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EFFECTS OF TACTICAL VEHICLE ACTIVITY The two study areas are on Fort Hood Military
ON THE MAMMALS, BIRDS, AND VEGETATION Reservation west of I emple in central Texas
AT FORT HOOD, TEXAS (31-05'N, 97045'W). Fort Hood is in the southern

portion of the Cross Timbers and Prairie Vegetational
Area.2 The flora of Fort Hood is influenced by the

INTRODUCTION Edwards Plateau Vegetational Area about 80 km to
the southwest, and the Blackland Prairie, which is

Background immediately to the east.
Recent trends in environmental impact analysis

require that impact estimates be quantified; using The relatively undisturbed site (point C, Figure I),
analytical models is one effective way of doing this. which will be called the "control area," is at 258468 on
But because appropriate cause and effect relationships the Defense Mapping Agency 1:50,000, 1977 Fort
between Army activities and their impacts on ecosys- Hood Map. The site is about 0.5 km north of North
tems have not been established, ecological modeling Nolan Road and about 2 km east of East Range
is not now feasible. Road. The vegetation is typical upland woodland

dominated by rock cedar (Juniperus ashei) and live
This report is the second of a series documenting oak (Quercus fusiformis). Topography is rolling,

basic ecological research conducted to establish these with a combination of level ridge tops and both cast-
cause-effect relationships. The first report described and west-facing slopes. The soil is light-colored
the effects of tracked vehicle activity on the ecosys- gravelly clay. A few cedars have been cut for posts
tem of Fort Knox, KY. I Further significant findings and a few old vehicle trails pass through the area, but
will be documented as they occur during later this is true of all the upland forest observed at Fort
research, which will study the quantification of Hood.
impacts on soil, water, and other parts of the
ecosystem. The tracked vehicle site, which will be called the

Objective "test area" (point T, Figure I), is at 075560 on the

The overall objective of this study is to determine 1977 Fort Hood map. The site is adjacent to the east
Army activities'effects on ecosystems. The objectives side of Antelope Road, about 1 km south of Table

of the phase of the study detailed in this report are: Rock Creek. The vegetation consists of 'Islands" of
(1) to describe preliminary indications of ecological trees in a network of heavily used tracked vehicle
differences between selected areas used for Army trails. Plant species composition, at least for the
tracked vehicle training and areas undisturbed by woody plants, conforms to typical rock cedar-live
training, (2) to document the procedures used to oak. Topography and soils are very similar to the
obtain this information, and (3) to analyze Fort control area, except that much of the topsoil along
Hood's ecosystem to verify tactical vehicle cause- the vehicle trails has eroded, leaving the very light-
Hood'sfect osstem toerbifyed taicl eice cse- colored gravelly clay subsoil exposed. The area is
effect relationships established in previous researc highly disturbed-63 percent of a set of 60 randomly

Approach placed points fell in recently traveled vehicle trails.
Extensive field suryeys were conducted at selected

sites at Fort Hood, TX, to establish the effects of
tracked vehicle training on birds, small mammals, 3 METHODS
and vegetation.

The mammal and bird surveys were conducted
between 14 April and 3 May 1979. The vegetation

2 GENERAL SITE DESCRIPTION studies were done between 22 and 27 May 1979.

Two sites were chosen for quantitative sampling, Vegetation
based on the following criteria: the areas were to be Vascular plants were divided into three categories
similar in soils, topography, and plant species compo- for phytosociological sampling: (I) trees-plants
sition; one of the sites was to be heavily used for woody stems greater than or equal to 50 mm in
tracked vehicle training; and the other was to be diameter at a height of 1.5 m; (2) small woody
relatively undisturbed. vegetation-plants with woody stems less than 50 mm

in diameter at a height of 1. 5 m (this category includes
1W. D. Severinghaus, R. E. Riggins. and W. D. Goran Effects saplings, tree seedlings, shrubs, woody vines, and

qf P)ackid Vehicle Activity on Terrestrial Mammals. Birds, and
egetation at F, Knox. KY . Special Report N-77/ADA073782 2F. W. Gould. Texas Plants-A Checklist and Ecological
1, Arm, .,nstruction Engineering Research Laboratory Summar' (Texas A&M University, TexasAricultunl Experiment
[CFr . J ., 1979). Station. MP-585 REV.. 1975).
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Figure I. Fort Hood, TX (T = test area, C = control area).

cacti); and (3) herbaceous plants-vascular plants diameter.' Total tree canopy cover was estimated in
without perennial above-ground parts. each of the circular quadrats.

