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WILDLIFE AS AN INDICATOR
OF SITE QUALITY AND SIT E
TRAFFICABILITY DURING
ARMY TRAINING MANEUVERS

1 INTRODUCTION

Approach
Ext en sive field surveys were conducted on the

Pin on Can yon Maneu ver Site and Fort Carson in area s

representative of the sho rtg rass prairie , The results

we re analyzed and used to determine th e relat ion ship

of mam mals. birds. vegetation. and soils 10 site quality

and site trafficability ,

Background
Meeting de fense needs is a pri ma ry nation al co n­

cern. Th e ava ilability of enough training land is an
importan t and necessary ingredient in properly training

a standing army . Since land is a limited resource which
is imp acted by Army training. Army managers and
administra tors must have scicnriflcally sound infor ma­
tiou 011 the qualit y of the lands for which they are
respon sible . Th ese da ta will serve as the basis for eval­
uating vario us im pacts 0 11 the sys tem . The law also
req uires that •.... co nsideration of environmen ta l

factors must be integra ted into existing Army proce­
dures . . ." 1

Thi s report is one of a series do cum en ting basic ceo­
logical research conducted to estab lish cause-and-effect
relat ionships be twee n Ar my ac tivities and th eir impac ts
on ccosys tems.?

Mod e of Technology Tr ansfer
It is recommended tha t th e informatio n obtaine d

in t his st udy be used to develop predict ive algorithms
an d an info rmation base and thcn incorporated int o a
computerized system for planning and mainten ance of
Army lands . Info rm ation on using this sys tem will be
transmi tted to the field by a Technical Man ual.

2 GENERAL DESCRIPTION OF SITES

The four study site s were all located in Co lo rado
along the wes tern edge of the Great Plains in the sho rt­
grass prai rie (Figur e I ) . All prairie sites bord ered th e
pinyon-juniper woodland adja cen t to the foo thills o f
the Ro ck y Mountain Front Range .

Figur e I . Location of the four prairie study sites in
Co lo rado . (Site I . Fort Cars on . northern

part of Sullivan Park. EI Paso Co unty ;
Si te 1. Fort Carson. central part of Sullivan
Park . EI Paso-Pueblo Co un ty line; Sit es 3

and 4 . Pin on Canyon Maneuver Site. Las

Animas County .)
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Ob jectiv e
The objective of thi s report is to compare the ma m­

mal s. birds. vege ta tion. and soils of four p rairie sites on
the Pinon Canyon Man eu ver Site and Fort Carson. CO ,
in or der to identify biot ic and abiot ic fac to rs tha t arc
highly correla ted with site quality and site traffic­
abili ty . The da ta co llected will also he lp verify tacti cal
vehicle cause-effect rela tionships established in pre ­
vious resea rch .

1 K. K, Jain. L. V. Urban . and G. S. St'lcc y. llonJhookfor
/:"Il'irollmc lltol III/poet Analysis , Tech nical Report E-59/
ADA006 :!41 (U.S. Army Construc tion Fuuinccring Research
Labora tory ILlSA-(T Rl l. 1974) .p 13.

l W. D. Sevennghaus. R. E. Riggins. and W. D. Gorun ,
I:JJt'Cll' (If Tracked Vehicte A ctivity Oil TerrestriatMammats.
BIrds. ami Vegetation at Furt Knox , A"r. Special Report
N-77/ AD Atl 737H2 (US A-CER l.. 1979). pp 1-64 : W. 0 , Sever­
inghaus a nd W. D. Gorun. I:jjl 'CIS of Tact ical Vt'hidt> Activity
(J/I the .\lammal~', Birds. and Vegetation 01 t-or t Hood. FX ,
Technical Rcpo rl N-113/ A DA I09646 (LJS A-(T RL , I Y ~ J ) ,

PI' 1-22 : W. U. Scvenngha us an d W. D, Goran , I:'jjj 'cts of
Tacti cal I 'f'hie/f' Acuvitv on ttu : Mammals. Hirds. and V('Rt'·
lotio" 01 t-ort J. (' \I ' i~· . h'as!JillxtOfI , Technical Repor t N-J 161
,,1) /\ J 11201 (US,\-(TR t., 1981 i , pp 1-t5: V. E. Diet sing and
W. D. Scvcnnghaus. f::t'OloK;c'al Basrhn v Pmofl Canyon
.Ha1lt'llI'f'r Sill'. Colorado, Te chnical Repo rt N-K5/02 (US A­
o.ar.. J9H4 ).
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Fort Carson

Fort Carson is located along the interface of the
Grea t Plains and Rocky Mountains in cent ral Colorado.
The install ati on is largely limit ed to 1'1 Paso County ,

with its southern and sou thweste rn limi ts ex tending
slightly into Pueblo and Fremont Counties, respective­
ly . Fort Carson en compasses about 55 ,785 ha ; its
north -sou th length is nearly 39 km and its greates t

widt h is almost 24 km, Th e easte rn side of th e installa­
tio n is characterized by gen tly to moderat ely slo ping
grasslands with relative ly low relie f. The western por ­
tion of the ins ta llation is charac terized by woo de d
foothills, steep and rocky slopes, and higher elevations .
Topographical relief ran ges between 1560 and 2 12 1 m
(east to wes t).

