
Relthrodonuomyq Tulvescens x
nelbhroﬁonféﬁvs megalotis X X
ro“omxbcus erermicus X x
Peromyscus maniculabus X X
Peromyscus leucopus X L
Peeomyscus pechoralis X
t@romwscus poylil X X
Pevomv 2 CUS diffieilis X

JLO@OP n¢301dUS X X

hcaud A X

: wI Ebnuq X
ﬁeotoaa albimuia X X
Feotoma nicxicana ' X

A cuanicitative statsment of the resemblance bhetween the
L
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was propoged by Preston {31962). This stabistical method,
called the "Resemblance Zguation®, iz used to Lest for a
break bebwsen faunistic homogenity and heterogenity. The
regemplance of the faunas of wo areas 1s attained by the
formula x°+ yo= 1. In the formula "x" is the fraction of
the joint vodent fauna found in one olant formation, and Yy"
ig the fraction found in the second formation. Bobth "x" and

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

5. St

n' represents the vesemblance degree beﬁween the two faunas.
Prestonts formula can be rewritten as x5+ y* = 1. This
is a functional formula., In the thegretical'formula, Preston

substituted "a" for 1/z to simplify the "Resemblance
Equation', The resemblance of two faunas is measured by "z¥.
The wvalue of "z! was used to correlate the rodent distri-
bution in the plant formations. In all comparisons between
rodent faunas in plant formationsg, the value of Yz" was be-
tween zero and one., A4 value near zero‘indicates the faunas
are ldentical, and a value of one implies no common species.
Preston (1962) used.a "z" value of 0.27 o designate equili-
brivm betwesn the two fauvnas. ‘An index less than 0.27
indicaved the two areas wers samples of some larger unit
(perhaps their joint srea). A "z" value above 0,27 but below
cre was indicative of sdme degree of interaction, but it was
inc¢omplete.

The contrasts bebween rodent gpecies occurring in the

individual plant formations are noteworthy. Eight species
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occur in both the Grassland and Desert Shrub foemations.
Likewise, sight species occur in both the Grassland and Wood-

land formaticns. More rodent species {17) occur in the

45 ]

Grassland formatlion than in the other two formations, Table
V illustrates the affect of plant formatlions upon rodent dis-

tribution.

TABLE V

RODENT DISTRIBUTION IN RELATION TO
PLANT ¥ORMATIONS

.5 " i
0 Q42
s o g-ﬂ Number of Rodent Specles | Mumber of Rodent Species
dg | 23 o Common to the Two Uncormon to the Two
ap> (= o Formations (C) Formations
2 =
By 13 C =8 ‘Hence P =22
1+2 142
Fy 17 c =8 r = 20
23 2+
14-*3 11 C =1 F___ =23
13 1+3

o

~Desert Shrub, F2~G1=assland, FB-T-.‘-Ioodland

The mathematical solution of the "Resemblance LBguation" is
solved eesily by matrix analysis., In Table VI the data of

Table V is presenbed in matrix forn.
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TARLE VI

THI DAGA OF TABLE V REPRODUCED IN MATRIX FORM

No. Plent Pormation 7 1 2 3
1 Desert Shrub 13 22 23
2 Grassland 17 20
3 Woodland 11

The numbers 1, 2, and 3 refer to plant formations. Dissinmi-
1ar‘rodent specles occurring in dirferent plant formations
are represented by the numbers 22, 23, and 20. The matrix is
read by & horizontal-vertical junction method, For example,
there ia a total of 2l species in the Desert Shrub and Wood-
land formations (Columm ¥)., Twenty-three of these are not
shared (Colum 3}, Therefore, only one species 1s common 0
these two formations.

Fach combination of the faunas produces two values with
the larger being treated as "x" and the smaller ag “y". The

Ux* and Yy! values are obtained by L anda ?2 . The "x!

)
Fle2 Fiep |
and "y" value . for each plant formation rodent speciss com-

parison i3 given in Table VII, Onece again, 1, 2, and 3 refer
te the Desert Shrub, Grassland, and Woodland formations,

respectively.



TARLE VIX

=
WAk

SHECOND. FATRIY, CONPINUING THI ANALYSIS OF RODERT
DISTRIBUTION IN BIG BEND NATICONAL PARK
No. 1 a 3
T T Values of o
1 0.59 0.4h8
2 0.77 0.55
\\
Values of X ~
The final analysis of wvegetational influsnce upon the

distribubion of rodents in Big

santed in Tahle VIII.

2end da

tional Park is pre-

T this mateix the digsinilerity (2z)

of the various pairs, commuted from the M"x¥ and *y¥" values

of the previowvs matrix, are lisbted above the sloping line.

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

values Lo Table XVII in Prestonts publication (1962}.

TABLE VIII

THEIRD MATRIN, ATALYZTING THE BIG 33N

HATICONATL

PARK DISTRIDBUTION OF RODEHTS

lo. Plant rormation 1 2 3
- Values of_z
1 Degert Shrub 0.55 | 0. %0
2 Grasgsland 0.4h5 0.51
3 Yoodland 0.06 0.9 '
Valvos of (1~z3 -




Comoarlbon of tie Crazgloend Lo tho Dzsert Shrub and
Woodland communitiss yields ginilar values, 0.55 and 0,51,
respectively. The Grassland, in on ‘nlerusdizte position

sed by speecies from eacn of the

v

[
¢
bt}
s

peographically, is inf
conbiguous formations but does not appreach eguilibrium with
sither and can be considered parcly igolated from both., . The
Grassland 1s boundad at lower slevablons by the Desert Shrub
formation and at higher elevations by the licodland formation.
The contrast in floral and faunal compesition off the three
plent formationsg pracludes equilibrium of rodent species,
Some specics are adapted te one Tormation, but not the others
(Table VI}.

Tne Desert Shrub formation and Woodland formaetion have

only one species in common (Awmospermovhilus interpres). The

contrast petween the two formations ig evident in a diggsimi-
larity value of 0,9h., The dissimilarity aoproaches one and

indicates not only species! ade wuatlon to a plant formation,

=

but 2

8o geographic isolation of the plant formations. Het-

ct

ercmyid rodenta aré more charachteristic of the Desert 3hrub
formation (four swecies) then of the Woodland {one species).
Cricetid rodents are more typlcal of the Voodland (seven
species compared to six).

The major difference in cricstid favnas beitween these
two formations is abundance of individuals rather than num-
specles. Three of the 8ix deseri species ars

»

consldered reve. OCnly ong gpscimen of Cnychomys Lorridus




hag heen collected in the park., Twenty-two speclmens of Par-

onmyscus levcopus and 16 specimens of Peromyacus manicnlabug

hewve been taken. Sigmodon hignidus and Heotoma micronus were:

-

slightly more numerous with Peromyscns ereémicus the mest

abundant (73 specimens). & tohal of 110 svecimens of the six
cirlcetid species was collected in the Desert Shrub formation.
In contrast, hbl specimens of seven cricetid gspecieg were

teken in the Woodland formation {8 Reithrodontonys mesalotis,

ch s i s et &

173 Peromyscus D00u0?9178, Gl Pevorryscus boylii, 11 Peronyscus

s o me m wir

-

difficilis, &Iy 3igmodon ochrognathus, 106 Neotoma albigula,

end 8 MNeotoma mexicana).

Rodent Distribution in Relation
to Zdaphic Factors

Soil characteristics such as composition, size of rocks
and slope at each collection site wore recorded, Soil
composaibion and size of the agsociated rroclis were thé nogt
important Tactors influencing the rodents! distributions.
Sand, sand and gravel, clay and sand, rubble with a clay-loau
ﬁixture, large mixed rocks with loam, and rockpiles, were
categories used in the analysis. Slope was not a major fac-
tor at lower elevations, but was important at higher elevations.

Desert areasg have four major goil types. These are sand,
send with gravel, sand with clay, and rubble with clay and
loém. Degsert Shrub and Grassland plant formabions occur on

these soils, The ¥oodland formation has developed on shailow

losya goil with a mixture of different gsized vocks. There is
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a definite interaction between soil tyve and vegetuabional
distribution. Table IX i1llusirates its influence on rodent

distribution,

TARLAE IX

SOIL ITHFILUBKCE ON RODENT DISTRIBUTION AND JUMBER

ot A4
g |9 |54 135 |8
sl 8 T {mo | m
© e @ P I -3
g . g > & o 3 — j?
pecies R REERE ] REPEE
W s | Qe B2 S
7! 15} =0 ia 3
o =
Spernonhilus mexicanus 61 .. « B . o .
Svermophlius Spilosora b 3 . S TR I
Shevmoonius variepabus A P . . . 1y
aﬁf@SJ@lMOﬁﬂlan LNLETNPEeS | « . . . . . ¢ 1 v
Thomonys bottas N .. 6 0 |.
PRoponeomys castanops 15 3 . . . . . . .
PEYOanALAUS Terpiamni 3 b . . 35 . . .
Perognathus nelsoni 10 - Lé 50 .
’nrowp:Lﬁvﬂ nenicililabus 156 191 .. . . o .
Q§p0d6M?s “mevriami 58 | .. .. I O
55363?3 oraii 16 . . . e . . . . .
RewthﬂodonBOJys fu7vescens . . . . .. - ] .
Reithrodontonys megalot . . . . 29 2 5 .
EGPOT:%EEE'belll - .. N B . o 86
Peromyseus ditrficilis . . . . . o - 2
egonfsuus eremicus ho | .. . . 76 1.
TOMTSCUS MAniculatus 13 2 . 1 o . .
Derouyscu“ leucopus 3 L 3 1 §. . .
Feronyscus vpectoralis . . - 1 5 {12
Onyrehomys torridus . . . . . 1 . .
Sigmodon hispidusg 10 « o 29 o o .« o .
Sigmodon ochrognathus . . . . . . . 71 .
Neotoma albigula .- . . . . . 1l 104 .
Neotoma mexicana ' . . . . . . . . . e
Teotoma micropus 27 . . . . 6 . e .
Total 3561 61 66 261 | 50
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The mempers of the femily Sciuridas occupy diverse soil

P

types. Spermophilus maxicanug wag ccllectsd only in the

sandy soil along the Rio Grandes River at RBio Crande Villagse.

tba

Traps located near this 2rea in rocky s0ilg did not yield

(]

sp

cimens. Speprmovhilus gpilogoma veaches 1ts greatest abun-
dance on the harder clsy and calcarsous soils with scatbered
rocks and increased slope.

Soil texture influsnces the distribption of gophers.,

Pappogeonys cosbanops is limited to the sandy soll along the

Rio Grande River floodplain and its major tributaries, such

ag Terlingua and Tovnillo Creeks. Thomonys botfae occunies

the more compact, rocky soils of the mountain siopes. The
two species are not in contact anywhere, but their ranges
approach each other near the Rio Grands.

Perognathug merriami aad Perognsthus penicillatus occur

in sandy habitata, but only P. penicillatus attains meximumn
abundance on the sandy, flat washes in the desert. The al-
luvial clay and rubble soil of the Chisos Mountains'

foothills is preferred by 2. merriami. Perognathus nelsonl

is mere saxicolous occurring on shallow soils with 80-80 per
cent rocks and increased slope.
Kangaroo rats arve predominant on desert soils. Dipo-

domys ordii is restricted to friuble sand., Dipodomys

merpiami is equally abundant on desert sand and more compact

soils with suvurface rubble.
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Six species of the genus Perowyscus cceur in Big Bsnd

Haticnal Park. Peromvecus maniculatug and P. leucopus are

most abundant on the soils with a sand composition. Sandy

areas and compact solls with rubble are occupied by 2. erem~

icus., Peromyscus boylii, P, pectoralis, and P, difficilig

prefer habitats with shallow soil and large rocks. Pero-

4 B

myscus difficilis is most sbundant in rockpiles.