Trees were sampled for deasity. frequency, and Small woody vegetation was sampled in circular
basal area with an augmented variable-radius quadrats, 6.1 m in diameter, at the centers o1 30-tree
method.' At 30 stratified, random points in each quadrats in each stand. Plants were counted by
stand, basal area was estimated for each tree species species for density and frequency calculations, and
with a 1O-BAF prism.4 For density and frequency percent cover was estimated for each species.
estimates, all trees were counted by species in an
18.3-m diameter circular quadrat. At an additional Herbaceous plants were sampled in 0.5-m2 quad-
eight randomly selected points in each stand, diam- rats at the centers of 30-tree quadrats in each stand.
eters were measured on all trees within an 18.3-m Plants were counted by species for density and
diameter circle for size-class distribution data. Total frequency calculations, and percent cover was esti-
area sampled for trees was I ha in each stand, mated for each species.
Increment cores were taken from several trees of the
two dominant species for correlation of age with Absolute and relative values for frequency. density.

and dominance were calculated for each species in the
three categories of vegetation. Importance percent-

1E. I.. Rice and W. 1'. Penfound, "An Evaluation of the t e gs___I a e n

Variable-Radius and Paired-tree Methods in the Blackjack.Post 'M. A. Stokc% and I. I.. Smilc. .4n InirA ds, t , , (, hre- RiM

Oak Forest." o1logi., Vol. 36 (1955). pp 315-320. )alting (Univcrsity of (hicagni Prc%%. 196MI.
ID. Bruce. "A New Way to L.ook at I rces," Journal.I o'pr,. /r 'Brucc. pp 163-167; (. W. ('ox. ljah(,rawri tafanual,,f (neral

Vol. 53 (1955), pp 163-167. 1o. v (W. C. Brown Co., 1967)
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ages %ere calculated for each species by taking the Mammals
mean of relative frequency. relative density, and Small mammal trapping was conducted at Fort
relative dominance for that species. A t-test was used Hood during the spring of 1979 on both the control
for ealuating differences.' Shannon- Wiener diversity and test sites. At the control site, trap lines were run
%%as calculated for each vegetation category in each from 22 April through I May. with a total of 1864
stand." trap nights. The test site was trapped from 23 April

Linear regression equations were derived from through I May. with a total of 2038 trap nights.

tree-ring data and used to convert the measured Traps were set out across the control and test areas
diameters to age classes. The resulting age-class along line transects, with individual traps generally
distributions were tested to determine which distri- aong l tr ac wit indiid al trap

butin mdel estdesribe th tw woolans." set at about a 10-pace (8- to 9-in) interval. Each trapbution model best described the two woodlands. line was baited for two consecutive nights, then the

Soil traps were removed and a new line %as set out at

Soil compaction was measured at 60 points in each another location within the control or test area.

stand (i.e., two points 0.5 m from each of 30-tree Specimens captured were examined and measured

quadrat centers). The instrument used was a Soil-test for species identification, and skins and skulls were
model CL-700penetrometer. To measuresoil surface prepared for museum use. These specimens are

disturbance, transects were walked through the study housed at the U.S. Army Construction Engineering
sites, and the number of steps for which there was any Research Laboratory (CE RL).
sign of man-made disturbance was divided by the
total number of steps to obtain a soil surface The results at the two sites were compared using
disturbance index (SSDI). capture index, which is the number of individuals of

each species captured divided by the number of trap
Birds nights multiplied by 1000. Also, a chi-square test was

The survey methods used in this study combined used to compare the populations of the three major
the procedures of Emlen, Severinghaus, and Balph, species captured at the control and test sites. Compar-
Stoddart, and Balph.1" Biomass information (the isons were made of the biomass of each of these
number or weight of all organisms of a given species, and of the species by guild type.
designation in a specified habitat or region) was
obtained by combining the information presented in
Norris and Johnson, Behle, Graber and Graber, 4 RESULTS
Esten. Baldwin and Kendeigh, Poole, Amadon, and
Oberholser. Vegetation

'Cox. p 165. Tree species composition (Table 1) is reasonably
'Cox. p 165. similar in the two areas selected for detailed study.
IF. L. Johnson and D. T. Bell, "Size-Class Structure of Three The coefficient of community]2 of the tree stratum in

Streamside Forests," American Journalof Botanv. Vol. 62(1975), the two areas is 0.73 on a scale of 0 (least similar) to
pp 81-83. 1.0 (identical). Both stands are dominated by rock

'J. T. Emlen, "Population Densities of Birds Derived from cedar and live oak. Post oak (Quercusstellata). Texas
Transect Counts." Auk. Vol. 88 (1971) pp 323-342; J. T. Emlen.
"Estimating Breeding Bird Densitiesfrom Transect Counts," Auk. oak (Q. texana), and Cedar elm (UInus c, assifolia)
Vol. 94 (1977) pp 455-468; W. D. Severinghaus, Guidelines for are common upland trees in central Texas and are
Terrestrial Ecosystem Survey, Technical Report N-89 ADA086526 found in both study areas.
(CERL, May 1980); M. H. Balph, L. C. Stoddart, and D. F.
Balph."A Simple Technique for Analyzing Bird Transect Counts." The only significant difference between the tree
Auk. Vol. 94 (1977). pp 606-607.

