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1.0 INTRODUCTION

This report describes Yhe c!aveh:-}pmem and results of an empirical mode) that was
developed to utilize GIS and remote sensing 10 predict habital suitability for the Te:r.;s kangaroo
rat {Dippdomys etator} !qa_' a pofnion nl'..tlheir ranpe. Specflically, thrae m_a]cr upj_eﬁhes were
identiied. The first was the establnshment of a spatia! digital data base for the stur:l -area. This
data base was comprised of the Tallowing. kangaruu rat c-nllectl-::-n snes ITIE]DI' soil associations;
major geologic formations; slope description and landuse. A second ﬁbjectwe was the evaluation
of these data and subsequent development of a suitability map for kangaroo rat haﬁ'rtat, indicatisng
areas most tikefy 1o gontain kangaroo rats. - The third objective was an evaluation of historic
landiuse information for the study aréa. - These data were summarized 1o identify major landuse

trends vwhich may impact potertial habitat for the Texas kangaroo rat.

1.1 Distribuion _

The current known range of the Texas _kangaroq va {Dipodomys glaton) extends across
nine cnuqtias i Noﬁh-ﬁentral Texas (Fig. 1} Severaﬁ oid records guist from owtside the range.
From Dkt.ah:ama, the species is documented by thras sp.ecinié.ns, two from Chattanooga County,
coblected in 1904 and 1905, and one from Cotton-County colizcted in 1968, Fram Texas, there
tiave been no records from Clay County since aary in this cemury' (Martin and Matocha 1978,
atthough there are -épecimens from Montague County, immediately east of Clay County
(Cokendolpher et ak 19?9} Mamn and-Matpcha (1972) wggestad ihe lack of recent records of
Texas kangaroo rats from pramcus‘ry reported areas indicates some tormer habitat is no longer
suitable, An additional record of the species exists from Coryell County, Texas {(Blair 1849) but,
according to saveral authors {ﬂalquest and Collier 1964; Martin and Matocha 1572), is subject

fo questmn
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FIGURE 1. Cumest range of the Texas kangaroo rat.



1.2 Tex_gs Kal_'lgamn Hat Habitat

The historical rang.lsnul the Texas k;'angarm ;a:.e?ctends owvel panions of two major
physiographic provinces, the Roliing Flai;'ss feastern portion) and the Cross Timbers (western
portion. Within the Rafling Plains, native vegetation in::l:.u:hasf prairie grasses, including blusstem
{Schizachyrium scoparium), big bluestem {Andropoqon ger'!'arr.lia}. sideuéts gramma (Bouteloua
curtipendula}, Indian grass {Sorghastrum nitans), and dropseed (Sporobolus sp.). Invading plant
sﬁecias in this araa, typical nf mergra.zéﬁ or disturt landscapes, include mesquite (Prosopis
alandulosa), western ragweed (Ambtosiz psilostachya), tumble grass {Echedonnardus
paniculatus) and sandburrs {Cenchrus ineertus).

The native vegetation of the Cross Timbers in north-central Texas includes grasses such

as little bluesten, big bluestem, Canada wildrye {(Elymus canadensis), tali dropseed (Sporobolus

aspern and Texas wintargrass (Stipa leucotticha). Also characteristic are clusters of post oak

{Guércus stellata) and blackjack oak (. mariandica).

1.3 Sta.tus '

The Texas kangaroo rat is currently listed as threatened by the Texas Organization for
Endangered Species and as protected by the Texas Department of Parks and Wildlife (Robents
and Mills 1983). It |s listed as rare by tha International Union for Conservation of Nature and
Natural Resources (ICUN 1886} Habitat ateration, such as ¢lear cutting and brush control for
agricultural development, has reduced available habitat for the species (Hamilion et al. 1987).
kdartin and Mam:»ghg {1972} suggested the extensive modification of mesquite pastures of

convarsion of pastures to monoculture may adversely affect the kangaroo rat.

1.4 Aemecte Senéiﬁg'
Analysis of digital remptely sensed data was conducted in order to classify major landuse
of landcover categorips within the study asrea.  Remote sensing involves samping of

electromagnetic radiation (EMR) that i réﬂemeﬁ'or omitted from the eanth's surface. Features on



earth can be characterized by their pattern of spectral emiftance (termed *spectral signature®
across the electromagnetic spectrum. Figure 2 displays such spectral signatures tor typical green
végetation, dry loam soif and clear water.h Relative spactral differences between thess matefials
are the basis lor interpretation of satellite imagery.