Sigmodon hispidus and Heotoma micropus are common on

ths friable desert soil. Mountain slopes and meadows with a

iocam goil mixed with focks are the habitats of Neotoma al-

bigula and Sigmodon ochrognathus., Heotoma mexicana inhabits

rockpiles on steep slopes,

Altitudinal Distribution
In this study rodents were collected between 1,550 and

7,100 feet. Only one species {Smermophilus variegatus) was
? & J-" - ] —

recorded from each of the elevational intervals. Socciles
diversity is greatest between 1,850 and 5,500 feet, Mifty-
nine pexr cent of the rodents were collected in the
elevational range of.the grassland (2,800-1,500 ft.). ‘The
Desert Shrub elevations exhibit a greater diversity (31 per
cent} of rodents than the Woodland elevations (10 per cent).
Heteromyid rodents are avundant in the desert elevations,
while cricetid rodents are more numerous at the Graséland
and Woodland elevations.

Within each genus the different species abthtain their

preatest abundance at differvent elevations., Blevational
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allopatry is evident ia the gorsps Slgmodon and Heoboma.

Zlevational syrmpatry, buv nof necessarily habitat sympatey,

[N

8 indicated for the other gensra. Table X summarizes the

altitudinal distribuition of the rodents in Big Bend Park,

TABLE X

ALTITUDINATL DlSERTuUTTOW ANU HNUMRER OF RODENTS
COLIECTE IN BY BEND NATIONAL PARK

i i M e e ot s G SR gl e ATt n s & I s e g mrm in s o s Pt s gty

1850 2851 | 3851 h851 5851 | 6851

Specieg to ko to to to te
2850 | 3850 | h850 | 5850 | 6850 | 7832

Spermophilng mexicanus 6 o & o o . . .« e .
Spermophilius 3D hilosoma 8 12 1 . . . e ..
bnEF%E%EETﬁE varie 2 1 h 8 2 2
Frmnosoermophilus int 2 % 7 10 1 . .
Thomomys botlae 3 . . Iy 1 . 0
Papoogeomnys cagbanops 1.8 .. . . . o . . e
5FanaJ%FH" Hevriani 8 33 g 1 . . . .
Perognathus nelsoni 15 29 28 1. . . .
Perognathus ﬁCHlC*llubUd 1 2 11 . . . e . .
nodomﬁ?mﬁefvldﬁfmm_“"* 72 10 . e . . . .
J ) 16 * L] . [ ] L 2 > * . L ] - »
%01fnrodont0ﬁys fulvescens| . . v e 3 1 . o . .
Reithrodonbomys megalotis 3 25 . . 3 5 . e
Peromyscus boylil A 13 18 22 1
Peromyscusd dirfricilis . e . . 2 5 Iy
Peromyscus eremicus 20 63 T 6 « . .
Peromyscus leucqggg 21 LI . . . . oo
Percnyscus maniculatus 11 5 . o e . . e
Poromyscus Dcctoralls S 15 | 142 18 3
Onychemys borridus . 1 . s o o + v .
Sigmodon AISDWdUS 38 1 . . . . . . .
S fﬁ%iﬁh Bﬁﬂfbwnuthus . . 7 36 28 . e
seoboma gfggpula . . . 12 5 96 g5 . e
leorBﬂé microous 31 2 . . . . . . . e
ﬁ'ofbm mexicana . . .. . . . . 2 6
Total . 393 250 106 381 89 29
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the park area ior the past 20,000 yaars.' This tiwe pesriod
has permitted inftegration of rodent fauvnes of Trans-Pecos
Texas and novthern Mexico. There are no endemic rodents and
most specles range over wide geographic areas, The vodent
species of the ma jor mountain groups, Chiisos (Borell ang
Bryant, 194.2), Davis (Bleir, 1940), Guadalupe (Davis, 19,0),
and Sierra del Carmen (Baker, 1956), of the region are com-
red using the "Resemblance Zguation® (Preston, 1962). The
specles disvribution in each of the mountain areas is given

Table XI.

TABLE XI

QCCURRANCHE OF RODEUT L?E JIES TN MO TVTXIJS opF
TRANS-PECCS T8XaS AND NUORTHERN MEXICOQ

Sierra
Species Chisos | Davis Giigz" del
' ' * Carmen
Eulamings dorsalis X
ou&ﬂjaq canipes X
M;mo 36??9?}11h8 interores X X X
mexicanus X X
n11030aa £ x X X
X A X X
X X
X
'%oqoﬂve tottae X X X X
PPmoO”SOﬂ"S castanons X X X X
?e“ornﬂtnus HePYIam X X X X
Perogmaiing I'lavus £ 2
Teroghatiiug hispidus X X
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TASLE AI--Continued

. Sisrra
Species Chigos | Davis G?ida“ del
SUBe | Carmen
Perognathus penicillatusg X X X
Perognathus intermedius X X
Perognathus §§130n1 X X X
Divodomys ordii X X X
pipodonyg merriami X p.¢ X X
Jinodonys spectabilis X X
Sivodomys neilsoni X
401phrodont0ﬂys montanus X
he1throoontoqu @e"a?oth X X X X
Reithrodontomys fulvescens X A X
Peronyscus ervemicug X X - X
Peromyicus mmnlculatus X X X
Feromyscus lsucovus X X X
Pﬁ“omqqcus boylil X X X X
FeRemyFous pectoralis A X X X
TeEOmMySous diftici)is X X
Cnyehomys torridus X X X
Sicmodon hispidus X X ' X
Sictiodon ochrognathus X X X
S OEGA Mioronus x x X
e ot oma alolgula X X X X
leotoma mexicana X X X X
Iierotus mexicanus X
rethﬂzon dorsatum X X X X
Total Number of o
Species - 26 30 23 | 25

The data on rodent species occurring in bthe nountains
of Trans~Pecos Texas and nerthern #exico are given in
Table XIIT,
The Davis Mountains are located near the Eeuuranhwc Cen-—-

ter of the region and have tha greatest species diversity.
7

In each comparison, the mumber of common species 1 similap--

likewise, the nunber of unccommnon aspecies.
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TLBRIE Z1T

PATA ON RODENT DISTRIBUTICH IN TRANS-PHCOS
TALAS AND LIORTHERN MEXICO ’

S% | @ Miumber of Rodent Number of Rodenk

SE |8 Species Common to Species Uncommon to

g 0 § ° 3 the Two HMountain the Two MHounbain

E_qg = 8 Groups (troups

Py 26 C =24 Hence P =32
12 42

F, 30 ¢ =17 Pz 32
13 1%

r 23 C =21 F =30

3 | TH 1

B | 25 €__=20 P =33
243 243
G = 20 | 3 = 35
X - ZEar
4 = 12 Po__= 36
EZ 3L

-::-Fl- Chisos Mts.: F Davis Mbs.: F3- Guadalupe HMts.;

5"

FLL- Sierra del Carmen lits.

The mathematical solubion of the YResemblance EBguation"

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

sented in matrix form in Table XIXI.
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THE DATAL OF Tabim XIT 30FPROOUCED
IN MATRIX FORM

No. Mcecuntain Group ¥ 1

i\
W
=

1 Chisos 26
2 Davis 30
3 Guadalupe 23
iy Sierra del Carmen| 25

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 i coincide with the Chisos, Davis,
Guadalupe, and Sierra del Carmen Kountains, reépectively, in

Table LIV,

TABLE XIV

SECOND MATRIX, CONTINUING THE ANALYSIS OF RODENT
DISTRIRUTION IN TRANS-~-PECOS THEXAS AND
. NORTEERN MeEXICO KREGION

No. 1 2 3 R T}

Values of ¥y
0-81 0.7‘..'. 0086

2 0.97 0.70 0.7
3 0.81 ' 0.63
L 0.86
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Bach mowntain groun is a separats entity and is isolated
by an intervening arsa of the Chihuzhuran Dessert. The thesory
(Wells, 196&) that the Trans-Pecos region of Texas was once
a conbinuous wocdland helps explain the current rodent dis-

trribution. The regemblance of the rodent distribubtion in the

mountain groups is given in Table XV,

THIRD MATRIX, AMATYZING THE TRANS-PECOS
TEXAS AND WORTHERN MELICO REGICH

Prpp—— - ~ o e a3 sam s s —

Ho. Mountain Group : 1 2 3 h

Values of 2

0.14 0.36 0.22

1 Chisos

2 Davis 0.86 0.28 0.32
3 Guadalupe 0.6l 0.72 0.61
I Sierra del Carmen | 0.78 0.68 0.40

values of (1~z})

logt of the mountain groups have values of "z2%" near
.27 indicating approximately perfect equilibrium ét the
gpecies level, The pair 1-2 with an index of 0.1l is almost
identvical in species conwosition. The two areas are samples
of a lesrger faunal vnit and perhaps their Jjoint area should
be-a faunal unit.

The Sierra del Carmens are geographically nearer the

Chisos Xountains fhan the Davis IMountains, but a higher "z"
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value (0.22} is caleulssd for She Chisésmﬁierra del Garmen
comparison. The rodent fauna of the Chisos Movnmtains is
more similar to the Davis Mowntein fauna (z= 0.1). The Rio
Crande may act as a filter bharrier which may explain, in
part, this discrepancy in ‘'z¥ values.

the Chiscs is the

Qo

The mountain group mest diszimilar §
Guadalupe Mounbvains. The "z% valus of Q.36 indicates that,

although the Guadalupe Mountains are gEeo;

]
3

aphically the most

by

@

remote range, species diversity is nobt significant. Appar-
ently the two faunas are near equilibrium, having 17 species
in cowmon. | |

Hershlzovitz (1958) suggested an arrangesment for classi-
fying marmalian genera so that their affinities were
agsociated with definite zoogeographical regions. His
groupings webe as follows: gensra whose geographic range
include a tropical zoogeographical region of either the
Western or_ﬁhe Jasvern Hemlsphere and a Holarctic subregion
of the other Hemisphere are called cosmopolites; genera
which are confined to oné zoogeographic region (endemic) op
which may spread to another region {excurrent) as regional-
iteg; and genera of uncertain gecograpnlce derivation but
which live in two contiguous regions as wvaricants,

The rodent pgenera which occur in Big RBend Park were
arfanged so that their gffinities were associated with def-

inite zoogeogravhical regions. Using Hershkovitzts
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clogsification, the 16 native rodent genera of the Trans-

Pecos and northerun Mexico region are as followas: eight (50
per cent) are Nearctic reglonalites; one (6 per cent) is cos-
mopolites; one (6 per cent)} is Keoﬂropical regionalites;
three. {19 per cent) are Nearctic-Palearcltic varicants; and
three (19 per cent) are HNearctic-Neotropical varicants. The
theory that the Chihuahuen biotic province iz of Mexicaﬁ &Ll
finify does not apply to the rodent fauna of the Trans~Pecos
Texas and ﬁorthern Mexico reglon.

The most important result of matrix analysls of the ro-
dants of Trang-Pecos Texas and northern Mexico is clarification
of the vodent faunal affinity of Big Bend Kational Park. The
species compoaition of The park fauna is not derived from a
single geographical fauna, bubt is the result of interaction
and invasion from different geographical areas. The near
equilibrium of the four mountain groups supports this as-
sumption. Feunal affinities with the Great Plains,
Southwestern United States, Gulf Coastal Plain, Western

United Stabes, and Northern Mexico can be distingulished.

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

svidences of breeding. Winter, fall, and early spring are
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the periods of high reprrvoductive achivibty, while late goring

end early summer apve low periods (Rig. 6).

Number of Females

Ut

TP M A ® J T A §s 0 ®m D
Months'

ig. 6&--lumber of females demenstrating renrvoductive
getivity for cach month of the year.

s b1g

L

The low number of reproductively active females can be

correlated with a period of envirvonmental stress. The lat-

1, May, &nd June are the months in which

Tt

ter part of Apr
food.availabilitw is lowest, The food supply increases in
late fall dus to increased moisture from late swmmer and
garly fall precipitation. Habltat and vegetational deteri-
oration resches a maximum in the gpring, but 3uring the

study veriod, riay and June precipitation did nobt occur, The

fiyst substantial rainfall wes not recorded vntil July. The
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cormbination of an infericr nawnitai, rising vewpeoratures, and

laclk of orecipitation depragsed ithe reproductive sohivity.
The reproductive activibty ol the diilerent species iz simi-

lar in that species abt lower olovations breed st
aporoximately the same time as the hipgher elevation specles,

The nine months of veproduvctive activity are duly to
arch. The climate modsrates in the labter portion of sum-
mer, with an increase in precipitation and a decrease in.the
average maximun temperabture. There is aJccrrosponding rE -
newal of vegetation with habital Improvenent., Winter

"

Lemperatures are mild and of short duration. The highest
numper ol reproductively sctive females recorded was in
Jenvary. This indicates that the winbers in Big Bend Park,
on the average, are not sufficiently severe to restrict re-
vroduction., EHeproductive data of males correlates with
that for females.