11R. A. Norris and D. W. Johnson, "Weights and Weight vegetation of the study areas is in density and percent
Variations in Summer Birds from Georgia and South Carolina," cover (Table 2). The control area has 1.7 times as
Wilson Bulletin, Vol. 70, No. 2 (1958), pp 114-129; W. N. Behle. many trees as the test area. The control area has 2.6
"Weights of Some Western Species of Horned Larks," Auk, Vol. times the aerial cover and 2.5 times the basal cover of
60 (1943). pp 216-221; R. R. Graber and J. W. Graber, "Weight the test area. Tree species diversity is about the same
Characteristics of Birds Killed in Nocturnal Migration," Wilson th e t .Tre e csvrsy about the s
Bulletin, Vol. 74. No. 1 (1962), pp 74-88; S. R. Esten, "Bird in both, with 1.39 in the control and 1.48 in the test
Weights of 52 Species of Birds (Taken from Notes of William Van area.
Goider)," Auk, Vol. 48 (1931). pp 572-574; S. R. Baldwin and S. C.
Kendeigh, "Variation in the Weight of Birds." Auk. Vol. 55 (1938). Species composition of the small woody vegetation
pp 416-467; E. L. Poole. "Weights and Wing Areas in North in the two study areas is similar (Table 3). However,
American Birds," Auk. Vol, 55 (1938). pp 513-518; D. Amadon,
"Bird Weights and Egg Weights," Auk. Vol. 60(1943). pp 221-234;
H. C. Oberholser, The Bird Life of Texas. 2 Vols. (University of 12G. W. Cox, Laboratorr Manual of General Ecology (W. C.
Texas Press. 1974). Brown Co.. 1967).
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Table I

Tree Data Summary

Species Control Area Tank Training Area

(Scientific Names)
RFO RD RBA IP RF RD RBA IP

Bumelia lanuginosa .. 2.8 1.2 0.5 1.5
Celhis reficulata . . ... 5.5 1.6 0.0 2.4 !
Cercis canadensis 1.0 0.2 0.0 0.4 1.4 0.4 0.0 0.6
Juniperusashei 34.0 43.9 47.0 41.6 31.9 28.7 26.3 29.0
P ru n u s m e x ica n a 2 .0 0 .9 0 .6 1.2 .. .. .. ..

Quercusfusiformis 30.0 34.0 36.8 33.6 37.5 35.6 38.5 37.2

Q. m arilandica 4 0 0.9 1.7 2.2 .. . . .

Q. sinuata 10.0 11.3 6.8 9.4 .. .. .. ..
Q. stellata 4.0 1.9 3.3 3.1 1.4 4.9 10.9 5.7

Q. texana 5.0 4.2 1.4 3.5 13.9 23.5 20.6 19.3

Rhus lanceolata 1.0 0.2 0.1 0.4 .. .. .. ..

Ulmus crassifolia 7.0 1.9 2.4 3.8 5.5 4.0 3.2 4.2
Viburnum rufidulum 2.0 0.5 0.0 0.8 - .. .. .

*RF = relative frequency

RD = relative density
RBA = relative basal area ( relative dominance)
IP = importance percentage

Table 2
Comparison of Cover and Density Data Between

the Control Area and the Tank Training Area

Tank Training

Control Area

Basal area of trees (m2/ha) 10.4 4.4

Aerial cover of trees (%) 53.3 20.5

Number of trees/per hectare 426 247

Aerial cover of woody understory (%) 44.8 14.1

Number of woody understory plants
per hectare 12,980 4,320

Aerial cover of herbaceous plants (%) 19.9 13.8

Number of herbaceous plants
per hectare 195,900 606,800

Total cover (%) 118.0 48.4

10
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Table 3

Summary of Small Woody Vegetation (Includes Saplings, Tree
Seedlings, Shrubs, Woody Vines, and Cacti)

Species
(Scientific Names) Control Area* Tank Training Area

RF RD RC IP RF RD RC NP

Bumelia Ianuginosa 0.5 0.1 0.2 0.3 1.7 0.3 0.7 0.9
Cetis reticulaa 3.9 1.0 1.8 2.2 6.9 1.3 2.1 3.4
Cercis canadensis 3.9 3.1 1.6 2.9 .. .. . ..
Diosp, ros texana 11.6 11.4 21.4 14.8 5.2 2.9 12.8 7.0
llex decidua 1.1 0.5 1.1 0.9 .. ..

Juniperusashei 12.2 7.7 19.9 13.3 15.5 6.9 14.9 12.4
Lonicerajaponica 0.5 0.2 0.2 0.3 - - -

Mimosa borealis 1.7 0.5 1.4 1.2
Opuntiaphaeacaniha 3.9 0.9 0.4 1.7 1.7 0,3 0.7 0.9
Prunus mexicana 0.5 2.2 0.7 1.1 -...
Parthenocissus quinquefolia 2.8 5.5 1.6 3.3 -.

Quercusfusiformis 9.9 9.8 8.3 9.3 3.5 3.4 0.7 2.5
Q. marilandica 0.5 0.1 1.1 0.6 .
Q. sinuata 5.5 8.4 19.2 11.0 ...