Intermittent streams on Fort Carson generally flow
from northwest to southeast. Turkey Creek flows
through the center of the installation and enters the
Arkansas River south of th e post. Rock Creek and
Little Fountain Creek now through th e northern pa rt
of Fort Carson and enter the southflowing Fountain
Cree k ju st cast of the insta llati on ,

Fort Ca rson has mild summers and cold winters.
The average annual temperature is about 9°C with an
average annual humidity of 54 percent. Prevailing
winds arc from the north. Mean annual precipitation
is ab out 380 mm , with sligh tly higher avera ges to the
west and north and slightly lower averages to the south
and east . Slightly more tha n 80 percent of th e total
annual precipitation is received from April through
Sep tem ber.

The sites chosen for quantitative sampling were
picked based on the following criteria: similarity in
soils. topography, and plant species composition.
On e o f the sites was heavily used for tra cked vehicle
training. and the other was only moderately disturbed.

Th e rela tively undisturbed site (site 1 of Figure 2 )
was locat ed I km east of Camp Red Devil in Sullivan
Park . abou t 600 m cast of th e landing strip at 088638
(Defense Mapping Coordinates) . On e hundred fifty -two
(8 percen t) of two thou sand l-rn steps ' intercepted
tracked-vehicle tracks, Site 2 was located along each
side o f Route 8 at 0976 23 , Six hundred forty-eight
(32 percent) of two thousand I -rn steps intercepted
tracked-vehicle trucks. In general, Fort Carson contains
two basic vegetation types: shortgrass prairie and
pinyon-juniper woodland.

"To assess the degree of site disturban ce, two thousand
1-01 steps were paced o ff, and the num ber o f steps intercepting
tracks from trad ed veh icles cou nted . -

8

Pinon Canyon

The Pin on Can yon Maneuver Site, located entirely

within Las Animas County in sou theastern Colorado , is
in th e Rat on Sec tion of the High Plains.' Pinon Can­
yo n encompasses about 104 ,000 ha (Figure 3) . Topo­

graphica lly, the parcel slo pes gently to th e southeast ,
culminating in the Purgatoire River (Arkansas River
drainage) , which servesas the parcel's easternboundary.
Thi s slope is interrupted by mesas and deep canyons,

Mean annual precipitation is ab out 33.5 em, and th e
elevati on varies from about 13 11 to 1800 m. Historic­
ally _ the par cel has been used for catt le grazing, but
military training is ex pec ted to begin on it in 1985 ,­
Pinon Canyon contains two basic vegetation types:
(I) shortgrass prairie interspersed with varyin g densitie s
of cholla and yu cca spec ies and (2) pinyon-juniper
woodland ,

The two sites chosen for quantitative analysis
(F igure 3) were selec ted for th eir vegetative and topo­

graphic similarity . Sit e 4 was located at Township 29S,
Ran ge 59W, Section 2 (Figure 3)_Site 3 was located at
Township 305, Ran ge 59W, Section I. Both sites are
typi cal blu e grarna (Bouteloua gracilis) grassland,
Topographically, the sites are gently sloping. Other
than moderate cattle grazing. there were no obvious
disturbances.

3 METHODS FOR OBTAINING DATA

So ils
Particle size sampling investigations were under­

taken 21-22 May 1983 to provide data for comparing
particle size distributions between prairie areas and to
charac terize the baseline conditions. Samples were col­
lec ted from the surface horizon , labe led, and placed in
plastic bags. The hydrometer method was used to
de te rmine the percent by weight of sand , silt, and
clay.' Eight samples were collected from each prairie
site.

S N. M. Fenneman, Phy siography of Western United States
(McGraw-Hill, t 93t), 1'1'1-53 4.

4 Draft tinvironmental tmpact Statement for A cquisition of
Training Land for Fort Corson, Colorado in Huerfano . Las
Animas and Pueblo Counties. Colorado (Fort Carson, 1980),
1'1'1-220.