Two peaks, Decenber tTo Japuary and Izreh to lay, are
evident in the nﬁmber of juveniles collected, These peals
correspond to the iate f2all and early winter breeding per-
iods of the Temales.

-

Hinety-six females of the Tamilies Heteromylidae and

=y

wer size ranged from a

I_J
e

Cricetidae were vregnant. The

naxirum of sevsn (Q@romya us leucoqgg) to a ninimum of one

(Dipodoiys merriami, Dipodomys ordii, and Heotoma albigula),

The average litter size of high slevation species was
glightly larger (3.50 tc 3.36) than that of desert specles

{Table XVI).



TABLE XVI
_ LITTER SIZE OF RODANTS
Mean Number Humber of
& s of Range remales
wpecLes Embryos axamined
feropnathus merriami 3.66 3-5 3
Perognathus nelsoni .00 l, 2
Peropnothug venicillatug 3.50 2-5 6
Lipodomys merpismi 2.50 1-5 18
Dipodorys ordii 2.75 1-5 ol
Reithrodontonys mepalotis 3.80 2-11 5
Peronyscus boylil 5,00 .« . 1
Peronyscus erericus 3.10 25 10
Pepomyscevs Jeucopud 7.00 - 1
Parony vas nanienlatus 2.00 . -
fﬁEQT“JEb nectoralis 3.33 3=l 3
Sigmodon nisvidus 3.33 3l 3
Sicmodon ochrognathus 3.57 3-5 7
legboma alblgula 1.81 1-3 21
Kootoma mexicana 2.00 . e 1
licokoma micropus 3.00 2-l L

Species Interaction

3pecies collected in the same trap line were assumed

to have some degree of interaction.

The most

actions are probably caused by food, habitat,

preferences of the rodent populations,

common inter-

and edaphic

Species with a di-

verse ecolegical distribution interact with a larger number

of differen

with Neotoma micropus

t species,

habvitats, but Neotoma

in the desert ana lower grassland

Ten different species are associated

mexicana interacts with only three

species in the upper Woodland formation (Table XVII).
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Dipodomys wmerriami and Dipodomys ordii 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. Edaghle preference

wag the factor causing their interaction.

Perognathus merriami was sympabtric with Perognathus

penicillatus and Perognathus nelsoni, but P. nelsoni and

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

Porognathus meryiami and P, penicillatus occurred together

at three localities in the Desert Shrub formatiocn. Perog-

nathus nelsonl and P, merriami were sympatric on the rocky

glopes of the Grassland formation.
Pinyon Pine-Juniper slopes of the Woodland formation

wero areas of interaction for Peromyscus pecboralis and

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

TABLE XVIII

NUMBER OF SYMPATRY STATICNS FOR
THE GENUS PRROMYSCUS

P, P, P, P,

Species difficilis | boylii | vectoralis leucopus
P, maniculatus . . o e . o 1
P. boylii 3 . ..
P, eremicus . . s o 1 -. .
P, pectoralis 3 5 . . e e
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between 5,500 and 7,000 feet. Peromyscus pectoraliyg and

P. bozlig‘were collected in assceiation with P, difficilis

at higher elevaticng. Peromyscus eremicus oceurred with

P, pectoralig on the grassland slopes of Pine Canyon at an

oelevation of 5,000 feet., The specimen of P. pecboralis 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

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

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

brevigeta), 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 continueé, the distribution of S. hispidus will

probably expand, It is possible that 5. hispidus and

5. 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. alblgula north of Panther Junction.
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Neotoma micronus inhabits the upper Desert Shrub formation at

an elevation of 3,700 fset., Heotoms mexicana ig restrictsed to

rockpiles and talus near the summit of dmory Peak (7,000 £5.),
snd N. albigula inhabits the surrounding forvested slopes.
The ranges of N. albigula and N, mexicana approach within

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

Rodent Ectoparasites
Studies of chigger mites found on 19 species of rodents
in Rig Bend National Park have revealed new species of

Huschoengastia, BEuschoengastoides, Otorhinophila, and Pseudo-

scheengasgtia, The four new species will be described in

subseguent publications. Twenty-one specles representing

12 gensra were collected., Neotoma albigula was parasitized

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

cies were recorded from Perognathus nelsoni, and 10 from

Perognathus merriami. Only one species was recovered from

Spermopnilus variegatus, Ammospermophilus interpres, Thomomys

bottae, Pappogecmys ca3banops, and Peromyscus maniculatus

{Appendix T). Smaell samples of these rodent Speciés explain'
the lack of chigger parasites--not parasite preference for
the host,

| Chiggers were cbtained throughout the year, although
larger sanpling may prove seasonal incidence for certain
hosts; For example, no winter incidence was recordsed for

Dipodomys ordil or Sigmodon hispidus. The overall incidence




of trombiculid infestaticn was 2pproximately 75 per cent.
Maltiple parasitism occurrsd more ofben than single lavva

infestation (90 per cent to 10 per cenb)}. No apprsciable

L'e

vigsue damage due to chigger infestation wasg observed, but
extensive and prolonged parasitism will regult in dermatosis.
The ear conchae exhibit the grsatest amount of parasi-

tism, The species of the genus Buschoengastoides, for

instance, appear to occupy different sreas of the conchae;
the periphery, middle portion, and even the sar drum area are
infested with "pockets” of chiggers. The genital and thigh
regions are secondary in infesbation. A préference ig dig-
played for the openings of the reproductive and digestive

gystems. In heteromylid rodents, especially Perognathus

merriami, the soft tissues of the cheek pockets are

parasitized,

Chigger mites were identified by Dr. Richard B. Loomis.
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Rodent distribution in Big Bend Hational Park is the
reault of climatic and environmental interaction. Rodents
are an integral part of most terrestrial ecosystems., Veg-
etational btype, soil texture, and many other factors can
influence the Adilstribution and povulabtion size of rodents,
Successional changes in plent communities alter rodent
density and species composition, Paleoecologlcal data in-
dicate that the ranges of rodents in ths Pleistocene
correlated with elimatic changes. The present ranges have
regulted from post-Plelstocene climatic shifts, altered
vegetation, and the adaptability of the rodents., Statisti-
cal analysis of the Trans-Pecos Texos and northern lexico
rodant faunas gives credence to the theory {Wells, 1966)
that southwestern Texas had a similar conbinuous vegetation
after the Wisconsin pluvial, The time interval is suffi—
ciently long to allow the intsgravtion of rodent gpecies
with different favnal affinities.

4 prolonged drought is theorized as the factor that
initiated vegetaticnal ckhanges in the scuthwest some 10,000

years ago (Vells, 1966). The chenges are demonstrabed
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intermediasbte grassland, Desert wplant species, as invaderas,
cceupy a lower successionsl stange, and certain rodent spe-

cies (Dipodomys merriemi, Dipodomys ordii, Neotoma micropus,

Perognathus penieillatus, and Peromyscus eremicus) attain

maximum abundance in this habitat. Other specles, Sigmodon

hispidus, Perognathus merriami, Relthrodontomys megalotis,

Peromyscus maniculatus, and Neoboma albigula, attain greaber

numbers in higher stages of plant succession where dense
cover is present., These specles occcur in the grassland and
woodland comﬁunities. |

In the 2bgence of human influence and environmental al-
teration, a faunal survey is species indicative for a time
period of stabilized climate and flora (Baker, 1956). The
original rodent distribution in the park iIs unknoun because
ne faunal surveys were conducted before habitat alteration
by livestogk, The effTects of overgraﬁing remain evident to-
day. The eroded, barren flats of the Tornille Creek area
once supported grasslands which were utilized Tor hay pro-
dquetion (Mexwell, 1968). Habitatb deﬁtruction is a fector in
the current distribution of rodents in the park.

Changes in commmicy strucbure due to overgrazing or
hebitat desbtruction have been discussed by several authors

(Baker, 1940; Raun, 1966; Cetz, 1970). This change in Big

™

Zend Park surely altered rodent digvribution and community

composition.  Since overgrazing cccurred first in the lower
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Chiscs foothills and the desext, grasseé vere restricted to
higher elevations. Additiocnal envirormental stress probaﬁly
cceurred as ecologically distinet species were forced to oc~ -
cupy the same areas. In the lower desert, rodents wers

probahly isolated in small grassland remnants along drainage

aystems, The present associabion of Sigmodon hispidus and

Peromyscus maniculatus along rcad beds and dralnage patterns

ig an example. My theory is that desert forms were igolated
from woodland species in the mountains by an inferior envi-
ronmental hiatus--this hiatus being created by overgrazing
and habitat destruction. Secondary grassland successgion 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 194 {Casey, 1969). Secondary succession was delayed
by droughts in the labtter 1940's and early 1950's, with a
subsequent drought in 1965; however, there is evidence for
gragsland recovery in the high mountains, Stipa grass in
‘Laguna Meadow is widespread and forms 2 dense grouqd cover.,
Grasslands have advanced down the slopes of the Chisos
Mounteins and are encountering desert invaders on the lower
slcpes. There have been 27 years of secondary succéssion.
Gardner (1950) observed that desert grassland protected from
se#era overgrazing for 30 years exhibited a grass density
incerease of 110 per cent. =aven after 30 years protecfion

the area waa not corpletely healed, but there was no active
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erosion. Warnock's {1962) data iadicats an increase on the
graséland plots of averase ground cover from 188.é hunéredths
of a squere foot in 19EL, Lo an average sover of 153.3 hun-
dredths of a square foof in 12€7. Blg Bend Park, in complete
absence of domestic livectock grazing, exzhibited a 241 per
cent increase in average ground cover in the Grassland for-
mation in 11 years. The average ground cover increase was
lesg for the Woodland and Desert Shrub formatlons. |

The environmental deterioration must have reducsd ro-
dent population sizes, The study of Borell and Bryant
(19.2) was based on 218 specimens collected by Borell plus
previously collected specimens in museuwms. The 218 speci-
mens vere collected over a period of two years with 89

actual trepping nights. An average of 2.45 specimens per

night was collected., No statement was available concernin
g g

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

2.

viewpoint, 2.45 svecimens indiecate low rodent populations.
Seventy-six of the 218 specimens were heteromyid rqdents
which are common aﬁd eesily trapped. Xven after a 1970
sumsy low of ,009 per cent specimens for 100 trap nights,
my overall Trapping success was seven per cenbt. Baker
{1940) obtained two specimens in 92 trap nights on severely
overgrazed vasture 1andlin Colorado County, Texag, and 1l

mice in 99 trap nights on wungrazed pasturse land, Borell

and Bryant (194,2) studied the mawmmal fauna when the park was
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overgrazed, My study was conducted after considerable re-
covery'oﬁ the grassland enviroﬁment. An increase in rodent
density is esvident.