Q. stellata 1.1 0.3 0.2 0.5 .. .
Q. texana 4.4 0.9 1.1 2.1 3.5 0.5 0.7 1.6
Rhus aromatica 3.9 8.2 4.0 5.4 19.0 47.1 34.8 33.6
R. lanceolata 0.5 0.3 0.4 0.4 6.9 2.1 2.8 3.9
R. toxicodendron 12.2 27.5 9.4 16.4 10.3 19.9 5.7 12.0
Rubus trivialis 0.5 0.1 0.2 0.3 . . -. .

Smilax bona-nox 10.5 8.7 3.6 7.6 8.6 8.2 2.8 6.5
Ulmus crassifolia 1.1 0.2 0.4 0.6 5.2 1.3 2.8 3.1
Viburnum rufidulum 2.8 1.0 1.3 1.7 5.2 4.0 13.5 7.6
Vitis berlandieri 6,1 2.3 1.8 3.4 3.5 1.1 2.8 2.5
Zanthox v/ur hirsutum .. .. t.7 0.3 0.7 0.9

*RF = relative frequency
RD = relative density
IP = importance percentage
RC = relative cover

the coefficient of community is only 0.56. The woody Herbaceous vegetation shows the greatest differ-
understory is dominated by fragrant sumac (Rhus ence between the two plots (Table 4). The herbaceous

aromatica) in the tank training area, but not in the stratum in the control area is dominated by cedar
control area. Dominance of fragrant sumac in the sedge (Carexplanostachys)-which was not found in
woody understory in the test area is probably a result the test area-and by Texas grama grass (Bouteloua
of the more open tree canopy. Fragrant sumac does rigidiseta), which is an insignificant component in the

not seem to tolerate shade well, and usually grows test area. The most important herb in the test area,
only where it receives direct sunlight for at least part wooly plantain (Plantago patagonica), is not found

of the day. in the control area. The coefficient of community is
only 0.28.

4 The actual presence or absence of a woody species The control area has slightly more herbaceous
in either stand cannot be attributed to disturbance or cover but many fewer individual plants than the test
lack of disturbance. Woody understory species diver- area (Table 2). This is because of the different nature
sityis 2.38inthecontrolarea and 1.76inthetest area. of the herbaceous plants in the two areas. The two
This difference is caused by the large number of dominant herbs in the control area, Texas grama and
species in the control area and the heavy dominance cedar sedge, are perennial plants which form rather

by one species in the test area. large, many-stemmed clumps. Most of the herbaceous
plants found in the test area are small weedy annuals

The density and cover of woody understory plants which usually have single stems. The most important
(Table 2) is significantly different in the two areas, herb in the test area, wooly plantain (as well as many
The control plot has three times as many small woody other species of Plantago), is a good indicator of
plants per hectare, and they cover 3.2 times as much disturbance, since it is seldom found anywhere but
area. recently disturbed soil.
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Table 4

Herbaceous Vegetation Summary

Species
(Scientific Names) Control Area Tank Training Area

RF RD RC IP RF RD RC IP

Allium canadense .. .. . .. 7.1 3.2 1.4 3.9

Ambrosia artemisiifolia .. .. . .. 3.0 1.0 2.9 2.3
Aristida purpurea - - - - 6.1 7.5 9.4 7.7

Bouteloua rigidiseta 18.5 16.0 50.3 28.3 1.0 0.2 0.7 0.6
Buchloe dactyloides 1.5 1.0 0.5 1.0
Carex planostachys 29.2 52.4 31.2 37.6
Eyodium texanum - 5.1 0.7 2.2 2.7
Euphorbia spathulata . .- - 1.0 0.1 0.7 0.6

Evax verna - - 12.1 12.3 6.5 10.3
Liatris mucronata . .- - 1.0 0.1 0.7 0.6
Oxalis dillenii .- - 1.0 0.8 0.7 0.8

Panicum halli 3.1 1.7 0.5 1.8 1.0 0.1 0.7 0.6
Plantagopatagonica - - - - 12.1 26.5 22.5 20.4

Plantago virginica - - - - 1.0 0.3 0.7 0.7
Poa arachnifera 1.5 0.4 1.5 1.1 - -..

Schrankia roemeriana - - - - 1.0 0.2 0.7 0.6
Sisx rinchium ensigerum .-. . 1.0 0.2 0.7 0.6
Stillingia texana .- 1.0 0.4 0.7 0.7
Stipa leucotricha 1.5 2.0 6.5 3.3 .. .. . ..