The digital imagery vsed for the analyses for this study was sollected by Landsat 4.
Landsai orbits the eanh at an alkitude of 705 kmin a sun synchronous near-polar orbit, Its repeat
coverage is 18 days {Siater 1985). The spactral data were recordad by the MSS {Muﬂtvspectr_m
‘Secanner) which discriminates reflected and emitted Bne@y in four bands, each band representing
discreie pontions of thE'.EIectrc-rnagnEﬂc spactrum. Resclition of M3S data is 80 meters,

The specific MSS image utilized for this work was ubtﬁlneﬁ form the EOSAT Company in
Siowx Falls, South Dakota. The image was recorded 18 July 1986 (scene ID 85085916364, Path

29, Row 38).

2.0 STUDY AREA
An area of E:GU.BES ha in north central Texas was selected as the study area [Fig. 3b. This
area is within the' range of the Texas kangaros rat and'was chosen for of the availabifity of data
penaining 1o kangareo rat eollections and sightings. This area is within the Texas counties of
Hardaman, Foard and Wilbarger. i is bounded by the Red River to the nanh, and by State
Highways 283 and 70 to the west and south, respectively, The easters hmit of the study area is
the eastern boundary of- Hardeman county. The study area is within the Red River basin, in the
northicentral portion of the Rolling Plains ecciogical area of Texas The chmate is subtropical
subhumid, with dry winters and low .summar humidity. Rainfall ranges from 56 10 67 cm annually,
The regional topography is dissected by many namow intarmittent streams in the plains, and by
undulating grassfands in neary level valleys and prairies. Elevations range trom 245 10 815 m

(USACE 1876).
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2.1 Soils and Geclogy

The study area is underdsin by geology of the Parmian Formation, consisting mainly of
rocks of the Double Mourtain Group. This group consists of interbedded gypsum, dolomite and
rect shale with layers of sandstone and sharg in the lower parts. Permian rocks are exposed over
portions of the central and southern pans of the study area  In the northemn and east-central
portions of the study area, & r.antle of outwash materials was deposited over the Fermian Red
Beds from the Pliccense to Pleistocens periods. Thase mas;h depn;ﬁs, the Seyrriour Formation,
rest directly on top of tr:le Fermian Red Beds and vary from a few meters o about 15 m in
thickness and range in texture from clayey to silty and sandy (Sellards et al. 1932). Soils in this
area have develsped from four types of parent material; residuum ﬁerivad from Perrian shats,
{sandstone, limestone and gypsum); sandy to clayey outwash or nld altuvium, recent alluvium
and; recent eclian rr;aterims. Eolian materials are-mc'sﬂy along tribwtanies of the Red River. Theze
materials were'depnsned in a relatively namow band paralle! to tha dver. §olls in the plains va
from sands to tight clays or red bed clays that are slightly acidic to moderately alkaline. Upland
soils are compesed of glightly acidic sitty or sandy lcam. These _s:;":-iEs are usually deeper and have
more distinct harizons than stoping solls on hiltops and ridges. The flatter sails receive additionz:
water, Rave izss runoff and are subject 1o less erosion (USDA 19721

.Que 1o the combination of cimate and substrate, this area is subject 10 exignsive scil
erosion.  Wind and water induced erosion have cavsed extensive soil ioss and subsequent
reduction in the productivity. Incidents of sheet erosion exceeding 5 tons/acrefyear occur in the
area, particularty on sandy scils. As rruch as 4% million tons of soil annually are moved By

erasion for afl of the Red River basin and over 120 ha are lost to streambank and gully erosicn

yearly (USDA 1877,

2.2 Vepetation
Five major vegetative groups are identified within the study area {MchMahan et al. 1584).
The mast prominent is cropfand, Major crops in this area are wheat, cotton and sorghum. The
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second largest vegetative type a mesquite-juniper brushland. The dominant species of this

community ana mesqurte F!nchm |un|per { unipemus pinchotiy), Imebush {anuphus obtusifoliz),

_ Surnac {Rhu spd, Texas pnckr',rpear {_guntna tmdhewnerrj tasap!!a (Dguntua Iemtae} and catclaw

J.'F'.{JEICiE greqqiiy.  This veg_etatwe association is located prednmmatery in the eastern and

southeastern pertions of the study area. _

The third vegetatwe t:ommunrty. is desc*nbacl as a cnnunwond hEGkbETI"_f -saltcecdar
brush/wondlands, The comimen plants are cuﬁnnwmd {Eogulu dgncudes} biack wl.llaw (Salix
_:g@ puttonbush [ggghaTanthu 5 SR.), mugh Ieaf dugwnod LGL_!-!_& drummnnm} Panhandie
grape (Vitis acerifolial, and groundsel-troe {Baccharis 5p.). Tms mrnrnumty is i:-cated prirparily

along tha Pease River in the southem pertion of the study area, The tourth community, a