The lecality trapped has a great influence on the nuin-
ber of rodents collected, Rodeant population densities are
not evenly disbtributed, varying greatest in the desert en-
vironments. The créosote~lechuguilla-ocotillo plant
cormmunity did not yield an abundence of specimens., The larw-
gest number of Speéimens collected in one nighit in the desert
conmunity was obtainéd in a chella cactus-sand association.
The 1isolated desert grass areas along the roads and watsy
systems have high densities. Rodent populations in the Crass-
land aﬁd Woodland plant formations are more evenly distributed.
Yoodland densities are highest in grassy meadows, such a3
Laguna, Juniper Flat, Bouldsr, and Pine Canyon, Slopes supr-
rounding the meadows have a decrease in grass cover and nurber
of individuals, In Pine Canyon Meadow four species (Sigmodon

e s 1 g ey € i

ochrognathus, Peromyscus pectoralis, Feromvscusg boylii, and

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

in small mubers, was collected on the adjacent roéky slopes.
When rodent capture is categorized according to plant

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

in the trap area, significant differences are apparent in

rodent distribution (Appendix IT). The species of rodénts

are ossigned habitat affinities bhaged on the hebitat bate-

gories in which capturs per svecies 1s greatest. These

3.
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categories are assumed Lo represent thes Lype of hﬁb iGat most
favored by the species,

Spotted ground squirrels, Spermophilusg 3U%lLMQE3s are
inhabitants of dry, rocky or sandy areas, Though approxi-
mately L0 per cent of the s0il suecface is deveid of
vegetation, plants present include creosoﬁe, cholla, and

prickly pear. Spermovhiluae mexicanus occurs only in the

sandy environments of Rio Grande Village in a Bernuda grass
commnity. IBcologically these two species are distinct,

Spermophilus mexicanus is confined to a short grass commun-

ity with most sand, while 3. snilosoma occupies &rier, rocky

goils with decreased ground cover. Tamsitt (1951} Tound

S. spilosoma burrows in gravelly soil at Black Gap, dbub
Baker (1956) noted this species! preference for deep soils

with a2 minimwm of rocks in Cozhuila, Seermophllus variegatus

1s the most widespread rodent in the parlk. Individvals were

ongerved in Fariscal Canyon at an elevation of approximstely

i\

5200 £t., and on the rockpiles near the north base of Emory
Peck (7,000 £t.). Rock sguirrels were collected or observed

only in rocky habitats in the Grassland and Woodland

r -

!

[
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e
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.

tribution of the saxicolous Texas antelope squir-~

rel ranges from the river bottom wp to 6,100 feet,

wapernophilus interpres is the most ecologically diverse

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

d to pale, deep, finc-
& L] 5

]

., T
LG

Pappogeonys cagtanops, arsg regvr

textbured soils covered by various Desert Shrub plant svecies
along and adjacent to the Rio Grande River and its tribu-
varies., DBotta pocket gophers, ?EBE&EEE.EPEEEE: are abundant
on thé dark, rocky soils of the mountain slopes within the
upper grassland and oak-pine belis. The two gopher species
are geographically allenairic on this area. Borell and
Bryant (1942) stated that in a few places the ranges of the
chestrmut-faced and Botta pocket gophers overlapped, but spe-
cific 1ocatiéns were not given. |

lerriam pocket mice, Perognathus merriami, the rarest

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

V)

M

S3

O

in grama grass~lechuguilla ciations on the Chisost! foot-
hills. Porter (1952) reported abundance on alluvial soils
Letween 3,500 and l,000 feet. Borell and Bryant (1914.2)
found P, merriami rare in the park ané collected only four
specimens from a sandy flat. On this evidence they stated
that apparently extensive tracts of hard, rvocky soil served

a8 barriers to the dispersal of this species. BRaker (1956)

reported vhat P. merriomi was restricted to sandy soils in

Coshuila. 1TIn the present investigation, £0 per cent of the

P. merriami were collected on rocky soil. Apparently P.

e e e A

merrieni exhibits a preference for rocky soll habitats in

e s

the Chisocs iountaing.
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The habitat alfinlty of the mock “Ouimt nocuse, rferogna-

e i

-

8 the upper grassland., Rock pocket mice were

[

vhus nelsoni,

most abundant on the stesp, rocky sliopea hebtween 4,000 and

5,500 feet. Ferognathus nalsoni occurs in small numbers at

Q0 ft,, with P. merrlami in & grama zraszs-lechurullila as-
s 2 i, £ o )

gociation. With slevational increase, rock pocket mice

inerease in numbers and Merriam pockeb wmice decrease, The

grama grasg-sotol association in Pine Canyon at 5,000 f£t.

supports a large population of P, nelsOﬁl. The rangé of

2. 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 (1942)

listed the rock pocket mouse asg rare. They noted an eleva=-
tional range between 2,300 and I},800 feet,; and typical
habitat was rocky areas occazsionally overgrown with grass,
sotol, and bear grass (olina). Bakef {1956) stated that
P. nelsoni was an inhebitant of characteristic Chihuahuen
Desert Shrub Vegetation-type and not grassland. A habitat
preference of rocky, rough terrain was noted in the Black
Gap 2reazs by Tamsitt (195h),

Zorell and Bryant (lQhP) reported overlap in the ranges
of the rock pocket mounse and the desert pocket mouse in Big
Bend Park, but no loca 1ity was given. I found P, nelsoni

and P. nénicillatus to be both geographically end ecologi-

cally allopetric, but the two speciss probably occur together

where fine, sandy soils mantle desert areas.

i



73

Perognathus peonicillatus is confined to arveags ol send

with Desert Shrub vegetation. The desert pocket mouse has
a widespread range in the lower desert enviromment of tho
park and is by far the most abundant rodent in fthe Desery

Shrub formation. Paker (1956) found P. pendicillatus abun-

dant in Coshuila, bub northeast of Big Bend at Black Gap,
Tamsitt (195h.) 1i%téd the desert pocket mouse as 2 sparsely
distribubed species.

The second most common rodent of the Desert Shrub for-
mation 1s Dipodonys ggggiggi. Merriam kangaroco rats have a
wider habitat tolerance than D. ordii. - Sandy soils, clays,
gravels, and even rocky soils are inhebited. In Big Bend
Pari, éandy soils are slightly favored over rocky soils
(58 specimens to 5l svecimens). Populations are highest in
creosote and creosote~lechuguilla associabicns at elevations
hetween 1,850 and 3,000 ft., and lowest in the grassland be-
tween 3,000 eand 4,000 feet.

-

The Ord kangaroo rat, Dipodemys ordii, 1s found in des-

ert situwatlons but is not a common warmal. T found D. ordil
only at Upper Tornillo Creek Bridge in a crecsote flat.
Borell and Bryant (19L2) stated that the Crd kangaroo rat
was probably confined to the river bottom. Upoer Tornillo

Cresk

==

s epproximately 20 miles vpstream from the Rio Grande
River., Overland migration from the Rio CGrande to TUpper
Tornillo Creek would be impossible due to the position of the

Chisos KMountains., Dipodomys ordli must have extended its
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vange northward via ths sandy margins of the creek, The

niver bobtom habitst, where RBorell and Bryant (1942} Tound
D, ordii, has been destroyed by Tlecod., Deep sands have
heen replaced by clays and no heteromyids were found thers.

Dipodomys ordil aad D. merriami are sympatric along

s s

J7ice as many meprriami as ordii in-

Topaer Tornillo Gresk, T

habit the area. Dorell and Bryant {19, 2) reported sympatry
of the two svecies at the mouth of Santa Elena Canyon.

The western harvest mouse, Reithrodontomys mepalotis,

was captured in greaber numbers at the lower elevations

(3,000 £t,) of the Crassland formation on sandy soil with
dense ground cover, Judd {1967) reported a specimen col-
lected in & plinyon~juniper-grass a2ssociation at 5,300 £,

elevation in the Chisos lfountains, I collected four speci=-

mens in Stipa grass at 6,700 ft. in laguna lieadow., Borell

e Y et

A ]

nd Bryant (1942) did not find R. megalotis in Big Bend
Park, ncr did Tamsitt (195l1) indicate this species at Black
Gep., Blair (1940) reported the western harvest mouse to be
one of the most widely distributed rodents in the Davis
Hountaing north of Big Bend MNational Park. 3Baker (1956)
collected only one western harvest mouse specimen in .north-
ern Coahuila (a location 1)} miles east of the southeast
corner of the park),

The wegtern harvest mouse ia more abundant and wide-

spreod in distribution in Big Bend than indicated by previous



publications. It ig found in shori-grais, short-grags-yuccea,
pinyon- juniper-grass, snd gram2-Stl:

Reithrodontomys magolotis hes an elevatiornal range between

2,500 and 6,700 feet,
Borell and Bryant (1942) ren cted two specimens of

Reithrodontomys fulvegcens ccllected in a sobtol-grama gras
Relthrod lvegce Llected a sotol-grarma grass

association in Pine Canyon (1,700 £t.)} and one specimen col-
lected in Juniper Canyon {1,800 £t.). One specimen was
trappred in CGreen Gulech in 1967 (Larry Brown, letter to Park
Haturalist). Yo specimens were taken during this investi-
pation, The fulvous harvest mouse is rare and occurs in the
canyon grasslands Where there is inéreased noisture and an
evenly distributed ground cover, 3Blair {1940} listed three
specimens from Limpia Canyon (l},300 £%.)} in the Davis Moun-
tains, but Baker (1956) stated that, in Coahuila, grassy
habitats marginal to streans or cﬁltivated fields were pre=-
ferred habitats. Taylor et al. (1945} obtained two specimens
on the wesﬁern foothills of the Sierra del Carmen in grass
neanr a-spring. Tamsitt {195L) did not indicate the presence

of R, fulvegcens at Black Gap.

"~ ———————— I oAt

-

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

areas with a vegetational cover of pinyon, juniper, oak, and
brush, Gressy meadows at higher elevations yielded few

specimens, M1l specimens were collected on rocky soil.

fU

coMySCeus ﬂecfcﬁalls ceceurs within the same elevational

range a8 P, boylii. The white-ankled mouse is mest abundant
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betwsen S,QOO and 6,000 ©%, in the pinyénnoak aszocliations,
whereas P. toylii is cbbtalned in maximom numbers in the more
mesic forest above 6,000 feet., Althoush P. pechoralis and
the brush mouse are round together in the Chisos ountains,
the white-footed mouse i3 usually Tcund in nore open grass
associaﬁions. Peromyscus boylii is mest abundant among rocks
near oalt, pine, and juniper Lrees. Rarely was P, Eectoralig
teken either on the exposed slopes of the nighsr elevations

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

ralis occurs intermediately belween Peromyscus eremicus,

Peromyscus maniculatus, and Perowyscus leucopus at lower ele-

vations, Tamsitt (1954} found 2. pectoralis to be the rarest

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

P. bgylii. Habitats similar to the Chisos Mountains in the

Davis and Sisrra del Carmsn lMountains yielded specimens of

P, boylii and P. vpectoralis (Blair, 1¢L0; Baker, 1956).
fo 2Oy Ll e & ’ s

The rock mouse, Psrcnmyscus difficilis, has not been re-

orted previously from Bigz Bend HNational Park or rans-Pecos
p IA

Texss, Dleven spsecimens were cantured on exonosed roc)
_ » C

(4]

lopes and ameng boulders at the north base of Emory Peak
(7,000 ft.). Rock mice were found in rockpiles where the
crevices and ground are blanketed with a thick layer of oak

leaves. Texes ladrone (Arbubus texana) and several species

of ork (Quercus spp.) are the dominant plents 2t this lo-

cality, XNeotoma mexicanz and P, boylii are alsoc present in

the rockpile habitat. Hoffmeister and De Ia Torre (1961) .
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reported specimens from Hew Fiozlco and the Slerca del Carmen
¥ountains in Coahuila, bubt no specimens from Texas., According
to their records, a hiabtus exists hetween Hew MMexico and
northern Coahnila. The presence of P. dirficilis in Trans-

Pecon Texas is confirmed and sore clarification of the

vern distributicn of the raock mcuse has been achieved.