S E. J. Felt, "Physical and Mineralogical Properties. Including
Stati stics of Measurement and Sampling," Methods of Soil
Analysis. ~ f onop'aph 9 (American Soci ety of Agronom y,
1965), PI' 400-41 2.
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Veget at ion

Veget at ion transects origi na ted fro m the b ird sur­
vey transec ts. Two 1000·m· long para llel bird transec ts,
separated from eac h othe r by 250 rn , were esta blished
at eac h site. Each vegetation transect originated from a
designated point along the bird transects. On each
prairie site , the vegeta tion transects. which were each
SO m long, or iginate d at the poin ts delin eatin g 0 ,200,
400. 600 , 800 (or 1000) rn on one bird transect an d
fro m th e odd -num bered poin ts on th e othe r bird
transec t ( 100, 300. 500,700, and 900 m) . Thus, 10
vegetation t ransect s were established at each site . Each
one was measured from the bird tra nsects along ran­
domly generated com pass bearings.

In each of the four stu dy areas. intercep ts of woo dy
vegeta tio n grea te r than 2 em in d iamete r or J m tall
were tallied , by species, along ten 2· X 50-m tran sects."
Species importance and t ree and sh rub density and
frequency were th en de termined. Iterbaceous vegeta ­
tio n (an d all plan ts less than I III tall) was studied for
plant co ver in l -m? qu adrats whic h were placed
systematica lly along the 50-Ill study transec ts at 5·JIl

in te rvals. Ten quadrat s were st udied along each 50 ·JIl
transect : 100 qu adrat s were sampled in each study site .
Random number generation was used to dete rmine
which of th e 10 quadrats in each transect were to be
evalua ted fo r biomass. One 1_m 2 sam ple quadra t was
clipped to gro und level. an d only herbaceous (gram in­
aid and no ngraminoid) plants were separa ted fro m it.
Biomass samples were air-d ried for I week and weighed
to the nearest gram on a spring scale .

Plan t iden tifieati ons fullow Harrington ." Plant
species lists were prepared for the early summer stud y
pe riod and th us includ e spring plan ts and perennial
species th at migh t bloom later in the yea r, espec ially
woo dy perennials that bloom in fall. Vou cher speci­
mens were collec ted an d maint ained in the U.S . Arm y
Construction Engineering Research Labor atory 's (USA­
CERL) Biological Inventory Collect ion .

The percen t cove r of study quadrats by bare ground,
woo dy litt er. an d rock was measured to facilita te
rem ot e-sensing program s for moni toring vegetation
cove r dyn amics and the typ es and succe ss o f revegeta ­
tion and rec lamation.

6 D. Mueller-Dom bois. Aims and Methods of Vegetation
Ecology (Juhn Wiley and Sons. 1914), pp 1- 541.

' H. D. Harrington, Manual of the Plants of Colorado (The
Swallow Pross. 1964), pp 1~66 .

10



Bird s
Birds were surve yed using th e combined transect

methods of Emlcn , Scvcriugha us, and Halph, St oddart .
and Halph .8 Two para llel tran sect s, 250 III apar t. were
established at each site. Each o ne was 1000 m lon g.
Transects we re es tablished a t each site. Each one was
1000 m lon g. Transect s were establi shed by compass
bearin g and identified by placin g 9 I-cm-high nags
at 50'1ll int ervals. Transect s were walked slow ly.
start ing at sunr ise for 10 days (23 May - I June at
Fort Carson and 9 - 18 May at Pin on Canyo n). As
each tran sect was walked. th e locati on of each bird
det ected on each side of th e t ransect was recorded.
The absolute density (birds per unit/area ) of eac h
species was estima ted by calcu lating th e distance from
the tran sect to th e point where detection o f a species
declines significantly . On each site . the observable
distance alo ng eac h side o f a tran sect was calculated
at 50 m, or a dail y ob servabl e area of 2000 m X
100 m = 20 hu.

Th e bird faun a occ upyi ng the four study sites
were compared by measuring species diver sity and
density . Signi ficant diffe rences were ident ified using
Student 's t-te st of mean s.

Mammals
Small mammals were surveyed using 100 snap tra ps

per nigh t (92 Museum Specials and eigh t rat trap s) at
each site over a IO-day period (1000 trapniglu s/site j .

These su rveys were co nduc ted du ring the same lOxlay
period as th e bird su rveys . At each site . th e 100 traps
were set parallel or alon g th e full length o f the bird
transects. The trap s were placed at 10·pa ce (IO ·m)
intervals . Each trap line was moved every 2 days in th e
following seq ue nce : days 1-2 . abo ut 50 rn o uts ide o ne
of the bird tran sect s; days 3-4 . ab out 50 rn o utside the
other bird tran sect : days 5-6. midw ay be twee n the two
bird tran sects: day s 7-8. alon g one bird tran sect; and
days 9-10. alon g the other tran sect.