Tragia betonicifolia 6.1 2.0 0.5 2.9 5.1 2.6 3.6 3.8
Unidentified forbs 26.2 15.0 5.0 15.4 18.2 24.8 25.4 22.8
Unidentified grasses 10.8 9.2 3.5 7.8 19.2 17.3 17.4 18.0
Valerianella amarella 1.5 0.4 0.5 0.8 1.0 1.3 0.7 1.0
Verbena pumila - - - 1.0 0.1 0.7 0.6

Vulpia octoflora . . .. .. 1.0 0.2 0.7 0.6

ORF = relative frequency
RD = relative density
IP = importance percentage
RC = relative cover

Age was found to have a high correlation with tree The test area has no trees older than about I 10
diameter in both rock cedar and live oak. Rock cedar years, while the control area has trees up to 150 years
has a diameter growth rate of 2.5 mm/yr, with an old. This is probably not a result of training activities.
age-diameter correlation of 0.945 (p <0.01). Live oak Woody vegetation has increased along the prairie-

in the two stands grows at a rate of 3.66 mm/ yr, with forest border since the area was opened for settle-
an age-diameter correlation of 0.971 (p<0.01). These ment.13 The forest on the test area probably became
growth rates were used to calculate tree ages from established later than that on the control area.

. idiameter measurements. The average value of 3.08
nmm/ yr was used for the few trees that were not live A reduction in plant cover is the most noticeable

oak or rock cedar. The age-class distributions of trees effect of tracked vehicle training activities on the
in both areas (Figure 2) fit the negative logarithmic vegetation of upland woodland at Fort Hood. The
model, which is typical of most undisturbed natural sum of tree, woody understory, and herb cover is 118
forests. Because of the type of disturbance, even the percent in the control area, and only 48 percent in the
heavily damaged test area fits the "natural" model. In test area. Effects on species composition may be
the test area, vegetation is completely destroyed related to the size and lifespan of the plants affected.
where vehicles travel, but is relatively undisturbed in Species composition of the tree stratum is as similar
the "islands" of trees between trails. This type of

disturbance reduces the biomass, cover, and number "F. L. Johnson and P. G. Risser. "A Quantitative Comparison

of plants without upsetting the normal size-class Between an Oak Forest and an Oak Savannah in Central

distribution. Oklahoma," Southwest Naturalist, Vol. 20 (1975). pp 75-84.
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Figure 2. Comparison of age distribution of trees between control and tank training areas. (Symbols: +

and solid line = control; o and dashed line = tank training area. The lines are least-squares regression lines.
Note logarithmic scale on vertical axis.)

in the two stands as could be expected of two was 2.95 kg/cm2 . An attempt was made to determine

undisturbed stands in the same vegetation type. The a rate of recovery from compaction by dividing recog-

woody understory has essentially the same species in nizable tank tracks into "new" (no vegetation) and

the two areas, but the similarity (coefficient of "old" (vegetation beginning to recover). The mean

community) is not high because the test area is penetrometer reading on "new" tracks was

dominated by species that do not tolerate shade. 3.51 kg/cm 2, and on "old" tracks, 2.80 kg/cm 2 .
However, the variance is quite high, and the difference

The herbaceous plants show the greatest contrast is not statistically significant. Transect information

4 in species composition. The control area is primarily gave results of 6 percent disturbance (SSDI) for the

composed of rather large, perennial plants, which control and 74 percent SSDI for the test site.
would be expected in an undisturbed habitat. The

dominant herbs in the test area are small weedy Birds

annual plants characteristic of habitats where the soil An ecological baseline study of Fort Hood reported

surface is frequently disturbed. 84 bird species observed during the fall survey, and an
additional 47 during the spring. "4 Of the 135 species,

s01 44 were observed on the two tactical vehicle study
Penetrometer readings showed high variance in sites, with 28 on the test site and 31 on the control site

both areas, with a range in both stands of 0.25 to
4.5 kg/cm. However, the means were different
enough to be statistically significant (p<0.005). The ",w D. Severinghaus, R. S. Baran, and R. E. Riggins,

mean of all penetrometer readings in the control area Ecological Baseline-Fort Hood. Texas, Technical Report N-

was 1. 19 kg/cm 2, while the mean for the test area 95'ADA088271 (CERL, August 190).
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Table 5

Avian Species; Densities and iomass

Tat Control

No/lIN a gJillha No/INlb ha /lN ha Guild

Tedt and Control
Turkey vulture 0.24 528.0 2.71 5962.0 16

Bobwhite 1.59 294.2 2.50 462.5 8
Mourning Dove 4.44 577.2 13.75 1787.58

Yellow-billed cuckoo 1.90 114.0 1.67 100.2 14
Carolina chickadee 6.35 57.2 31.11 280.0 5
Tufted titmouse 24.45 523.5 77.36 1624.6
Carolina wren 3.17 6.34 6.25 125.0 15
White-eyed vireo 17.78 231.1 11.25 246.3 24
Nashville warbler 8.57 68.6 10.00 80.0 13
Black-throated green warbler 1.27 11.4 26.67 150.0 13
Eastern meadowlark 6.35 698.5 10.28 1130.8 28
Drown-headed cowbird 57.78 2600.1 47.78 22150.2 30
Summer tanager 2.22 73.3 23.33 769.9 2
Cardinal 51.43 2057.2 110.00 4400.0 3
Rufuous-sided towhee 23.33 573.2 4.27 279.33