19

o P
southira

Peromyscus eremlcus is an ecologlceally diverse species.,

Specimens were collected 1ln crecsote, creosote-lechugulilla,
grama grass-lechuguilla, lechuguilla-~ocotillo, prickly pesar,
and grama grass-pinyoﬁ-JuAJUGP agsociations in the three
nlant formatlons., Crecsote flats, desert grama grass-lechu-
cguilla, and prickly pear associations at elevations betweén
1,800 and 3,500 £t. are preferred habivats. Cactus mice
ocecupy the drier mountain slopes to an elevation of 5,500
4., but population densitles decrense with elevational inw-
crease. Thig aspecies vrefers rocky soils but occurs both
on sandy and clay soils, Borell and Bryant (1942} rsecorded
an elevational range between 1,850 and 3,500 ft. for P.
eremicus in desert envirormments and stafied that eromicus Ués

vhe most comnon specles of the gen ws Peromyscus in ng Bend

Park, Tamsitt (1951} indicated small populations ot Black
Gap, and Blair (1910) collected only four specimens in the
Davis iHountein region. Baker (1956) stated that P. eremicus

wad the nost widespread, as well ss most common,;ﬁygggﬂggﬁg

in Cezhuila. The distribution information on P. sremicus

440 b vk ek i s
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implies that this species is abundant in the eastern povition

of thé Chihushuvan Desert rom 3Big Bend Park south into

Coahuila,

Peromygcug maniculatus was found on desert plains snd

the lower foothills of the mountaina. Specimens were taken
ag low as 1,850 ft. in elevation and as high as 3,500 feet.
Dezer mice occur along arroyos, creeks, and on the floodplain
of the Rio Grande River in deep to shallow soils and where

mesquite (Prosopis glanduloss), cane (Phragmites)}, cacti,

and grassy cover exists. Trapping records indicate deer nice
occur in greatest numbers in areag of moderate grass with
higher soil moisture content than the surrouvnding desert

plain. Evidently P. meniculatus is ecologically limited in

distribution by soil texture and moisture. Blair (1940)
collected the me jority of specimens in grass associations of

the Davis.Hountains. Baker {(1956) failed to take P mani cu-
latus on the drier slopes that supported thick stands of
lschuguilla, but recorded them from grass-prickly ﬁear ag-
‘sociations. Borell and Bryant (191.2}) 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 Fational Park, FPercmvscus leucopus has a

riparian distribution. All szecimens were collected in the

53]
e
o
]

rande River floodplains, where trees and brush owodlced
a semi—woodland enviromment iIn assoclation with grass.

Dorell and Bryant (194.2) collected specimens in similar
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Baker (1956} rfailed to collect specimens of P. leucopus in

~

srn Cocahuila, Ho sgpecimens were collected in Black Gap,

-t

183
to the north of Big Bend Park (Tamsitit, 1951.).

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

pus and P. msniculatus inhabit thickets along the Rio

s e iy o ol e s o

Grande River., DPeronyscus manlculatus occuples the open
graggy 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. meniculatus.

Xelther specics occurs in large nuvmbers in the park.

The hispid cotvon rat, Sigmodon hispidus, inhabits

gragsy environments at lower elevations, especially in moist
ersas along streams where grasslsnd recovery nas progressad
more raplidly. There is conslderable grass along the marginsg

of the Panther Junction-larathon highway and extensive

£rassy tracts

[33]

are present.at Tornillo Creek and Boae Spring
Draw. The largest hizpid cotton rat population occcurs ad-
jacent to Upper Tornillo Creek with a smaller population at

Bone Spring Draw, Sigmodon hispidus is restricted to areas

of noderate to dense grass cover, Borell and Bryant (1942)

proposed a river bettom distribubion for this species,

based on four specimens. I collected only £170 specimens in
river bottom habitat and observed runways on a sandy knoll

in ¥ariscal Sanyon. Thirity-one swpecimens were collected in
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grassy hablitats 20 wiles fpom ths Rio Geande § iver. Ko gnec-
imens have been collecited in nowtlern Ceahulla ad
3ig Bend Parit (Baker, 1956} or north of Lhe park at Black
rap (Tamsitt, 1984). Ssven specimens were collected by
Blair (194L0) in grass sascceiasiong in the Davis Yountains.,
videﬁ*ly higpid cotton ratsg ar2 more numerous and widespread

.

than in previous years, correlating with grassland recovery.

2

gmodon ochrognzthus occurs in Grassland and Grags-

land~-Yecdland formations in Big Pend Fark., Populationg of

-

yvellow-nosed cotbon rais are present in Leguna Meadow, Pine

Mt

o

Canyon, Jualper Flai, snd Doulder leadow. Specimens in the

-

Texas AN colleetion woere teken in (Green Culch and at Boot

Springs. Sigriodon cehrognavthus occurs between elevations
of £,000 to 7,000 feet.

The cominant grass at all colleu““ou sites is Stiva.

In Laguna Meadow sideoztbs prama (QOU&blOU; curtinendulal,

Stiva tenuissime, and Stipa neomexicara ave present., Piayon

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

PR L AL W 1 L Y S = “U

ir

-

peanal}, Fonderosa 2ine (Pinus nenderosa), and Douglas i

(Pscudotsuga nenziesii) are dominant trees where §. ochrog-

nathus occurs. Juniper Flat was the only collection site

wnere oaka were dominant. The yvellow-nosed cotton rat is

rnost abundant in Sti

Ponderosa »ine-Douglas fir assccistions in the park. In

centrast, other investigators (RBlair, 1940; Baker, 19563

Balzer 2and Greer, 1962; Hollmeister, 1963; Baker, 1969)

'T]
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indicated a hablitat alfivity with osk or cak-junipor wood-

land in aasociablon with a variely oi grass sgpeciea. Hone
mentioned Stipa grass 23 a dominant whers specluens wers

-t e o e

collected.

Dariz, loose loam soils with few largs rocks corpose
the substrate at Boulder Teadow, Juniper Flat, and laguna
Feadow, but in Pine Caznyon 2 haed, rocky, c¢lay soll exists.
A1l four sites have a relatively flat terrain. Rocky soils
with a slope of as much as 11O degrees were inhabited by
S 99232:313@&2 in Arizona {Hoffweister, 1963). Canyon
valley floors with thick grass were occupled in Coahuila
(Baker, 1956) and in Durange (Baker and Greer, 1962). Gen-
eralizing habitat prefersnce for this species, Baker (1969)
stated that 3, ochrograthus lived chiefly on rocky slopes
with scattered clumps of grass. Iy dets indicate a pre-

ference fopr flet mbadoxs with a looge, loam soil, BLxtensive

trapping on the roclky slopes surrounding the meadows failed

(’J

to yie

J

14 a s.ecimen of the yellou -noged cotton rat

Burrows of the yellow-nosed cotton rat were examined in
Laguna eadow., Five burrows had an average diameter of 30
v, ZFach burrow was marvked by 2 Tan-shaped nouvnd of dift
and a ruaway leading into the grass. Surface runways are
conspicuous near the burrcw openings. Bvidence of the preg-

ence of S, ocarognathUO ia the runway, which extends from

-

the burrow several feet belore branching. Dense stands of

Stipa grass provide a canopy over the runway, Because of .
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upper lsvel covering, & yellow-nosed cotbon rat can traverse

-

nany feet of the runway withoubt erposuvre {rom above, Runways
average two inches in width and 75 £t. in length. Raker and
Greer {(19562) found 11 openings from a sinzle burrow system

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

go0il vrevented the dizging of burrows by 5. ochroz nathvs, but

abandoned burrous mads by Thomomys uvmbrinus Were viilized

Hoffreister, 1963)., There are no pocket gophers in laguna
s £

Mendow, but T. bottae is present in Pine Canyon. CGopher

burrow viilization in Pine Canyon is not confirmed.

Raker (1969} theorized that S. ochrognathus lived under

more xeric conditions than any other species of 3igmodon.
A preference for dry, rocky hillside habitats and small
nopulations were cited as reasons Tor his conclusion. In
Big Bend Nabtional Park, the mea&ows where S. ochrognathus
occurs are more nesic than the lower desert plains occcupied
by S. higpidvus. Greaber precipitation cccurs on mounna;a
rivadows; in addition, drainage from the slopes is chanelled
into the meadows. A more luxuriant growth of grass is pre-
sent in the meadows thén cn the mountain slopes.

The cowmon food of §. ochrognathus is grass. Grass
croppings are numerous in runways. In seagson (late summer
and early fall) the purple frult of the vrickly pear

{Cpuntia) a lavorite food. Purpls staining of the fur

[N
w

zround the mouth, uvnder the chin, and upper chest is cormmon,
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in Big Bend Park, 3. occurognathus is asgoccia

ved Wit

Relbhrodontonyd I

sula, Peromyscus

;
—d Z2 T ot R S ouhvball

boylii, Peromyscus pectoralls, and Perogmnaihus nelsoni.

Asgociates in other arveas are Relthrodontomys fulvescens,

Baiomys taylori, Sigmodon fulviventer, Iiomys irroratus,

Peromvscus eremicus, Simrodon hilsnidus, and 83 gnodon lew-
re ¥ £ 2 9 QUS4 w3

v r T

Blair (1940) reporsted seven $. ochroznathus specimens

s

Trom the Davis IMountains, wnd Taylor et al. (1945} found

cubttings, burrows, and pilles in the Sierra del Carmen

ountains.,
Grasslend and Woodland plant formations are inhabited

by Weotoma albigula, Crama grags-prickly pear, grama grass-

yucea, grama grags-ock, Stipa grasg-prickly pear, and

pinyon-Juniper associatl s suprort populations of this
species., Data analysis indicates a preference for rock
soils and brushy habitats, The availébility of VG”Gu“LTOn,
which afLOPH“ sh er for houvses, seemed jo affect their
apundance rwore than the compesition of the terrain

(Davis, 1966). The white-throated wéod rat ranges between
3,700 and 6,800 £t. in elevation, and occurs in greatest
numbers betwsen 1,500 and 6,000 £5. in the pinyon- juniper

woodland., Heotoma albipula certainly is the most abundant

wood rat in Big RBend Parlk. Borell and RBeyant (19L2) col-

lected only four speecimens from 5,000 to 5,200 £t. elevation,



Gls
and 3lair ( 7&0) obbained two spe yeimens in the Da ig foun~
teing, Twenty-one snecirmens wsre utrapped at Black Gap
(Tamaitt, 195lL).

eoboms mexicena innablits the talus slopes and rock-

o

nileg of Mount Lnory. Spacimens wepre tropped on and under
poulders with a deep litier consisting of oakx leaves in a

plant associstion of mixed oalts and conifers. o houses

¥

wvere observed and it is assuried that underground dens afe
nged. The only indlcation of ihe Specieﬁi presence is
dronpings on rocks, The environment on Fmory Peak is mesic.
Tichens are present on the rocks and trees, and lea? litter
igs damp. The area is shaded most of the day by muory Peak.
Similar situvations were inhabited by . mexicana in Cozhuila
(Baker, 19558)..

Kexican wood rats have not been reported previously
from the Chigos Mountains. Blair (1940} collected nine spec-
imens in the Davis Iountains; all weré caught near rock
nagges on steep canyon walls, Baker (1956) reported speci-
mens collected in ﬁixed oalks with some conifers from as low
ag ;1,800 ft. in elevation to a height of 8,000 ft. in the
Sierra del Carmens, Gvidently the zcological reguirements

of ., mexicana isolate it from The other species of Heotoma

e A A+ ks ol s .

in Big Bend Park.
The gray wood rat, Heotoma micropus, is characteristic

of the arid Desert Shrub formation. Individuals are common

on the creosdte, prickly pear, and cholla desert flats of
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deen sand, but also occur in brugh tnlhkpts of cane and mes-
aulte along the Hlo Grande River.

Heotona m:cronua is not as an elaboralte nest builder as

¥, albigula. Only a few sticks and pleces of cactus are
strewn aboubt the nest cpenings, ost of the nests are under-
ground with two or three external ovenings. 211 nests are
situated in the middle of a cluxp of pricikly pear, chclla,
or catclaw (fcacia), end well protected.

Specimens of the gray wood rat were collected in the
elevational range of i,900 to 3,000 feet, Gray wood rats
are moaf abundant in the lDesert Shrub formation, but three

specimens were collected at the extreme lower margin of the

Grassland formation. Neotoma miciepus is separaved from

M. 2lbigula by the Grassland formation. Neither speciss

Eal

demonstrates a great alfinity for open gressland.