Each evening. traps were set and bai ted with a mix­
tur e o f rolled oa ts an d peanut butt er. and captures
were rem oved each murn ing imm ediately afte r th e
morn ing bird count s. All mammals co llected were

81. T . Fmlcn . " Po pulat ion Densities of Bird s Derived tro m
Tran sec t Count s," A llk , Vnl 88 (19 71) , PI' 323-34 2: 1. T .
l-m lcn . " Lstuu uuug Breed ing Bird Den sities fro m Tran sect
Co unts : ' Allk , Vo l 94 (1 9 77) , I'P 455-t6M: W. D. Sevcringbaus,
(;lIidl 'li/w s Jor Terrestrial Eco sys tem S UHC ')' , Tech nical Repo rt
~·8 9/ADA(lB6 5 26 tUSA-e lRl. 1980 ) ; \ 1. II. Balp h, i , C.
St od da rt . and D. F. Balph , " A Sim ple Technique for Anal yzing
Bird Transect Co unts." Au k, Vnl 94 (1 9 77 ). pp 606-6 0 7.

I I

placed in a plastic bag labeled with the date and
place of collection , then fro zen, prepared as scientific
stu dy specimens (maintained ill the USA-CER L Bio­
logical Inventory Collec tion ). and identified accor ding
to specie s.

Data collection included species diversity. total
number of specie s collec ted per site, and actual capture
numbers for each species by site. Chi-square tests were
used to identify sign ifican t differences in the num ber
of individuals of each species collec ted am ong the sites .

4 RESULTS

Soil s
The A-hori zon was sam pled in eigh t places on each

prairie study site at Fo rt Carson. The soils on both
sites were Neville" sandy loam. and were typically
deep and sligh tly sloping. The average texture o n site 1
was silty loam to loam. and on site 2 , th e average
texture was silt y loam . On th e average. site 2 containe d
signifi can tly more sand (72 pe rcent versus 53 percent),
mu eh less silt (J7 percent versus 32 percent), and less
clay (I I percent versus 15 percent , not significan t)
than site I . Table I and Figure 4 present th e particle
size distri bution data of all sam pling locations.

The A-hori zon on th e Pi'non Canyon Maneuver Sit e
was sampled nine tim es on site 3 and 10 times on site
4 . The soil was relatively undi sturbed in the sampled
area s. The soils on site 3 were Fort Collin s soils '? . the
samples of which were either sandy loam or loam .
Site 4 was com posed of Manzanola soilsII , with
samples ranging from silty clay . silty clay loam . clay
loam. to silty loam. On the avera ge, site 4 co ntained
mu ch less sand (1 5 per cent versus 4 2 per cent), signi fi­
cantly more silt (52 percent versus 37 percent) . and
muc h more clay (31 perc ent versus 2 1 percent) than
site 3 . Table 2 and Figure 5 give the particle size dis­
tribution data of all sampling locati ons.

Vegetation
All four prairie sites had no mea surabl e shrub or

tree cover and only an incid ental amount o f rock cove r

9 Soil Slin ey of HI Paso COIlJllY , Colorado (Soil Co nserve­
lion Service, 1981) .

1 0 Soil Sur vey oj Los Animas Count)', Colorado (Soil Co n­
scrva tic n Ser vice . 1983) .

I I Soil Co nservat ion Serv ice. 1983 .



Table I

Particle Size Distribution in Surface Horizons
of the Fort Carso n Prairie Stu dy Sit es 100

90
Depth

Sand Silt Clay Tex tu re" (em) 80

Site 1 -\, 70
72 18 10 5L 0-10 ~ 60
65 25 10 5L 0-10 N
56 31 13 51. 0-10 o 50
65 25 10 51. 0-13
40 40 10 I. 0-10 40
49 34 17 I. 0-10
41 39 20 L 0-13 30
39 41 20 I. 0-13 20

~Ican 53.4 31.6 15.0
10

Site 2

79 11 10 5L 0- 15 .. IP
~

~ 6Q ~ "0 ~ ~ -075 14 11 5L 0- 15 q,O 0
74 20 6 5L 0-13
76 18 6 5L 0-13 SAND
62 13 15 5L 0-8
60 25 15 5L 0-8 Figure 4 . Soil particle size distribution of Fort Carson
74 13 13 51. 0-8
73 14 13 SL 0-8 prairie sites 1 and 2. Each dot represents

Mean 71.6 17.3 11.1
one soil sample . The dashed lines delimit
the text ura l distribution of samples with in

· SL = silty loam. L " loam. 3 site.

0 11 one site (Table 3) . Live vegetative ground cover
(basal cover) was very similar all all sites, averaging
highest on site 3 (Pinon Cany on . 43 .9 percent) and
site :2 (F ort Carson. 43 .6 percent) and lowest on site
4 (Pinon Canyon , 26 .5 percent) and site I (F o rt
Carson , 36.4 percent) . Of the tota l, grass cover
averaged more than forb cover on all sites except
site 3 at Pinon Canyon (30 percent forb and 14 per­
cent grass) . Site 4 , also at Pinon Canyon. had abo ut
equal amounts of forb and grass co ver (14 percent
grass and 13 percent forb) . The two Fort Carson sites
each had much more grass cover than forb co ver; site I
had 3 1 percent grass and 5 pe rcent forb, and site 2 had
26 percent grass and 18 percent forb . Percent bare
so il differed litt le among the fou r sites , averaging
74 percent at site 4 , 64 percent at site I . and 56 per­
cent at sites 2 and 3 .