Mesquite-Lotebush Shrubland consists of mesquite (Prosopis glandulosal, yucca (Yueea 5P,

skunkbush sumac (Bhis sp.). agarita {Berberis sp.}, elbowbush (Eorestiera pubescens), junipsar

(Junipefis sp) and tasajillo. This comrhunity is focated in the souttieastern corner of the study
area, The fith vegetaiive community i$ a-mesquite brushland, composed of mesguite, yuers,
pricklypear and Pinchat juniper. This brushland.commiunity is located in the tar nophwest portian

of the study ares-(MéMahan & sl 1984). -

3.0 METHDDS

Tms section prorwdas description of the GIS and dlgrta1 image classidication techniques
empleyed 10 charamenze habiat for the Texas kangaroo rat All image procassmg and GIS
analyses were -:::mduc:ten:i wnh the Earth Hesnurcas Data Anafys:s Sys’sem {EHDAS} & the
Unwersm_.r nf Month Texas Canter h::r Remme Sensmg and Landuse Anzlyses {CHSLA}

Fhis section also descnbes the data 5nur{:es for the d;gnal r.iata base which was
generated for the GIS analyses. This data base was 'cump.r[sad nI spatial infarma!ion for five
vanables IDCE'EIDHS m‘Te:as kangarm rat collection sitas, majl.::-r SCIii associations, major geologi

formatmns slope descnpﬂms and Iandusa. Theﬁe data were acqunrad in dignai format or

manually dlgmzed (Appendix A).




3.1 Digi:al image Analysis

Dagﬁa‘r mage data were nbtamed in cumpu'ter nampahble furmat on miagnetic 1apes.
Digital anatg.rses of these data involvad the extraciion of slgniﬂcamty drﬂerem classes of dala,
termed clusters. These dusters were isolated on the' basis of statistical differences in spectral
reflsctance. Each ol the classas represent a categurg,r of marest such as mesquite woodland,
pasture o7 bottomland furest . .

Pricr to classification, several pra-ﬁmcessing steps were  required, including
géaract'rficaﬁun and ;'-i.gnature extrﬁ::tiun'. Figure 4 illustrates these steps as pan of the overall

data analysis procadure.

311 Georectification : : :

- Georectitication was performed on the digital satellite image to provide spatial reference
(to the Universal Transverse Mercator [UTM] coordinate system), and 10 correct for error produced
by changes.in satelite aftiwde (roll, pich and yaw) and ahitude. Georectification was
accompiished intwo steps. First, recognizable features on the image were maiched with specific
Iocations on L8, Geologic Survey 1:24.000 scale maps forn which precise coordinates were
determined with a digitizing tablet, The second siep of classification reguited the
d.eterminaﬁoﬁ of a coefficient matrix describing the geometric relatiunshi;;: E'.E'MEEF:'I image pixel
Icf:atiuhs and assacime.d map cmfdinates for each GCP. To achieve thisg, .the totat root mean
square (RWMS) of the spatial ewor between ;che image .mcatinns and map coordinates were

determined. Thra FiMS annbutabie to each location was glso ca1cu[ated GCPs contribwiing the

greatest error weare sequanhalrf remcved unhl tha tma1 RMS was less than or gqual to 1.6

Ramam:ng GDPs wETe usad to ca‘lcutate the ﬁnal set nf c:\oammants that model the geometric
dtstcrtlun of the image. | ‘

The fsnal phase o rectifi ca‘tmn rasampimgi -.mrulvad the @xtraction of an indivigual pixel's
value fmm its original Iocatmn and placement of that value at the apprﬂpnate nev coordinate

location. Nearost Meighbor interpolation algorithm was used for all imagé resampling. Afer

g
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rectification, resulting image pixels were referenced not only by row and column but alsp with

respect to the UTK map projection syslem.

3.1.2 Image Classffication

Classification of digital imagery is a means of spectral pattern recognition. Classification
of tha kangaroo rat image was accomplished with a comnbination of supervised and unsupervised
classification techniques (Figure 5). This method provided the autoromy of unsupervised
classHication but allowed for the inclusion of Signatures form specific training fields.