Borell end Eryant (19L2}. listed . micronus as wncommon
in the park. No specimens have been collected adjacent %o
ig Bend KHetionzl Park in northern Coahuila (Baker, 1956).

Rlair (1940) trapped two gray wood rats in the Davis HMoun~

taing, but none were obtained at Black Gap (Tamsitt, 19584},

L find the absence of ¥, micropus at Black Cap iniriguing.

) dd

The majorlty of Black Gap habitats are of similar commogition

%o those preferred Ey H. micronuvs in 3ig Bend Park. Tamsitt
noted IT. 2lbignla apecimens were dblue-black and gray in
color. Specimens of . mieropus in the park are gra y to
gray-black in color, whereas N. albizula tends to be various

shades of hbrown.
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fNenroduction
Rodent breeding sesgong usually occur at a time moest

advanvageous for the pregnant Tfemale and the newborn young.

5

Bvern in rodenfs that breed at all times of the year, there
is vsually some period of lesger activity associated with
periods of environmental gtress, ILate spring to early sum-
ey is the time ol greatest envirommental stress on rodents
in Big Bend Mational Park, and the data indicate a phase of
reducead reproduction. In conjunction with lower reproduc-
tilcity, rodent populations are at a minimua in the early
sumﬁer. The results of the present study show two pregnant
females taken in lay and none In June, Trapping results
for two summers reveal 0.05 rodents taken per 100 irap
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 (Boderheimer and Sulmen, 1906). The presenf bre-
eding results are generally consistent with previous data
(Cockrum, 1962; Davis, 1966; Lord, 1960; Smith and‘M&Ginnis,
1968), but there are excepbions.

The number of embryos psm» female for 18 pregnent
“erriam kangaroo rats averages2,50 (1-5). These females

were collected from Auvgust through Farech. Average rumber

[

of young per female during this time is fairly cconsistent,
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varying from 2,77 for August to December, dovm £o 2.28 for

nuary Lo March. A reproductive study of Dipodomys mepr-

riami in aouthern LrTizons (Reynolds, 1%960) revealed an

average litter size of 2.02 (1-3). Average nuunber of vyvoung
g & >

is lowest in Cetober (1.50) and highest in Sepbember (2.18).

v

The months of lowest reproductive activity in southern
Arizona, Cctober through March, (Reynolds, 1960}, are the
highest months in Blg Eend Hatiocnal Park, indicating a sig-
nificant difference in the reproductive activity of D.

merriami in Big Bend end the same speciea in southern Arizeona.

Feroryscus eremicus bears litters every month cf the

year except May, June, and July. The reduction in breeding
correlates with the general pattern of rodent reproduction,

¥eximom litbter size for P. eremicus is five, with an aver-

age of 3.10 (10 litters)., Svihls (1932) reported a mean

litter size of 2.60 in P. sremicus, based on five litters;

Davis and Davia (1947) found the mean number of young in
4Ol litters to be 2.1.2; Baker (1956) obtained an average

‘litter size of 2,70 (38 litters) for P, ersmicus in Cosnulla,

-

Zyclman {1966) in a laboratory study of P. eremni-

s o s

Brand and
cus taken in southern Californis, repvorted an average libter
size of 2.22 (1Lt litters}. Iy data svgzest =2 Ia?&e litser
size Cor P, eremicus and correlate with the litter size of

the deszsert mouse in Coahuils, Zvidently female GTdﬁlCL

- a

vroduce larger Litiers in the esstern distributional areas

than in the western arsas,
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Sigmodon ochnopnathus hreeds taroughout the year in

i Ao e 4 b s ae m

T

Big Bend Park. Pupulations usually contaln more juveniles

"'d

than adults. Seven pregnant females had an average litter
size of 3.57 (3-5). Tour female S. ochrognathus collected
in gouthern Arizona had endryo numbers of two, three, three,
and four, and lqu?atory raissed fermales had an average lit-~

tor size of 3,00 (Hoffmeister, 1963). Baker (1956)

reported the following embryo. couvats for S. ocnrognathus in

Coghuilas: two, two, six, seven, eight, and nine. Litter
size of the yellow-nosed cotion rat in Big Bend Park is
laprger than the sizes recorded for this species in southern

Apizona.

Ectoparasites

Iike wmogst lxodid ticks, larval Trombilcu 1 dae attaeh to
shelir hosts only while feeding. Chiggers Teed even less
frequently than the other mite families; therefore, a great
portion of their 1ife span is spent off the host. Engorged
mites drop from thelr hosts, and when ready to feed again
climb to a vantage point and await the passage of a suib-
able host. Although the chiggers are found on various
vertebratas, they are not particularly host SpGCifiC;

Hozt selection is based on évailability of gatisfactory
hosts to unfed, active larvae and certein chiggers have host

nreverence hased on Intimate assoclation and physiological

selection and rejection (loomis, 1970). Host preference
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Naks

on one to several rolated speciss seems'to ocour {regusntly.

cycles.

Certain morphological d
vironmental factors. ILaprvae of desert specles tend to be
simaller and lack or have shorter sebae on the body and legs.
Seemingly these modificabions are directly related to water
conservation (Loomis, 1970}.

Mo previous study of the chigger paf%ai es on rodents
in Big Bend Nabional Park bas Deen published. Toonmis and
crossley (19563) included szome records from the park in a
study of the chiggers {rom Texsg, The present investigation

adds to the knowledse of host preference and distribution of

chiggers in the northern Chihuahuan Desert.

>

The rodent distridbution appears to correlate with in-

cidence of chigger parasitism, leotoma alblgula and FPerog-

- )

nathus nelsoni occur tegether in similar habitats, and nine

chigger species are hosited by both species., Feromyscus

v

pectoralis and yeotoma albigula have seven trombiculid spe-

cies in common, but Perormyscus pecioralis and Perograthus

nelsoni, dve to habitat preference--brush versus grassland--

. e ——r

jointly host only two speciea. Peromyscus boylil, Fercmyscus

Adifficilis and Heotoma mexicana inhablt rocky habitats at

— —r—, albv—: s a—

hisher elsvations. All three a:

-yt
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zastia cricetvicola and Hayella lacerta. Feromyscus boylii




end P. d_jflggj_w.are hosts for fgrudeschecnpostla faznerd.

Habitat preference by these thres cricetlid hogts correlates

with the incidence of paraisite gpecics. . A similar gituation

exists for Deyp ,tals nierrelami

S VUMDV

athug penlcillatvs,

In the present study, chigger infestation is indepen-

dent o sex and

e

elative age; however, evidence indicates
that larger anlmals of 21l sex and gxe classces were more sug-
ceptible to vrombiculid parasivism, If it is agsvmed thﬁt

lerzer individuals tend to be mnore activé, these resullts may

be consistent with the lintervpretation.



APPENDIN I

The following is a sumsery of the host-parasite rela-~
tionships of the rodent sgpecies in Big Bend National Park.
sctoparesites col-

e rodent specles and the tronbiculid

lected from the specifilc hests are listed
otal chigger species, L, as

Spermophilus snillosoma.
astoides hoplal (Loomis); Fonsecia

Lentrotrom-

Buschoeng
iyooneocula arenicolse (Loomis);

Twing); Hy

follows:

curneyi (B
bidium vanamense (Ewing)
Spermophilus variegatus, Tobtal chigger species, 1, as
i {Oudemans).

Butrombicula alfreddugesi
er species, 1,

Total chigg

follows:

trmognernionnilu

interpres,
Teotobrombidium panarsnse (Zwing)

1, as follows:

30

follows:
Thomomys bottae, otal chigger species,

cuschoengestoides arizonae Loomis.
fotal chigger species,

1, &8

Pznpogeomys castanops.

Hyvoneoecvla arenicola {Loomis)
Perognathus merriami, oval chigger species, 10, as
sugchoengastoides arizonae Loonis; Luschoenga

follows:

follows:




,\
3
W

Otorhinophila Dbaccusi n. sp. Loomis and Urenm; Fgeudoshoen-

zastia n, sp.

.._.._,.,......

Perognathus nelsoni. Total chigger. species, 11, as

follows: Huschoengastoldes arizonae ioomis; Buschoengsstol-

-

deg hoplai (Toomis); Ruschcengestoides loomisi (Crossley and

Lipovsky); Euschoenrastoldes neotomae Loomis; Guschoengag-

toides similis n. sp.; Hexidionis allredi {Brennan znd Beck);

Eynoneccula asrenicola (Loomis); XKayella lscerta {Brennan);

Teptotrombidium pansmense (Ewing); Pseudoschoengastia hun-

- v

erfordi Lipovsky; Pseudoschoengastia n., sp.

Ferognavhus oenicillatus. Total chigger species, 9, as

follows: Huschoengastoides earlzonze Loomis; Euschoengastoi—

des hoplai {(Loomls); Buschoengastoides similis n. sp.:

Texidionis allredi (Brennan and Reck); Hexidionis harveyi

Loomis and Iucas; Hyponeocula arenﬂcola (Loomls}; Xayella

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

Wrenn; Pseudoschoengastia n. sp.

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

Loy

lows: Zuschoengastoides er onae Loomis; Buschoencastoides
;] =)

hoplai {(Locnis}; Ponsecisa gurneyil (Bwing); Hexidionis 2ll-

redi (Brennan and Beck); Hexidionis herveyl Loomis and

Tuecas; Hyponeocula arenicola (Loomis); Otorhinophila bac-

cusi n. sp. Loomis and Wrenn.

i

Reithrodontomys megalotias, Total chigger specles, 2,
as follows: Hexidionis harveyl Loomis and Lucasg; Pseudo-

choengagtia whartoni Brennan.
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Peromyscus eremicus. Total chigger specles, 9, as fol-

-

ai

iows: Sasacarus whartoni (Hoffmann); Suschoengastoides

~loomisi (Crossley and Lipovsky); Buscheencastoidés neotomae

Loomis; Fonsecia gurneyl (Bwing); Kayells lacerta {Brennan};

Leototrombidium panamense (BEwing); Pssudoschoengastia farneri

-

Lipovsky: Pseudoschoenqastia hungerfordl j

e

Lipovsky; Pseudc-

& s g— -

schoengzastia whartoni Brennan.
- S

Peromyscus meniculatus. Total chigger gpecies, 1, as

Tfollows: EHexidionisg harveyl Loomis and Lucas.

Peromyscus pectoralis. Total chigger species, 9, asg

follows: Sasacarus whartoni (Hoffwanun); Euschoensastia cri-

ceuloo1a Brennan; Ruschoengestia n. sp.; Zuschoengastoides

Xa > A

;oomisi (Crossley and Lipovsky); Buschoengastoides neobomae

Toomis; =uschoengastoides similis n. sp.; Fongecia furneyl

(Bwing); Lepteotrombidium panamense (Ewing); Pseudoschoensas-

2 ]

Peromyscus boylii. Total chigger species, 3, as follows

Buschoengastia criceticola Bremnnan; Kayella lacerta (Brennan):

Psaudosbhcengggtia farneri Lipovsky.

rmodon ochrognathus,., Tohbal chigper soscies as
lgm 2N S P P)

follows: Zuschoengastia criceticola Brennan; Fonsecia

gurneyl (Bwing); Ieptotrombidium panzmense (Bwing); Pseudo-

schoengastia hungerfordi Lipovsky.

feotoma micropus. Tobtal chigger species, 7, as follows:

Bugchoengastia criceticola Brennan; Buscheoengasf{oides




9l

loomisi (Crosaley and Lipovsky); Huschoengestoides similis

n. 8p.; Bubrombicnla alfreddugesl (Cudewmans); Hexidionis

allredi (Brenrcan and Beck); Lepiotrombidium panamense

(Ewingj; Pseudoschosngastia whartoni Brennan.

Leotoma hlblgqla Tobal chigger species, 13, as fol-

lows: Odontacarus morlani Brennen; Sasacarus whartoni

(Hoffmann); Huschoengesiia criceticola Trennan; Euschoen~

A At e v vl

gestoides hoplei (Loomis); Zuschoengastoides loomigi

[ Mot

(Crossley and T Livovsky); Buschoenzastoides similis n. sp.;

Fonzecia gurneyi (Bwing); Hexidionis alliredi (Brennan and

3eck); Hyponeocula arenicola (Toomis); Kayella lacerta

(Erennan); Is»botrombidium vanamense (Zwing); Pseudeschosn~

gestia Tarneri Lipovsky; Pseuvdoschoensgestia hungerfordi
Lipovsky.