The dom inant grass on all fo ur sites was blue grama
iBouteloua gracilis). Th is species accoun ted for more
o f the tot al cove r on Fort Carson (7 6 percen t at site J.
48 percent at site 2) than on Pinon Canyon ( 32 percen t
at site 4 . 28 percent at site 3) . Plan t production (g/m ')

12

was similar 0 11 bo th installatio ns. with produc tio n
being the greatest at Pinon Canyon on site 4 (130
g/m' ). next highest on site I (12 6 g/m'. Fort Carson).
then site 3 (9 2 g/m'. Pinon Canyon). and least on
site 2 (77 g/m' , Fort Carso n). No significan t difference
in plant production was detected betwee n the four
sites (Table 3) due to the high variat ion within samples
on a site . On each site. grass production accounted for
almost all o f the total herbaceou s produ ction with
forbs co ntributing little to tot al produ ction . However.
forb produ cti on did average higher on Piiion Canyon
(26 g at site 3 and 31 g at site 2).

Birds
The horne d lark was the most common bird on all

sites . ranging from 25 individuals per 100 ha on site 2
(F ort Carson) to 116 individuals per 100 ha on site 4
(Pinon Canyon). The western meadowlark was the
second most com mon species on all sites (9 to 24
per 100 hal . except on site 4 at Pinon Canyon. which
averaged 6 per 100 ha . two fewer than the numbe r of
Brewer's sparrows on this site (Table 4) . These two
species together (h orned lark and meado wlark)



Tabl e 2

Particle Size Distribution in Surface Horizons
uf the Pmoll Canyon Prairie Study Sites

38 25
40 16
23 18
22 19
34 23
36 20
45 21
38 26
45 21

36.9 21.0

\-Ican

M ean

Sand

16
8

13
16
15
19
22
13
18
17

14 .7

37
44
59
59
43
44
34
36
34

42.1

Silt

4 2
63
53
45
47
57
49
42
59
60

51.7

Clay

Site '"

42
29
34
39
38
24
29
45
23
23

30 .6

Site 3

Texture '"

SIC
SICL
SICl.
SICl.
SICL
SIL
CL
SIC
SIL
SIL

L
l.

SL
SL
L
L
L
l.
l.

Depth
(em)

0- 13
0- 10
0-10
0- 10
0-8
0-10
0-10
0- 10
0- 10
0- 10

0-20
0-13
0- 13
0- 13
0-13
0- 13
0-13
0- 13
0- 13

10 0
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SAND
Figure S. Soil particle size distri bution o f Pin on

Canyon prairie sites 3 and 4 . Each do t
represents one soil sample. The dashed
lines delimi t th e tex tural distr ibution of
samples within a site.

· SIC = silty clay, SICL = silty c lay loam. Si l = silly loam.
Cl = clay loam. L = lo um . SL = sand y loam .

Tabl e 3

Summary of Ground Cover and Substrate Cover Types on All Prairie Study Sites

(Data presented [mean ± 1 standard deviati on I is based
on one hundred 1.111 2 quadrat samples in each study site.)

pffion Canyon

Site 4 Site 3 Si te I

Fo rt Carson

Site 2

Bare So il % 73.5 , 11.3 55 .6 , 20.1 63 .6 , 8.0 56. 2 :t. 15 .1

Rock % 0.2 , 0.5
U Vt,., Vegetat ive

Ground Cover % 26.5 43.9 36.4 43.6
Forb Cover % 13 30 5 18
Grass Cover % 14 14 31 26
Sh rub/ Tree Cover
Do m inan t Grass Blue Grama Blue Gruma Bluc Grama Rlue Grama
Herbaceous Prod uc tion v./m2 130 , 95 92 , 50 .5 125 .8 ,46.1 77.0, 46.9

13



Tabl e 4

Avian Species Densit ies on the Prairie Sites

Piiion Canyon-
Species
List

Fort Canon-

Site 1 Site 2 Site 3 Site 4

Western kingbird
ll orn ed lark
Western meadowlark
Lark hunting
Lark sparrow
Brewer's sparrow
Sparr ow (unknown kind)
Mournin g dove

Tota l lndividuals/Site
Total Diversity

Oa
33a
24a

Oa
5ab
Oa
1a
l a

64a
Sa

Oa
2501
20a

la b
13.
Oa
o,
2a

6 1a
5a

l a
56b
9b
4b
3h
) a
I a
l u

75.
8a

I .
116c

6b
4b
Ib
I ,
l a
Oa

136b
7,

- .\ leans fo llowed by thc same Icttcr (for each species) arc not slgniflca ntly different at the 0 .05
probability level .