The first step of the classification process was an unsupervised classification algorithm
used to extract signature statistics frorm the image based on spectral response variations withn
ang among bands. The second step, .SupEN'LSEd classification, involved the extraction of specific

signatures from the MSS image {signatures for the vanious landuses were identified from field

reconnaissance work). Signatures created from the unsupervised method and from the training

samples were merged.

. .. The fina! classification step was the application of a supenvised ;:Iassificaﬁon algorithm.
.The--éTgo'rithm. analyzed the digitat satellite data with respest to the catalogue of combined
sigriatures. Each ;ixel is_then assigned tc the ¢lass to which it has the highest probability of
bealonging, based on statistic:a‘r-'si'mirarity. The owtpul image was then generated in which every
pixel from the input MSS image has be;n assigned to a particutar class. Eight different landuse

classes were idertiied from the satellle image; Agriculivre, Mesquite-Juniper Woodland,

Ceveloped/Barren, Badlands, Water, Bottomland Hardwoods, Mesguite Grassland ang

(Grasslands.

3.2 Geclegy and Soils
Geclogy data lor the study area were manually digitized from the Texas Bureav of
Economic Geology Wichita Falis/Lawton 1:250,000 sheet (BEG 1987). Thase maps provided

locations and descriptions of the majotr geoiogic formations. Nine different lormations were

1
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located in the study area Bref descriptions of each of these are found in Appendix B. Soils
information was manually digitized from Soil Conservation Service (SCS), general soil maps of
Hardeman, Foard and Wilbarger cuuntias- (USDA 1972, USDA 1951, USDA, 1981). Only the 13
major associations were considered. Srief descriptions of these associations are provided in

Appendix C.

3.3 Slope

Pata tor the tactor were generated from U.S. Geological Survey (USGS) Digital Elevation
Modet data (DEM).  The information provided land surface elevation values for each pixel i the
studfy area. A glops value for each pixel was caiculated by 'cc:-mpa.ring each pixel's elevation 1
its neighbors' elevation, thus estimating "percent siope”. The.resurt of these calculations were &

data base where the attribute is the percert sfope for each pixel.

3.4 Texas Kangaroo Rat Locations

Locations of previously reportad Texas kangaroo rats were providad Dy Texas Parks and
Wildlife Natural Heritage Program and Robett Martin (Martin 1985), These data were onginally
collected from museurn collections &t Texas Tech University (Lubbock, Texas}) and Midweste:n
University {Wichita Falls, fexas} (Appé'ndm D} The data were collected from 196% to 1974,
Seventy-seven different collection poirits were identified in the study area. For several of these

sites, more than one rat had been collected, but these sites ware considered 10 be equal weight

with the other points.

3.4 Suitability Madel

The suitabilty of any portion of the study area for Texas kangaroo rats was determined
from comparison of known kangarco rat locations, o a combination of the previously described
variables (.e. slope, geology, soil and landuse). For this stage, the development of the mode,
45 collections sites (50%) were randomly selected. The remaining 31 points were used to test

the model. The development of the modal was achieved in three steps. The first slep was an

13




assessment the actual distibution of the rats for gach variable class {i.e. the numbsr of rats
reported from Guanah-Talpa sail formation). This was compared with the number of rats
expected (per class), 4 this were a randur;I distribution. For each variable, a chi-square test was
employed to detarming i there was a sigr_liﬂ::ant deviation from the expected disiribution. if there
was, the variable was included in thé model. K there was n¢t a significant deviation from a3
random d:stnbmmn the vanab!e was not included.

The second step for the deveiopmant of the model was the assignmen of wmghts to each
variable class. The weight f:_:r_éach class was determined as the number of rats observed divided
by the aumber nf-ratseipectaﬁ {lora g‘weﬁ- classy. Each of these variable layars {composed of
weighted classes) were added together in 3 pixel by pmel addition. The result was the generation
ol 5 habitat suitabilty map wnh the I'ughest values indicating the most sutable habiat. The final
step in the model developmant was atest of the suitability map with the remaining 31 points. This
was done as a comparison of the collection sites with respect to the suitability value assigned to

that location.
4.0 RESULETE

4.1 Gecﬁ:lg;.; ang Soils

Nine specific geologic fqrm.aiiuns were identffied within the study area, the proportions
of sach are ilustrated in Figura 6. The comparison of the spatial géologic data with 48 randomly
selectad records of the kangaroo rat found they had been obsefved or collected in only three of
the nine formations, Gds, Psa and Pb. Forty-threé {93.5%} ol the fals were reparted from Parmian
Blain Formation {Pb). The formation comprises 38.4% of the study area (118,965 ha), and is
rypified by mudstons, gypsum, dolomite and sandstona deposits. Ona observation was reported
from the Quatemary dune $ands {Qds), which aceounts for 13.3% of the study area (40,042 ha).
Qs is characterized by eolian sand and it and sheetwash slope deposis.