Heotoma wmexzicana., Total chigger species, 2, 28 follouws:

Fuschoenzastia criceticola Erennan; Kayella lacerta (Brennen).




APPAUDIK IT

s studied.

@

The following 4is a list of the rodent speci

o atterpt hes been made o exd nmine a1l the specimens col-

ties, elevatlions,

i—'

lected in Big Bend Kational Parlk, Local
and number colleched are given. Specimens not collected by
me, have the institubional names abbreviated and in paren-
theses. These are Big-Benﬁ Tational Fark Iermmal Collection
(B31P); Texas Cooverative Wildlife Collection, Texas A&M
University (TOHC); Iniversity of South Tarpa (US?); Univer-
sity of Hichigan (Ui); Texas Technological University (TT).

Spermophilus mexicanus. Specinens exanined.-~--Total,

2, from: Rio Grande Village, 1,850 ft., 2 (BBHP).

=4

Observabions. Rio Grande Village, 1,850 ft., 5.

Svermonhilus snilogsoma, Specimens exemined,--Total,

16, from: 5 mi. SW Rio Grande Villsge, 1,850 ft.; 1; 8 mni.

=

SW Ric Greande Village, 1,925 ft., 1; Panther Junction, 3,700
r%., 2; Lower Tornillo Creek Bridge, 1,925 ft., 1; N
Chilicotal i%,, 3,500 £t., 1 (U¥); B 3uvrro lesa, 1,000 £t.,
1 (TCHG); Hail Ranch, 3,500 6., 1 (TGUC); Fouth Santa
Alena Canyon, 2,100 ft., 1 (TCWC); UE Panther Juncbion,
3,700 f6., 7 (BBYP).

idditional records {Dorell and Bryant, 1?32:20):

7 Bnd lariscal L., 2,300 ft., 3.

35



36

Obhservations., 12 mi, I Panthsr dJunctlion, 2,900 £t., 2;

'u

vhilus variegatus, Specimens examined.--Total,

Ferglimmon Gap, =,900 L., 1; L ni, ¥ Cagtolon, 2,700 rt., 1.
508 5

8, from: 3 wmi. ¥ Basin, 5,550 ©t., Ll; Juniper Canyon, l,500
Ly

{TCWC}; Casa CGrande,

<t
-
{-a

6,000 Tt., 1 (TCYC); Boov Sprinzs, 6,500 ©t., 2 (LCHE);

Upper Green Culch, 5,300 7., 2 (BBHEP).

’_.

1Gditional recorda {Borell and Zrvyant, 19h2:20): Jun-
iper Canyon, h,500 ft., 2
Culch, 5,200 ft., 3; (Bailey, 1905:83): <Chisos Mbs.;
(Howell, 1938?1&1): Chisos ilts.: Boquillas;

Observaticns., FE«~Zav, 3,700 ft., 1; I Slope Lmory Peak,
6,800 £t., 1; Panbther Canyon, 1,300 £t., 1.

famesyermenhilug Interpres. Specinens examined, --

Total, 10, from: Zesin, 5,560 ft., 2; Pine Canyon, 5,100
rt., 1; ®-Bar, 3,700 £t., 1; Cek Creek, L,000 ft., b (®CWC);

Blue Creek Canyon, l,500 £t., 1 (TCWG); Wilson Ranch, l,000

addéitional re&crﬁs (Borell and Bryant, 1942:21): Pine
Canyon, l,700 ft., 1; Green Gulch, 5,200 ©t., 2; Pasgin,
5,200 £t., 1; (Eowell, 1638:180): 3Boguillas.

Ceservations. Upper Bagin, 6,100 {t., 2; Terlingua

Abaja, 2,350 6., 1; 3 mi, SW Rio CGrande Village, 1,850 ft.,

‘Panther Cenyon, 4,500 {t., 1; Basin, 5,500 ft., lu; K-RBar,



Thononys betbae, Specimens examinéd.maTotal, &, feom:
on, 5,000 £t., 1; Boob Sorings, 6,600 £t., L (TCWC);
2 mi, @Y Lone i%L,, 2,400 ft., 2 (TCWC); apavine Hills,
3,500 £%,, 1 (TCUC); Panther Junction, 3,700 £t., 1 (I7);
Pulliam Canyon, 5,200 ft., 1 {BRYP); Panther Juaction, 3,700
™., 1 (BBRNE).

dditional records (Sorell and Bryant, 1942:21-22):

;;;

Green Gulch, 5,200 ft., 2; 2 Dase Burro Xesa, 3,500 ft., 2;
Glenn Sorings, 2,606 ft., 1; Boguillas, 1,800 I%., 1;
(Bailey, 1915:89): B'o illas: (Goldman, 1936:119):
Beguillas,

Pappogeomys castonopg. Specimens examined.--Total, 6,

from: 3 mi. ¥ Rio Grande Village, 1,900 ft., 1; 5 mi., SW
Tio Grande Village, 1,350 £t., 1; 8 mi. S¥W Rio CGrande Vil-
iage, 1,925 ft., 2; Castolon, 2,100 ft., 1 (UM); Houth
Santa Eleﬁa Canyon, 2,100 ft., 1 (2CWC).

Additional records (Borell and Bryant, 1942:22): 1 mi.
SW Boquillas, 1,850 ft., 3; Big Bend Rio &rande, 2,000 ft.,
.6; Johnson Ranch, 2,060 £t., 2; (¥elscn and Coldman, 193h:
138): Boguillas,

Perosnathus merriami. Specimens examined.--Total, L6,

from: 5 mi, ITW Panther Junction, 3,523 ft., 1; 1 mi. H

fenther Junction, 3,800 ft., 1; 3 mi., SE Panther Junction,
3,700 £5., 15; Green Gulch, L, 200 ft., 5; Tower Tornillo
Creek, 1,925 ft., 2; 8 mi. SW Rio Grande Village, 1,925 ft.,

1; 13 mi. ¥ Panther Junction, 2,400 £t., 2 {(TT): Dugout
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Wells, 3,500 £t., 1 (i?}; Castolon, 2,700 ©t., 3 (Ui): Cak

Creek, Q00 f£t.y, 1 (P00 Paint CGap Hills, 3,500 ft.,
5 (TCWC); Nail Ranch, 3,700 ft., 4 (2CUWC); 2 mi. I Lone Ib.,
3,100 5., 2 (TCWC); Creen Guleh, 5,600 f%., 1 (2BHP): Rio

Grande Village, 1,850 £t., 1 (BBiP): Panther Junction,
3,700 ft., 1 (BSuP).

Additional records {Borsll and Dryani, 19h2:23): ] Eﬁd
Mariscal ¥b., 2,300 £4., ).

Ferognathus nelsoni., Specimens examinzd.--Total, 71,

from: Basin Campground, 5,56C ft., 5; Pine Canyon, 5,000
tt., 17; 3 mi, 83 Panther Junection, 3,700 ft., 2; FPersimmon
Gap, 2,875 £t., 2; Fark Zntrance, 2,835 ft., 1; 7 mi. 83
Panther Junction, 3,350 ft., 1; IeXinney 3prings, 3,100 ft.,
1 (TCWC}; Cak Creek, 1,000 £%., 2 {

1,200 5., X (TCIC); Blue Greek, b,250 £%.,

Canyon, 1,500 £%., 1 (PCWC); Pine Canyon, 5,100 ft., 1

]

{(TCWG); Pine Canyon, 5,300 7t., (TGHC) Green Gulch, 5,000
ft., 2 {TCUC); Grapevine Hills, 3,300 0t., 1 (¥CWUC); Grape-
vine Hills, 3,100 ft., 3 {TCiiC); Castolon, 2,200 £t., 1

{UM); 3 mi. HE Solis Ranch, 2,100 ©t., 1 (Ux); iV Slope

Chilicotal Mb,, 1 (UM); Pins Canyon, L,700 fH., I (UsD);
Green Guleh, 5,000 7 3 (UST); Daggmer Flat, 3,450 r&.,

n)

7 {(TT); Green Guleh, 5,300 Tt., {1i7)s Rlue Creck Ranch,
3,900 ft., 5 (TT); Slue Creselz Ranch, 3,900 t., 2 (B3:@2).
sdéitional records (3orell and Bryant, 1912:25):

1%8., 1; Pine Canyon, L,700 Tt., 8; Juniper Canyon,
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1,,800 £%., 23 Bognillas, 1:; Flaan Speings, 2,000 #t., L

¥ Znd Marisecal Mb., 2,300 ft., 23 Pinnscle Springs, 2,800
ft., 9; Smoky Sorinzs, 2,200 ©t., 1; (Bailey, 19C65:140):
‘Boguillas; ® Base Chisos Ita.; (Warner, 196L): CGoverument

Svrings, 3,958 ft., 1.

Perosnathus nenicillatus, Ssecimens exanined.--Total,

112, from: 5 mi, 4 Panther Junction, 3,523 ft., 1; L mi,

Pt

S& Panther Juncition, 3,000 ft., 2; T ni, Su 2io Grande Vil-

lage, 1,850 ££., 13 & mi. 87 Rio Crande Villege, 1,925 ft.,

her Junciion, 2,820 £t., 3; Wine
Point Draw, 2,600 £t., 2; 19 mi. SW Panvher Junction, 2,250
©t., 3; Lower Tornillo Creek, 1,925 Tt., 1; 4L mi. ¥ Rio
Grande Village, 1,900 ©%., 18; Rio Grande Village, 1,850 rft.,
1; Castolon, 2,200 f%., 2 (UM); 3 mi. XK Eot Springs, 2,000
5., 1 (Ul); TE Solis Ranch, 2,500 ©5., 2 (UH); Dugout
ells, 3,500 ©t., 12 (2T); Upper Tornillo Creek, 2,800 ft.,

TT); Cek Creek, 1,000 £t., 9 (2CWC); Paint Gep Hills,

}; Mail Raench, 3,500 ft., 1 {TCWC); Tor-

nillo FPlat, 2,800 £t., 1 {(7TJ0g).

Additicnal records (Borell and Bryant, 19L2:2h): Gano
Sporings, 3,000 ft., 1; Z 3ase Burro iesa, 1,h00 ft., h;
Boquillas, 1,800 £t., 3; Glenn S»nrvings, 2,060 7t., 3; # =nd
2ig Bend Rio Grande, 2,000 f+t.,

283 lMHoubh Sante =lena Canyon, 2,100 7t., 6; HE Dase Mesa de
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]

A Bage Chisos ithg.; (YWarmar, 19601): lsnnold Gravas, 3,100 #t.,

o

s Rio CGrande Village, 1,087

7
Dipodomys merriami, Speclmens ersnlned,--Total, 96,

B it Y T % $ s e A P SR AW

fpom: 5 mi. IW Panther Junction, 2,523 £%., 63 i mi. S@ Pan-
ther sunebion, 3,000 ft,, 1; fanther Junction, 3,700 ft., 1;
3 mi, 833 Panther osuneciion, 2,700 £t., 1:; 8 mi, SW Rio Grande
Villoge, 1,925 74., 7; 6 mi, 4 Castolon, 2,34l ©t., 5; 10
mi. NZ Panther Junetion, 2,520 ft., 19; Iine Point Draw,
2,600 5., 2; Fersginmon Gep, 2,900 rt., 2; Park Enbrance,

.y, 3; L mi, S Persimmon Gap, 2,700 ft., 1; Lower Tor-

nillo Creek, 1,925 fvt., 7; 16 mi. 3V Fanther Junction, 2,25

=
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2,100 rt., L (90WC); MeKinney Springs,

2,100 ., 1 (@CWC); Cak Creek, 3,900 ft., 2 (CCWC); Paint

2,150 £6., 1 {0K); 3 mi, i Hot Springs, 3,000 ft., 1 (U1) 3
% Solis Ranch, 2,200 £4., 1 (UK); Chilicotal, 3,700 £t., 1
{

(Ull)s Dagger Flat, 3,450 fi., 6 (TT); 2 mi. I Panther Junc-

tion, 3,500 ft., 1 (T%®); 12 mi. ¥ Panther Junction, 3,300
ft., 5 (77); 9 mi. ¥ Panther Junection, 2,800 ft., 33 b =i.