acco unted for 74 to 89 percent or the to tal individuals
observed on each site . On the average , the lark sparrow
was the third most common species 0 11 the fo ur sites,
ranging from I per 100 ha 0 11 site 4 (Pinon Canyon) to
13 per 100 ha on site 2 (Fort Carson ). The lark bunting
and Brewer 's sparrow were, on the average , next most
abundant. ranging from zero (site I) to 4 (site 4) per
100 ha . and zero (sites I and 2) to 8 (site 4) per 100
ha , respecti vely . Alth ough not common on any site ,
the mourning dove and west ern kingbird were most
numero us 0 11 site 2 (2 per 100 hal and sites 1, 3 , and
4 (I per 100 hal . respective ly .

The presence and numbers of Brewer's sparrows
and lark buntings on each site see med to be close ly
related to the availabil ity or "shrub by " plants for nest
sites . The lark bunt ing occ urred in areas with scatte red
cho lla (Opuntia arborescensi , and Brewer's sparrow
occurred in scattered stands of grcasewood iSarcobatus
verm iculatus t. Lark sparrows were often seen perched
on shrubby species, but all nests found were on the
ground . typically under the cano py of large bunch
grasses.

The total number of individuals per site ranged
from 6 1 per 100 ha (site 2 ) to 136 per 100 ha (site 4 ).
The tot al num bers observed on sites I throogh 3
(n = 6 1- 75) did not differ significantly. bUI all were
much less than thc 136 per 100 ha o bserved on site 4 .
To tal diversity on all sitcs ranged fro m five to eigh t.
but was not signifi cant amo ng sites .
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Mammals
Eight species of nocturnal small mammals were co l­

lected on the four sites (Table 5). Foor or these species
were common to all sites : kangaroo rat (Dipodomys
ordii s, pocket mou se (Perognathus110vIIs). grassho pper
mou se (OllycJwmys lcucogaster) , and deer mou se
tPeromyscus maniculatus). The other four species were
collected o n thr ee or the four sites: plains harvest
mo use (Reithrodontomys montanusi , western harvest
mouse (Reithrodontomys mega/otis). whi te-footed
mouse (Peromyscus leucopus), and pinyon mouse
(Peromyscus truei]. The kangaroo rat was the most
common species on sites I through 3, averaging 27 to
49 indivi dualsjlOOO trap nights ; howe ver. this species
was nearly absent on site 4 (n = I) . The most co mmo n
species on site 4 was the pocket mouse , which averaged
14 per 1000 trap nigh ts. Thi s species was not as com­
mon on the other sites. averaging 3 to 10 per 1000
trapnights. The deer mou se , whit e-footed mou se,
grasshopper mou se , and western harvest mouse were
commo n on at least one of the fo ur sites . The plains
harvest mouse and the pinyon mou se were typically
rare on all sites . The latter species usually inhabit s
pinyon-juniper woodlands. '? There were stands of
thi s woodl and within I mile of th e three sites where
it was ob tained .

12 D. M. Armstrong, Distribution of Mam mals in Colorado .
~fo nograph No. 3 (Museum of Nat ura l History. University of
Kansas. 1972). pp 1-41 5.



Table 5

Mammal Capture Dala'

Pijion Canyon··
Spec ies

(sc ien tific nam e)

1J,,,(xJomy s onlii
j ' l'rllj( lI o t l lllS t tavus

Rrit hrodontomys ml'Ko/tltix
Rcithr odonto mys montunus
Onvctunnvs teucosastrr
t'eromyscus /cUCO!Jll S

t'eromyscus manicutat us
t 'cromys cus truei

Tu tal lndiv id ua ls/Si tc
Tuta l Diversit y

Fort Carson· ·

Si le I Si te 2

27a 49h
l <lah 3ah
1~a lOa
Ia Ua
9a l ila
9b 38b

25a 343
la 3a

IUOa 165h
8a 7a

Sit e 3

28:1
9ab
4h
8h

lOa
3ac
7h
Oa

6ge
7a

Sit e4

l c
14b

Oh
la
lb
De
5b
2a

24d
6.

"Noct ur nal spe cies o nly .

·· ~lca ns followed by th e suuc leit er (fur eac h species ) arc nor significa rn ly d iffere nt at the 0 .05
prob abi lity level.

The total number of individ uals per site ranged
fro m 24 per 1000 trapnights (sit e .j) to 165 per 1000
Irapnight s (site 2). It is interes ting to no te that the
total number of individuals collected 0 11 each site was
significant relativ e to the num ber collec ted 011 all
othe r sites . Tot al diversity on all sites ranged from six
to eight. and did not differ significantly am on g sites .