“fwo of the 46 {4.3%) kangaroo rat records were réported from the Persnian sandstone

14
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FIGURE 6. Major gaclogic formations within the Texas kangaroo rat study area.
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Formation (Psa). The formation comprises 6.5% of the study area (19386 ha). Psa is
characterized by mudstone, sandstone, siltstone and gypsum {BEG 1987). This distribution of
kangaroo rats was signficantly difterent frf.:;m random (¢ = 36.3.P < 0.001). This was determined
from & mmpari;stm-nf nﬁgewéd versus the expected rals normalized o0 fomation area (Fig. 7.
if there was no relaﬁnn_ship bemeen the distribution and & particular formation, there woult not
be a significant difference be;:v.;aqan th.: observed and expacted.

Fifteen major 50il categories were identified in the study area. Figure B illustrates their
oropartion i the siudy .area. :O! these, six associations with were pombinad into a category
*other’. No jrats.were réports-::_i from these relatively small areas. Kangarod rats had Deen
mllamed' in five of the .fiﬁeen soil associations. Thiry-five {76%) were r.epened fiom areas
underiain by tha Tllman Uemun-Weymﬂuth 5ol association. The association comprises 24.6%
of the study area. hnother soil association in which kangargo rats were reported was the
Hr:ﬂlister-Abil.ene. Four Eangar_a_:ru rats (8.7%) were reported from the association. The association
repg_esents 9.?5&_ of tha' siudyi- area. Five rats (10.9%) were Iocated on the Quanah-Taipa S0l
ass;:;ciaiion. This represa.r;tﬁ 4.7% of the study area. One rat was located in each of the Caobb-
Cosh ard Eadlands vernon:Cottanwood associations (1.1 and 18.1% of the area respectivelyl.

R

As with QED'lD-gID f::rmaw:ms, in a comparison of observed versus expectad, 1he
s - A -

distiibution of kangareo rats was significantly difterent than a random {proportional) distribution

of rats across. all soil a;-iéu;‘iati:pns (* = 527, P < D001 (Fig. 9).

42 Siope and Laridf:s:;-

S!npe was cajcuTated far tha study area and compared o the incations of the kangaroo
rats. Within the sludy area, slope ranged from £ - 15% (Fig. 40). A comparison of observed and
expected kangard-’n_ rais tound no signfficant difference in the distribution of kangaroo rats and
distribution of slope {xz = 56) (Fig. 11). For this reason siope was not congidered as a variable
in the suitability model.

Eight major fanduse caiegories were identified within the study area. With respect o

16
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FIGURE B. Major soil associations within the Texas kangaroo rat study area.
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coverage they ranged from 24.5% of the area {mesquie grassland) to 8.6% of the area twater)
{(Fig. 12). A comparison of the kangaroo rat collection sites found their distribution 1o be
significantly different from a random, with Eespect to these landuse catepories X = 145, F <

0.05} {Fig. 13).

4.3 Habitzt Suitability Map

The variables in the model {geology, soil and iandu:se} were egually weighted, and each
was considared to have fha same imp_onancé ﬁ;:-r thé distribution of the Texas kangaroo rai. The'
justification for this was that there was not sufficiam il';fnnnation with which to weight the variables,
Within each of the variables, the value assigned to individual classes (e.g. specific soil
formations) was determined as the number of observed rats divided by the number of expected
rats. For example, in the HA (Hollister-Abilene} soit associstion, four rats were cbserved, based
on propantionat area and a vandom distribwtion, 4.5 rats would be expected. The value assigned
to the HA assotiation was B% [4/4.5). Using the (IS capabilities of the ERDAS saoftware, thess
layers of variables were added together. The values of the sesulting suitability map was
condensed 10 5 categories, where 1 was least and 5 most fikely to conitain kangaroo rats (Fig. 14).
Specifically, 18.1% (53283 ha} of the study area was rated as ‘most likely' {io contain kangaroc
rats) (5}, 3.17% (8329 ha) was rated as “ikely* (4% 49.7% {57951 ha} was rated as "less likely",
15.?;% {45409 ha) as ‘unlikely* and 43.3% (127756 hay were rated as.'least likelhy"

When the Su_hability map was tested with the 31 an:'iditior_n_al locational points, results
supported the valigity of the model for the variables tested. Fifty-five percent {17} of the rat
locations were within the *most kely® areas, 6 (18%) were located in areas classified as "ikely',
S rats were focated within areas designated as 'less likely", and 3 were located in *unlikely' areas.
No rats wete reported from the *least likely® areas (Fig. 15). A Chi-square test (normatized 1or
area) found the distribution of kangaroo rats was significantly diferentt than the distribution of
habitat categories (¢ = 62.3, P < .0D1).