3 Haill Ranch, 3,500 ft., 2 (B3NP).

fdditional records (Borell and Bryant, 194.2:27): E
Base Durro ifesa, 3,500 £t., 33 1 mi. SW Boguillas, 1,850 rt.,
l;.ﬁ BEnd F&riscal ., 2,300 ft., 93 ilcuth Sante Elena Can-
von, 2,146 ft., i3 ¥ HEpd Mesa de snguila, 2,300 £., 1;

{Pailey, 1905:150}: Beguillas
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mens examined.-~Total, 11, {froms

r-l’
fde
+
(]
(]
j

e .
Digacdonys orall

10 mi. M3 Panther Junction, 2,820 7t., 9: Johnson Ranch,
2,100 ft., 1 (?0dC); wouth Santa Zlena Canyon, 2,100 ft.,
1 (TCUC).

Additional records {Berell and Bryant, 1942:27): Mouth
Santa &lena Canyon, 2,16 ©t., 2; Big Bend Rio Grande, 2,000
ft., 1l; Johnson Ranch, 2,100 ft., 2. |

Relthrodontomys fulvesceﬁs. Specimens exanined.--Total,

1, from: Green Gulch, 5,000 £t., 1 (UST}.
Additional records (Sorell and Bryant, 1942:29): Juni-
per Canyon, 1,800 {t., 1; Pine Canyon, l,700 ft., 2.

Reithrodontomys megalotis. Specimens examined.--Total,

37, from: 10 mi, HE Panther Junction, 2,820 ft., 26; Bone
Cveek Draw, 2,590 ft., 3; Laguna leadow, 6,700 ft., li; Green
Gulch, 5,000 ft., 2 (UST); Greeﬁ Guleh, 5,300 ., 1 (D7):
Green Gulch, 5,500 ft., {BBNP).

Peromyscus boylii. B3pecimens examined.--Total, 58,

from: Pine fanyon, 5,000 ft., 1; Pine Canyon, 5,100 ©t., 1;
Bounlder Hﬂadow,'5,700 ., 11; Laguna Meadow, 6,700 ft., 20;
N Béne Hmory Peslk, ?,OGO ft., 11; Basin, 5,560 ft., 1; Green
Gulch, 5,600 ©t., 5; Pine Canyon, 1,700 ft., 8 (UST); Green
Gulen, 5,000 f£t., 6 (US?); Green Gulch, 5,700 £t., 1 (UST);
Boot Springs, 7,100 £t., 3 (TCWC).

. 1Additional records (Rorell and Bryant, 19ﬁ2:32): Pine
Canyon, 4,700 ft., 5; Green Gﬁlch, 5,000 ft., 8; Oak Creek,

5,000 ft., 6; laguna Meadow, 6,500 ft., 2.



102

Peromyscus difficilis., Specimens examined,--Total, 11,
from: Pine Canyon, 5,300 ft.; 1; Iaguna ieadow, 6,800 ft.,
; I Base Ewory Peak, 7,000 £%., li; Green Gulch, 5,700 ft., 1.

Peromyscus eremicus. Svecimens examined.--Total, 78
) il X s 3

from: Basin Campground, 5,560 ft., 1; Pine Canyon, 5,00C ft.,
1; Pine Canyon, 5,100 ft., 1; 3 mi., SE Panther Junction,

3,700 f£t., 7; K-Bar, 3,700 f£t., 3; 10 mi., ¥E Panther Junc-
tion, 2,820 ft., 7; H¥ine Point Draw, 2,600 ft., 2; Park
Zntrance, 2,600 ft;, 1l; Persirmon Gav, 2,850 ©t., 1l; Lower
Tornillo Oreek, 1,925-ft., 1; 3 mi, SE Panther Junction,
2,100 ft.,, 1; 7 mi, SE Panther Junction, 3,350 ft., 3: SE_
Castolon, 2,200 f£t., 2 (UM); 1 mi. IE Solis Ranch, 1,900 ft.
S (UM)} Dagger Flat, 3,450 ft., 8 (TT); Panther Junciion,

3,700 ft., 6 (77); 13 mi. I Panther Junction, 3,400 ft., 2

o

(1%); Sotel Vista, 1,000 £t., 5 (7T); Blue Creek Ranch,

5,000 £t., 1 {(T7)

(TCWC); K-Bar, 3,700 ft., 6 {UST); Wail Ranch, 3,500 ft., 2

Mouth Santa Elena Canyon, 2,100 ft., 1

e

[

(TCWC); Paint Cap Hills, 3,500 ft., 1 {TCWC); Wilson!'s
Ranch, 3,500 ft., 1 (TCWC); Green Guleh, 5,000 ft., 1
(TCWC); Burro iesa, 3,000 £t., 1 (TCWs); 1 mi. W Gfapevine
Hills, 3,100 ft., 1 (7C¥WC); 2 mi. W Lone kt., 3,000 ft., 1
(TCWC); Mouth Green Gulech, 5,000 ft., 2 (TCWC); Tornillo
Flat, 2,900 ft,, 2 (TCWC); Government Springs, 1,000 ft.,
1 (TCWS). |
Additional records (Borell and Bryant, 19&2:29—36):

2 Chisos Mts., 3,800 rt., 3; Tornillo #lats, 2,800 ft., 2;

-3
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¥ Bage Surro Hesa, 3,000 ft., 1; 2 Base 2urro Hesa, 3,600
6. : 84 RBoguillas, 1,850 ft., 2; Glenn Springs, 2,060
;] > ) 3 b 5 2 P 2

il Bnd Fariscal Et., 2,300 ft., 2; Big Bead Rio

]
<l
-
-
-
-

Grande, 2,000 ft., 12; fesa de inguila, 2,000 {v., 2; Pin-
nacle Springs, 2,800 ft., 3; Fouvth Senta Elena Canyon, 2,140
5., h; (Bailey, 1905:101): Boguillas; (Osgood, 1909:2l12}:
Boguillas,

Peromyscus leucoous, Specimens examined.--Total, 11,

from: S mi. SY Rio Grande Village, 1,850 ft., 1l1.
24dditional records {Borell and Bryant, 1942:31-32):
B Base Zurro lMesa, 3,500 ft., 1; 1 ml. S¥W Bequillas, 1,850

t., 5; Big Bernd Rio Grande, 2,000 ft., 2; Johnson Ranch,

Peromyscus manicvlatus. Specimens examined.--~Total, 9,

from: Johnson Rench, 2,020 ft., 2; Bone Creek Draw, 2,594
ft., Lty Big Bend Rio Grande, 2,00d ft., 1 (UM}; Houth Santa
“lena Canyon, 2,100 ft., 2 (TCWG).

Additional records (Borell and Bryant, 19Lh2:31}: E
Base Bufro iesa, 3;500 ft., 5; ¥ End HMariscal Mc., 2,300
f%.,, 1; Johnson Rench, 2,060 ft., 1; (Bailey, 1905:97):
Bone Springs; {0Osgood, 1609:86): Bone Springs.

Peromyscus pectoralis. Specimens examined.--Total, 111,

from: Green Gulech, 5,700 £t., 1; Juniper Flat, 5,600 £t.,

1; Boulder Meadecw, 5,700 ft., 6; Upper Basin, 5,500 ft.,
2s Pine Canyon, 5,100 ft., h3; Ieguna MHeadow, 6,700 ft., 7;



{(UsST); Gpeen Guleh, 5,000 {5.; 29 (UST); Green Gulch,
5,300 ft., 1 (TCWC): Boot Snrings, 6,000 ©v., 11 (FOWS);
Pine Canyon, 5,300 rt., 1 {¥GWC); Cak Creek, 4,000 #t., 1
(BBEP).

2dditional recorda (Borell and Dryant, 1942:33): Chi-
sos 1ts., 5,100 £t., 1; Besin, 5,100 ft., 7; (Osgood, 1909:

165): Chisos Its.

Onychomys torridus. Record (Borell and Sryant, 19h2:

isnidus. Speclirens exanined.--Total, 3,
from: 5 mi, SW Rio Grende Village, 1,850 ft}, 2y 10 mi, LB
Penther Junction, 2,820 ft., 26; Bone Springs Draw, 2,59
ft., 5; Grapevine Springs, 3,000 ft., 1 (TCWC).
Adaitional records (Borell and Beryant, 19L2:3l1): Big
RBend Rio Grande, 2,000 ©t., 3; Johnsocn Ranch, 2,060 £t., 1.
Sigmodon ochrognathus. Svecimens ezzmined.--Total,
58, from: ILzguna lsadow, 6,700 ft., iO; Pine Canyon, 5,100
4., 203 Juniper Flat, 5,500 ©t., 3; Boulder leadow, 5,700
£t., 1; Grecn Gulech, 5,000 rt., 5 (UST); Green Guleh, 5,600
£t., 6 (TCHC); laguna leadow, 6,700 it., 3 (DCWC): Boob
Sorings, 6,800 £t., 3 (TCWC); Laguna Ieadow, 6,500 ft., 3
P);

Boot Springs, 6,000 ft., 1 (BBEKP); Chisos Mts., 3

Additional records {Borell and Brysnt, 1942:3lL): Pine
Canyon, It,700 ft., 7; Iaguna Meadow, 6,500 £t., 10; (Bailey,
1905:118): Cq*sos Y¥ts,; (Warner, 196l): Panther Pass,

5,700 ft., 1.
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Heotoma albigunla. Specimens examined,--Tobal, 106,

from: Green Sulch, 5,200 f£h., 1; 1 mi, X Panther Junction,
3,800 ft., 1: Green CGuleh, 5,300 ft., l; Green Guleh, 5,000

£t., 1; Green Gulch, 5,700 ft., 2; Basin Camoground, 5,560

N

ft., 26; Pine Cenyon, 5,000 ft., 6; Pine Canyon, 5,100 ft.,
3y I mi, 3B Panthér Junetion, - 3,700 £t., 8; Juniper Flat,
5,500 £t.5; 9; Boulder leadow, 5,700 It., 3b; laguna Meadow,
6,800 £t., 2; lLeguna leadow, 6,700 ©t., 2; Panther Junction,
3,700 ©t., 2; Boot Springs, 6,700 ft., 1 (TCWC); Pine Can-
yon, 5,300 ©%t,, 1 (20¥W(); Green Gulch, 5,700 ft., 1 {TCW(C);
Parther Junction, 3,700 ft., 1 (BBUP); Green Gulch, 5,100
£t., 1 (BBUP).

Additional records {Borell and Bryant, 1942:36): &
Chisos iits., 3,850 ft., 1; Green Guich, 5,200 ft., 1; Basin,
5,200 P5., 2; Oak Creek, 5,000 $t,, 1.

¥eoboma mexicana, Specimens examined,--Total, 2,

Trom: 5 mi, SW Rio Grande Village, 1,850 £t., 2; 8 mi. SW
Rio Grarnde Village, 1,925 f£t., 5; Jdohnson Ranch, 2,020 f%.,
6:; 6 mi., W Castolon, 2,3hly £t., 1; 10 mi. V8 Panther Junc-
tion, 2,020 ft., L3 13 mi., 3E Panther Junction, 2,100 ft.,
3; 19 mi. SW Panther Junction, 2,250 ft., 3. |
43ditional records (Borell and Brysnt, 19L2:35): W
Rase Burro lMesa, 3,500 £t., 2; Clenn Springs; 2,060 ft., 1;
I End Fariscal Mt., 2,300 ft., 2; 2ig Bend Rio Graﬁde, 2,000
ft., 2; (Goldman, 1910:29): Chigos Mbs.; (Warngr, 1964} :

Rio Grande Village.
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