5 ANALYSIS

Figure 6 com pares mead owlark and horned lark
numbers with total herbaceou s cover in a double
bivariate analysis. For each site. average herbaceou s
cover was determined by averaging one hundred I _m2

quadrats. As illustrated in Figure 6 , there is no sig­
nificant correlation between total herbaceous cover
and meadowlark and horned lark nu mbers. Thu s. there
is no relationship between changes in mead owla rk an d

TOTAL HERBACEOUS CO VER (%)

Veget at ion Co mpared With Birds
The role of rangeland avifaun as in th e ecosystem is

poorly unde rstoo d ; in part icula r. little is known o f the
factors that determ ine the presen ce. absen ce . or
ab undance of a specics.P In this stu dy . total grass,
total forb . and total herbaceo us gro und cover were
compared with th e ab unda nce of th e two 1110st com­
mon bird species (m eadowl ark an d horn ed lark ) on
each of the four prairie sites . The assumpt io n was that
if a co mpo nent of the vegetative cover co rrelated
clo sely with the num bers of these two species on all
fo ur sites . then that com ponen t would strongly
regulat e th eir numbers.

NO SIGNIFICANT CORRELATION
BETWEEN TOTAL HERBACEOUS
COVER M{) BIRD NLM3ERS

~

2·
110 8
90 en
70 ~

3 0

!3 . 50

2°
aD

s10

<J

IS J. A . Wien s a nd ~1. I. Dyer . Ra"KelanJ Avifaunas: Their
Composition, Energetics. and Role in IIw !:'('fIsyslCm , Gen eral
Techn ical Rep ort WO-I (U .S. Dep ar tm cru of Agriculture.

lurcst Scnicc.19 75) , pp H 6-1 82.
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Figure 6 . Meadowlark and hor ned lark numbers
compared to total herbace ous cover. (Dots
repr esent mead owlark numbers, and open
circles represent horned lark numbers .)



horned lark numbers and total herbaceous cover. Fig·
ure 7 compares meadowlark and horned lark numbers
with total forb cover. Again. there is no significant
correlation between either of these species and to tal
forb cover.

Figure 8 compares meadowlark and horned lark
numbers to total grass cove r. and both species of birds
are found to correlate significantly . For meadowlarks.
R ; 0 .981, and for horned larks, R ; 0 .898. There is
an inverse relationship between the two species:
meadowlark numbers increase and horned lark num­
bers decrease with increasing grass cover.

The relationship of meadowlarks and horned larks
to grass co ver agrees with what is kno wn about th e
natural histor y of these two species. The horned lark
prefe rs the opc n plains. dirt roadsides. and shores ,
whereas the meadowlark prefer s grassy mead ows.
fields. and well vegetated prairies. Estimating meadow­
lark or horned lark numbers may be an effective
management tool for assessing the quality (relative
grass cover) of various shortgrass prairie sites.

Soil s Compared With Mammals
Much research has been conducted to try to under­

stand the forces that regulate the abundance and
presence of small rodent species. Most o f these studies
have documented that interspecific competition,
vegeta tive structure. and availability of food resources
are the primary parameters for determining the

structure of small rodent communities." However,
in reaching these conclusions. few researchers have
included in their data sets the effect of edaphic factors
in influencing rodent community structure.

Figure 9 compares, in a double bivariate analysis,
percent soil sand with mammal diversity and abun­
dance. As shown, there is no significant correlation
between mammal diversity and percent soil sand.
However, mammal abundance is highly correlated
(R ; 0.972) with percent soil sand. As soil sand in­
creases, mammal abundan ce also increases. Site 4 on
Piiion Canyon contained only 14.7 percent sand , and
only 24 mammals were collected (loa trapnights); in
comparison. at site 2 on Fort Carson, which contained
71.6 percent soil sand, 165 mammals were collected
(1000 trapnights). Apparently , an increase in soil
sand facilitates burrowing, particu larly for larger
rodents like the kangaroo rat.

To furth er test this hypothesis, percent soil sand
was compared with kangaroo rat and pocket mouse
numbers in a double bivariate analysis (Figure 10).
Kangaroo rat numbers increased and were significantly
correlated (R ; 0 .963) with increasing soil sand, and

14 M. V. Price, "The Role of Microhabitat in Structuring
Desert Rodent Communities," Ecology, Vol 59. No. 5 (19 78),
pp 910-92 1.

Figure 7. Meadowlark and horned lark numbers
cumpared to total forb cover. (Dots rep­
resent meadowlark numbers. and open
circles represent homed lark numbers.)
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Figure 9 . A do uble bivariate analysis comparing
percent soil sand with mammal diversity
and total individuals. (Numbers in the
figure designate the four prairie sites.)