Ted Only

Turkey 0.38 2850.0 7
Killdeer 0.95 85.5 24
Eastern kingbird 5.71 205.6 12
Great created flycatcher 1.90 68.4 13
2House wren 2.27 15.2 15
Dewick's wren 3.65 25.6 15
Mockingbird 28.57 2428.5 31
Painted bunting 19.05 285.8 1
Lark sparrow 44.23 2235.6 1
Rufous-crowned sparrow 7.14 249.9 3
Chipping sparrow 2.54 33.01
White-crowned sparrow 6.35 290.5 1
Song sparrow 0.95 20.0 3

Control Only

Black vulture 0.42 1008.0 16
Mississippi kite 0.83 232.4 21
Great horned owl 22.25 15 75000 28
Chimney swift 2.08 43.7 11
Ruby-throated hummingbird 24.27 749.3 6
Dendrocopos sp. 1.67 45.2 26
Barn swallow 8.33 174.9 1I
Purple martin 2.22 99.9 11
White-breasted nuthatch 4.17 87.6 15
swainson's thrush 16.95 559.4 27
Blue-gray gnatcatcher 8.33 50.0 15
Ruby-Crowned kinglet 20.83 125.0 I5
Cedar waxwing 8.33 249.9 2
yellow-rltnped warbler 6.25 43.8 23
Common grackle 0.56 94.1 28
White-throated sparrow 23.33 653.2 3

Totok 25054.5 23564.7

*Data not included in total because of its unusual nature (bird was immature, nesting close to transect).
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Figure 3. Bird biomass versus percent disturbance.

(Table 5). The data were analyzed by examining total percent for a short-term use site (less than I year) and
biomass and diversity, and by using guild theory. 5  59.8 percent for a long-term use site (over 45 years) at

Fort Knox, KY.' 6

Because it eliminates variation between habitat
types and concentrates on the amount of sustainable The change in diversity between the two sites was
life present, total biomass is the most effective expected, with 15 species being found on both test
measure of the overall impact tracked vehicle training and control, 13 species only on the test, and 16 species
has on bird populations. Biomass was totaled for only on the control. Of the 15 species occupying both
both the test site (15 045.5 g/ 100 ha) and the control test and control, the four showing a preference for the
site(23 564.7 g/ 100 ha). The biomass data were then test area were the yellow-billed cuckoo, white-eyed
graphed (Figure 3) against the amount of soil surface vireo, brown-headed cowbird, and rufous-sided
disturbance previously analyzed. If one assumes that towhee; the latter three are wood margin, hedge row,
change in biomass per amount of disturbance is a and open country dwellers. The rufous-sided towhee
linear relationship, this graph can be used to estimate showed a significant preference for the test site
the amount of avian biomass at sites having 0 to 100 (0.05 > p > 0.02f, Table 7). The remaining I I species
percent surface disturbance (Table 6). The percentage common to both test and control showed a preference
lost (38 percent) fell well within the ranges of 20.9 for the control, with six species showing a significant

preference for the control (mourning dove, 0.05 > p >
19W. D. Severinghaus, R. E. Riggins. and W. D. Goran, Effects 0.025; carolina chickadee, p < 0.005; tufted titmouse,

of Tracked Vehicle Activity on Terrestrial Mammals. Birds, and p < 0.005; black-throated green warbler, p < 0.005;
Vegetation at Fort Knox. K Y. Special Report N-77, ADA073782
(CERL. July 1979); W. D. Severinghaus, "Guild Theory Develop- 1W. D. Severinghaus. R. E. Riggins. and W. D. Goran. Effects
ment as a Mechanism for Assessing Environmental Impact," of Tracked IVehicle Activitr on Terrestrial Mammals, Birds,. and
Journal of Environmental Management. Vol. 5. No. 3 (1981). pp Vegetation at Fort Knox, K. Special Report N-77 ADA073792
187-190. (CERL. July 1979).
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Table 6 Table 7

Change in Biomass Because of Training Significant Site Preference

Percent Soil Surface Total Bird
Disturbance Blomass, g/00 ha Percent Change Test Site Preference:

*Rufous-sided towhee 0.05 > p > 0.025
00 24 3000 0 Mockingbird p < 0.005
6 23 560 -3 Painted bunting p < 0.005

74 Is 050 -38 Lark sparrow p < 0.005
1000 11 750* -520

*Projected from Figure 3. Control Site Preference:

summer tanager, p < 0.005; cardinal, p < 0.005). Of *Mourning dove 0.05 > p > 0.025
these six species only one, the mourning dove, is not a 'Carolina chickadee p < 0.005
forest or woodland dweller, but it does nest in trees. *Tufted titmouse p < 0.005

*Black-throated green warbler p < 0.005
CERL alsoanalyzed the diversity of species present *Summer tanager p < 0.005