The areas rated highesi for Texas kangaroo rats were located on sails of the TVW

22
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Landuse 1 ha.
AG Agriculture 28.2 84B95 [
MT Mesguite-Juniper Wooedland 9.3 276E1 :
OB Déveloped/Barren 3.3 SEYE i
BD Badlands 6.8 20576 :
WT Water 0.6 19%¢ :
EM Bottomland Hardwoods 1E.3 45878 :
M:E Mesguite Grassland 34.5 1021730 !
GL Grassiand 2.1 £231 i
TOTAL ic0.0 INO08E5

FIGURE 12, Distribution of landuse categories within the Taxas kangaroc rat study aréa.
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FIGURE t4. Location of the 21 Texas kangaroo rat test locations on the habitat suitakility map.

23



[ - e R s e

SUIMABILITY

FOINTS

WMULTIPLE

26




FIGURE 15. Texas kangaroo rat habitat swoitabilty map. Habitat suitability ranked 1.5, Areas
designated as 1 are least likely, areas of 5 ara most ikely 10 contain Texas kangaroo rats.

27



SUITABILITY

28




{Tillman-Veraon-Weymouth association). Tillman series sols are wypically deep, nearly level to
gently sloping. cumpc!:sed of reddish-brown 1o brown clay loams with a slowly permeable lowet
layer. Vernon serigs|soils consist of well-drained calcareous soils that are clayey below the

surface layer. Weymauth soils consist of well-drained sloping calcarecus soils on uplands. They

formed from calcareols maderately fine texiured red beds or in oid alluvium that contains red-bed
material consisting primarily of clay loam {(USDA 1872). The gedlogy underlying the best hat.tat
is primarity of the Pb (Permian-Blaine) tormation. The formation 1S composed primarily of
mudstone, gypsum, dolomie and sandstone.  The fanduse of the fighest rated region is a

mesquite-grassiand.

4.4 tanduse change

Maost of the land within i the study area is privately owned and has been medilied for
agricuttural production and grazing. Cultivation was introduced to this area about 1880, prior to
this most of the area was native rangeland [USDA 1974). Over the past 3G years there has been
a trend sway from agriculure and towards rangeland {Fig. 16) (USDA 1874). This trend may
benefit the kangaroo rat, given the prevalence of the rat in rangeland (mesguite grasstand) as
nppnseﬁ 10 agricultural areas. Hamilon et ak (1987) suggested thal habitat atteration such as
clear cutiing and brush control for agricutiural development, may reduce available habitzt for the
species. Additionally, Marin and Matocha (1972) suggested the extensive modification of
mesquits pastures or conversian of pastures 1o monoculture may adversely atfect the kangaros
rat. However, Martin and Matocha (1572} pointed out agricultural practices nead not limit the
distribution of the kangaroo rat i cultivated areas are interspersed with ﬁesquna pastures and
shrubby fence rows. Aside from agricutturalimpacts, tolerance of the Texas kangaroo rat 1o land
development with regards 1o buildings and roadway impacts are pot known, although Martin and

Matocha {1972} suggested that urbanization and cultivation apparently Hmit the habitat available

tc the species.
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540 DISCUSSION

Severa difficulties were encountered in the course of the research, First, with respectto
the sample points. There was a bias with faspem to locations. The study area was not randomly
sampled for presence or absence of kangaroo rats. The data points that were used were argas
Known to have kangaroo rats, therefore individuals interested in cotlecting kangaroo rats relurnead
ta these sites. Sacond, with respect to landuse classification, during June (when the image was
taken) marny ;::f the agricuttural fields were fallow. These were difficulk to classity. Another
difficulty encountered with the collection sites. was that most sites were I&céued near the
boundary of t{m fangduses {i.e. roads and sgricutiure). Because of the resolution of the Landsat
MES data {80 m), and the spectral variation of these areas, these areas may have been
misclagsified with respect 1o landuse, .