Figure 10 . A double bivariate analysis comparing
percen t soil sand with kan garo o rat (Di­
podomys; and pocket mouse iPerognathus s
numbers. (Nu mbers in the figure designate
the fo ur prairie sites; dot s repr esent pocket
mouse numbers. and open circles represent
kangaro o rat nurnbers.)

pocket mice num bers decreased and were signi ficantly
correlated IR = 0 .951) with soil sand . As soil sand
increases. kangaroo rat num bers increase . and pocket
mice numbers decrease . Kangaroo rats a rc co mpe titors
of pock et mice .' ! Sin ce kangaro o rat s arc large-bodie d.
it is ha rd for them to burro w in " tight" soils like the
clay suils o f site 4 . In their a bsence . th e smaller pocket
mou se becomes relatively abundant. On sandy soils,
wh ich arc easy to burru w in (site 2). the kan garoo rat
excludes many pocket mice. Estimating the numbers
o f kan garoo rats and pocket mice on a site may be an
effective manageme nt tool for assessing th e traffic­
abilit y (sand iness) o f shortgruss prairie sites,

Managem ent Impl ications
Every land man ager m ust inventory and monitor

the changing condition of the land as it is used . The
data reported he re indi cate that wildlife (birds and
mammals) can be used to determine th e condition o f a
site . Thi s condition can be expressed in terms of th e
site 's traffl cahility and pot ent ial cros iveness .

Il l'. Lemen a nd I', W. Freeman. "Qu.uuifica tion ofCompe­
tition Arnon p Coe xisting Hctcrum yids in the Southwest ,"
f li t' Southwestern Naturalist. Vol 28 (19 83). pp 41-46 .

In Figure II . to tal grass cover and per cent so il sand
are used in a bivariat e analysis to det ermine the relative
erodibility and tra fficabili ty of th e four study sites.
Site 4 ha s low grass cove r and a low per centage o f soil
sand : therefore . it is an erodible site (lillie grass cover)
and unacceptable fo r tra ffic (low sand). In co mparison,
sites I and 2 have a high grass cover and arc less erodible;
they also have a higher percen tage of sand and can
better suppor t tra cke d vehic les. Site 3 is intermediate
in erodibility and traffi cabilit y .

In Figure 12 , the most co mmon birds and small
mam mals occurring on these four sites are used to
provide a similar assessment of site erodibility and
traffl cability , As shown . the meadowlark /horned lark
ra tio (many horned lark s and few meadowlark s) is
low for site 4 , and the kan garoo rat /p ocket mouse
ratio is also low (low kan garoo rat s and high pock et
mice) . Thi s translates int o high erodibility (horned
larks prefer bare ground) and generally unacceptable
trafficability (low sand and high Sill and clay ) for the
site. This is th e same result sho wn in Figu re I I. In
comparison . sites I and 2 have a high meadowlark/
ho rned lark rati o and a high kangaroo rat/pocket
mouse ra tio . Thus. th ese sites have low ero dibili ty
and ore acceptable fur tracked vehicles. Sile 3 is
intermediate for bo th wildlife rati os and is also inter­

media te in erodibility and trafficability (Figure II ) .
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Figure II . Calcula ting site erodibili ty and traffic­
abili ty based on vegeta tion and soils
measurements.

6 CONCLUSIONS

Th is repor t has co mpared th e mammals. birds.
vegetation . and soils of four sho rtgrass prairie sites on
the Pinon Canyon Man euve r Site and Fort Carso n , CO,
and has identified bio tic and ab io tic fac to rs that are
highly co rre lated with site quali ty and site traffic­
ab ility , Th e following relationships we re not ed :

Assessing bird (meadowlarks and horned larks) and
small mammal (kangaroo rat s o r pocket m ice) num bers
on the sho rtgrass prai rie will allow a lan d manager to
compare th e ability of various sites to withs tand use
(e rod ibility and tra fficab ility ) .

18

KANGAROO RAT/POCKET MOUSE RATIO (log 10)

Figure 12. Predict ing site erodibili ty and traffic­
ability based on wildlife observations.

As total grass cover on a site increases, mead ow­
lark numbers increase , and horned lark numbers de­
crease . Th ere fore , estimat ing meadowlark or horned
lark numbers may be an effective mean s of assessing
a site's erodibility (percent grass cover) since the high er
the amount of grass. the less erodible a site will be.
On sites wi th sandy so ils, th e num ber of rodents was
high . with kangaroo rats being particularly ab undant
and pock et mice being unusually un common . On sites
wit h sil ty soils, rod ent abundance was low, wi th kan ­
garoo rats bei ng largely absent and pocket mice foun d
rela tively freq uen tly . Th us. est ima ting kangaroo rat
and pocket mice numbers may be a goo d way to assess
a site 's trafficabili ty , since a low kangaroo rat/pocke t
mouse rati o indica tes a highe r pot ential for erosion.
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