CE Lalo nayzd*Cardinal p < 0.005
only on the test or the control. Almost all of the 13 Green horned owl 0.025 > p > 0.01
species seen only on the test (Table 5) were open Ruby-throated hummingbird p < 0.005
woodland, field, shrub, fencerow, thicket, or wood- Barn swallow 0.05 > p > 0.025

land margin dwellers. The only exception was the Swainson's thrush p < 0.005
great crested flycatcher. Of the species found only on Blue-gray gnatcatcher 0.05 > p > 0.025
gret Ruby-crowned kinglet p < 0.005
the test, three were present in significant numbers Cedar waxwing 0.05 > p > 0.025
(mockingbird, p< 0.005; painted bunting, p< 0.005; White-throated sparrow p < 0.005
lark sparrow, p < 0.005). The 16 species observed
only on the control were virtually all woodland and *Found on both test and control sites.

forest dwellers-except the black vulture, Mississippi
kite, barn swallow, common grackle, and the rather that their accuracy is questionable. Only one individ-
secretive ruby-throated hummingbird and white- ual of guilds 16 (a black vulture) and 21 (a Mississippi
throated sparrow. The major finding of this bird kite) was observed. The single member of guild 18
study was that 14 species showed a significant was an immature, but fledged, great horned owl
(p < 0.05) preference for the control (Table 7). which was staying on the original nest within 20 m of

the transects. It was observed every day, and made no
At Fort Hood, CERL applied guild theory, which attempt to leave its perch when approached.

maintains that species belonging to the same guild
use resources similarly. When this theory is used to For the bird population in general, the data
analyze environmental change, two products should collected indicate that positive or negative changes
result: (i) as negative or positive changes in each were caused by one major habitat disturbance: the
species are combined with those in other species of opening of the woodlands and the understory. Sec-
the same guild, the cause of the changes should ondary effects were the change in the availability of
become more evident; and (2) as the causal relation- food sources (guilds 1i, 26, and 28) or the change
ships are determined and the quantity of basic data caused by species' tolerance of disturbance (guilds 6
increases guild by guild, the cause and effect relation- and 31).
ships between man and his environment should
become more predictable. Mammals

Only four species were captured from small main-
The bird data from Fort Hood were tabulated mal trapping at the control and test sites, and only

according to the guild scheme in Table 8.17 The two of these species were found at the control site
important pointsto note are the guild characteristics, (Table 9). In trapping during the spring of 1979 at
the direction of change (positive or negative), and the seven other sites on Fort Hood, two different species
probable cause of the change. Of the 21 guilds on were captured: the pygmy mouse, Paiomy's tavlori,
which data were gathered, three (numbers 16, 18, and and the plains harvest mouse, Reithrodontomrs
21) had such small sample sizes-or other biases- montanus. The two Peromyscus species found at the

test and control sites were also the most abundant at

,1W. D. Severinghaus. "Guild Theory Development asa Mecha- these seven sites. In trapping near the same sites
nism for Assessing Environmental Impact," Journal of Environ- during the autumn of 1978, four other species were
mental Management, Vol. 5, No. 3 (1981), pp 187-190. found-the deer mouse, Peromyscus maniculalus
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Table 8

Tracked Vehicle Effects on Bird Guilds

lomass Percent
Primary Guild Characteristic Teat Control Change Probable Cause

I. Seedeating. open lield 1744,9 -- +100.0 Opens woodlands, open field species invade
2. Seedeating. ssoodland 73,3 1019.8 -92.8 Opens woodlands
3. Seedeating. edge 2800.3 5232.5 -46.5
5. Fruit seed. woods edge 570.7 1904.6 -70.0 Opens woodlands
6. Nectar -- 749.3 100.0 Probably relates to species sensitivity secretiveness
7. Mast grain. woodland

open understory 2850.0 -- + 100.0 Opens woodlands and understory
8. Mast grain, small, brush field 871.4 2250.0 -61.3 Reduces understory

II. Insectivorous, sustained, diurnal -- 318.5 - 100.0 Reduction in suitable habitat for food source
12. Insectiorous, sallying, open 205.6 -- +100.0 Opens woodland
13. Insectivorous, sallying, woodland 148.4 303.8 -51.2 Opens woodland
14. Insectivorous. gleaner, large 345.1 246.1 +28.6 Opens woodland and understory
15. Insectivorous. gleaner, small 104.2 287.6 -73.1 Opens woodlands and understory
16. Carnivorous. carrion 528.0 6970.0 -92.4 Probable reduced food source
18. Carnivorous, hunter, night, large -- 15 750.0 -100.0 Information accuracy questionable because of sample size21. Carnivorous, hunter -- 232,4 100.0 Sample size too low to allow accuracy

24. Invertebrate, pasture field 85.5 -- +100.0 Opens woodlands
26. Invertebrate, woodworker -- 45.1 -100.0 Reduction of feeding habitat by loss of trees
27. Omnivorous. woods brush -- 559.4 -100.0 Opens woodlands and reduces understory
28. Omnivorous, open field 698.5 1224.9 -43.0 Reduction in food sources
30. Omnivorous, mixed, non-ground 2600.1 2150.1 +17.3 Opens woodlands
31. Omnivorous. disturbed sites 1428.5 -- +100.0 Sites were disturbed