. This habitat model was developed and implemented to idertify areas of suitable habitat
for the Texas kangaroo rat. Results from the test of this mode! indicate that the ri‘iu-l::fEI provides
a good appraisat of the sutability of Texas kangaroo rat habitat for the study area. Thiough the
development and implementation of the lmo{ieL variables (i.e. geology, soils and landuse] were
identified which appear to be comelated spatially with the cument distribution of the Texas
kangaroo rat. More research is neesded to investigate these relationships. The resear\ch has also

.

established a digital data base for the study area which may be used for future reséarch in the

drea.
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TEXAS KANGAROQO RAT

LAYER SOURCE SCALE ENTRY DESCRIPTION
COUNTY | USOS 1:280000 |DIGITIZED] COUNTY EDUHE!ARIEE
SLOPE usgs 1:2680000 |DIGITAL SLOPE PERCENT
LANDUSE | M8S 1:24000 |DIGITAL CLASSIFIED IMAGE
QEGLOGY ; BEG 1:250000 |DIGITIZED| MAJOR FORMATIONS
KRATS MARTIN [1:24000 [DIGITAL | KRAT SITES
8GILS 3CS 1183000 |DIGITIZEDR| SOIL TYPES
STUDAR | LUBaS 1:280C00 |DIQITIZED| STUDY AREA
ROADS UsGs 1:280000 |DIGITIZED| STUDY AREA ADADS

KEY FOR DATA DICTIONARY

UsGS
TPEW
REG
USACOE
EL

M35
GCwW
BCY
KRAT

U8, Geckoglc Survey
Texas Pazks and Wikdilte

Texas Buresuy of Economic Gaology
U8 Army Corps of Enginresrs
Thamatic Msppes Landsat Data
Muitispsotral Scanner Lendast Data
Qolden-cheaksd Warbles

Black -cappad Vireo
Texas Kangaroo Rat
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Description of Major Geclogic Formatioms’

gal - {Quaternary, Holocene) Floodplain and channel deposits:
cand, silt, clay and gravel near floodplain levee, Locally
developed eolian dunes of sand and silt, bedrock locally in
stream channels. Thickness of alluvium of to 20 feet.

gah = (Quaternary Hclocene and/or Pleistocene) Windblown
deposits, dunes and dune ridges; sand, siit and clay, orange-
brewn, massive with crude vertical jeoints and buried soils.
Thickness of sheets up to 20 feet.

Qds =~ (Quaternmary Holocene and/or Pleistocene) Windblown
deposits, dunes and dune ridges; sand and silt, orange-hbrown,
massive, local low-angle crossbeds; best developed on
fioedplains, fluviatile terraces and Seymour Formation.
Thickness of dune ridges up to 25 feet.

Qt = (Quaternary Holocene and/or Plelistocene) Fluviatile
terrace gravel, sandy lenticular, stratified, crossbedded,
locally cemented by calcite, clasts granule to cobble-size,
well-rounded to subangular, composed of guartzite and other
metamorphic rocks, milky guartz, chert and fine grained
ignecus rocks from westerly sources.

Pcf - {Permian} Mudstone, siltstone, dolomite, limestone and
gypsum. Mostly mudstone, commeonly silty, brownish-red, minor
gray and green, <alcarecus nodules abundant in lower part.
Siltstene in units 1 te 3 feet thick distributed throughout.

Paa - (Permian) Mudstcne, sandstone, siltstone and gypsum.
Thickness of formation %0 to 120 feet.

Qu - (Quaternary) Alluvium surficial depesits; sand, clay,
£ilt, caliche and gravel; includes thin remnants of older
terraces, lag gravel, windblown sand and silt, residual soil
and colluvium ccmmonly cemented by caliche. Thickness of
surficia}l deposits up to i0 feet.

gsl - (Quaternmary Pleistocene) Surficial deposits, thin
deposits: sand, silty orange-brown massive; thin gravel
locally in basal part, generally massive to crudely
stratified, rarely crossbedded, locally cemented by calcite;
clasts granule tc pebble-size, angular to rounded, conposed
predominately of limestone with minor clasts of guartzite,
milky gquartz, sandstcne and siltstone. Thickness of deposits
1 £to 10 feet.
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b - (Permian) Mudstcne, ~gypsuhb, dolonite and sandstone:
iaterally persistent and prominent dolomite beds.,

Mudstone,
locally silty, brownish-red and gray —green. Gypsum typically
of nodular alabaster, friable, white, dolomitic beds;

units
pinch out locally in euwtcrop owing to dissolution.

" Frem BEG 1987
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soil Assaciatian-Descriptians'

Tillman-Varncn-Weymcuth - This association is a large,
irregular shaped, nearly level to sloping, upland plain. It
is on a broad divide between rhe rivers and adjocins mest of
the other associations. It is characterized. by ‘deep tco
shallow, nearly level to gently sleping scils that have a
surface layer of ¢lay loam arnid slowly to moderately permeable
lower layers. . :

About 70% of this association is cultivated, 30% is in native
range. Wheat, cotton and sorghum are tme principal crops.
This association covers abeout 34% of the total study area.
Tillman soils make up abeout 38%, Vernon soils about 15% and
Weymouth soils 11%. The remaining soils are scattered areas
of Hellister, Olton, Ceolorade, Spur and Mangun s0ils. .

Titiman scils are deep, nearly level %o gently sloping,
reddish-brown to brown clay loams with a -slowly permeable
lower -layer. They are usually found on smoother ridges and
upland divides. Vernon scile are gently sloping, reddish
brown with a slowly permeable clayey lower layer. They are
shallow and underlain by redbed clay oI shale. - Wweymouth scils
are deep, dently sloping, brown to reddish-brown clay leoams
with a moderately permeable clay loam lower layer. Weymouth
and Vermon scoils are found con the more prominent ridges,

nilltops and side slopes flanking creeks and natural drains.

Badiand-varnon-Cottonveed - This association consists of very
shallow rough ands in breaks lying below the adjoining soil
associations. The topography of this associations is steep
escarpments and benchlike areas dissected by drainage channhels
and gullies. The seil is characterized as nearly barren red-
bed shale and clay with shallow to very shallow scils with 2
ciay or clay loam surface layer ahd lower layers cf clay or
gYPSum. i -

This asseociation is approximately 18% of the study area.
Little of this aescciaticon is cultivated, it is used mainly
for range. _ s -

springer-Kiles - These scils form an undulatiﬁq to hummocky
sandy plain that covers about 15% of the study area. Thesa

. soils are deep, neutral and have a very friablie fine sandy

loam lower layer. The underlying material is loanmy fine sand
to fine sand. o . '
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About 75% of this asscciation is cultivated and about 25% is
in native range. The principal c¢crops are wheat, cotten, guar
and sorghum. These scils are susceptible to wind erosion.

Halliltlr-nhilln- = These scils form a nearly level to ‘gently
sloping wupland: plain that. occupies about 10% of the study
area. The association is characterized by deep neariy level
to gently sloping soils that have a clay leoam surface layer
and lewer layers of clay, silty clay, or silty clay loam.

About 90% of this associatiom is cultivated; - 10% is in native
range. - Wheat, sorghum and cotton are cultivated on this
associatien. .

Miles-Acuff-Olton - This scil comprises about 8% of the study
area and occupies nearly level to gently sioping uplands. The
scils are characterized by deep, nearly level to gently
sloping seils that have 'a surface layer of loam to clay loap
and lower layers of sandy clay loam and clay loam to silty
clay loam.

About B8S% of this association is in cultivation and about 15%
is native range. The major <crops are wheat, sorghup and
cattqn.

Quanah-Talpa - This =0il occupies about 7% of the study area.
It is about 56% gently sloping Quanah seils and about 30%
gently sioping to steep Talpa soils. The association is
characterized by deep and very shallow, gently sloping to
steep scils that have a surface layer of clay loam over
moderately pérmeable layers.

About 10% of this association is cultivated, and about 0% is
native range. . Cultivation is primarily on:the Quanah seils,
Talpa soils are too shallow and stony. .

Tivoli-Hardeman - These scils are duny and unduiating. They
comprise about 5% of the study area, The association is
characterized by deep, nearly undulating, dunned and steep
scils that have a surface layer of fine sand to fine sandy
locam and léwer layers of fine gand and fine sandy loam. The
Tivoli soils (50%) are deep duned poils of the uplands. They
are rapidly permeable fine sand throughout.  They are
generally adjacent to flood plains. - The Hardeman scils are

deep, nearly level to steep so0ils with fine sandy loam
throughaut.
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About 30% of this association is cultivated and 70% in native
range. Cultivated areas are confined almost entirely to the
Hardeman soils. Wheat and cotton are the principal crops.

Cobb=Cosh ~ This association occupies gently sloping uplands
and comprises less than 2% of the study area. The secils are
characterized by moderately deep to shallow, gently sleping
soils that have a surface layer of fine sandy loam and lower
layers of sandy clay leoam over sandstone. .

About 80% of this association is cultivated and 20% is in
native range. Wheat and sorghum are the principal crops.

* Frem USDA 1972
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