Table 9

Mammal Capture Data

Species
(Scientific Names) Captives Captive Index Population Change, Percent; Chi-square Test

Control Test Control Test Control/Test of Distribution

SvIvilagus.floridanus 0 I
Perognathus.flavus 0 5 0.00 2.45 +100% 0.025 to 0.050
Peromrscus pectoralis 12 13 6.44 6.38 -1% > 0.995
Peromvscus attwateri 20 29 10.73 14.23 +33% 0.1 to 0.5

*Statistically different at the p = 0.05 level.

the hispid cotton rat, Sigmodon hispidus; the eastern number captured on the control site for each of the
wood rat, Neotoma floridana: and the fulvous har- three comparable species. However, the number of
vest mouse, Reithrodontom'sfulvescens.'1 trap nights was larger on the test site (2038) than on

The capture index values, the percent change in the control site (1864); this factor tended to equalize
populations from control to test, and the results of the results. The chi-square test of distributions indi-
the chi-square test are given in Table 9 for three of the cated a significant difference in the number of silkyfour species found on the control and test sites. The pocket mice (p < 0.05), but there was essentially no

eastern cottontail, an immature, was captured on the difference in the populations of white-ankled mice,
test site; it can be reasonably assumed that this Peromyscus pectoralis, and only a weak statistical
species also inhabits the control site. Data for the difference in the populations of brush mice, Pero-
species were insufficient for comparison and analysis. myscus altwateri. captured on the two sites.

From the results, it is evident that the number of The silky pocket mouse, Perognathusflavus, was
small mammals captured on the test site exceeded the found only on the test site. This species typically

occurs in the more xeric regions of south and west
1W. I). Severinghiaus. R. S. Haran. and R. F. Riggins. Texas, and at Fort Hood is at the eastern extreme of

Ii'olipal j.ksclihi. Iorf I1,d,. l'va.s. technical Report N- its range. Schmidly reports that "tall, dense ground
95 AI)AI088271 ((FRI. August 198)). p 85. cover restricts its [the silky pocket mouse's] move-
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ments, whereas short ground cover does not." '1 Five Peromys'us atlwawri, the most frequently captured
individuals of this species were captured, all from species, was taken about 33 percent more often on the
open sparsely vegetated, or completely devegetated test site than on the control. However, both P.
areas subject to repeated military vehicle traffic. aitwateri and P. pectoralis were more or less uniformly

dispersed throughout the control site, while almost
The diet of this mouse consists mainly of seeds. 20  all of the Peromyscus captured from the test site were

While there were more high-seed-producing weedy found within or along the edge of the relatively
annuals at the test site than at the control site, the undisturbed islands of vegetation.
presence of this species only at the test site appears to
be closely related to the change of habitat resulting Biomass was also used as a means of comparing
from intensive military activities, captives from the two sites. Figure 4 graphs variations

in the biomass of each of the three compared species
Two species of the genus Peromyscus, the white- captured from the test and control sites, and the

, footed mice, were found on both the control and test totals of these three species. The biomass for the test
sites. These are the white-ankled or encinal mouse, site increased 23 percent over that for the control,
Peromyscus pectoralis, and Peomyscus attwaleri, with P. attwateri accounting for most of this weight
which was formerly considered a sub-species of the increase.

t brush mouse, Peromy'scus b'ssvlei. In a similar study at Fort Knox, an analysis of
The white-ankled mouse'.z range extends through small mammal biomass by guilds was also useful. 26

the tableland of northern Me i . north into southern At Fort Knox, data were obtained for small mammal
Arizona and central I exus. Thkf species is associated species from four of the 30 guilds; while at Fort
with rocky areas and oak-juniper woodlands; juniper Hood, data were collected for species from only two
berries, acorns, and hackberries compose much of its guilds- i1, the seed eating, secretive, burrow dwellers
diet.2' Species of oak ar.4 juniper dominated the (pocket mice, kangaroo rats), and 12. the seed eating,
overstory at test and control sites, and netleaf secretive, nest dwellers (white-footed mice, harvest
hackberry was also found on both sites. Captures of mice, and jumping mice). Further, species from only
the white-ankled mouse were essentially equal on the one of these guilds, 12, were found on the control site.
two sites. The results, a biomass comparison by guild for

control and test sites, are given in Table 10. For both
Peromyscus attwateri ranges from western and guilds, biomass was greater on test than on control.

north central Texas into Oklahoma, Arkansas, and Tab 10
southwestern Missouri. Like P. pectoralis, this mouse
prefers rocky habitats with areas of brush and trees, Guild Biomass
but can also be found along stream banks, rock walls,
and talus slopes; occasionally it enters cabins.2 It is siomas

frequently found with the white-ankled mouse. 23  Control

Studying populations of several species of Peromyscus (i grams) Test Change

in southwestern Missouri, Brown found that the diet
of P. attwateri was 50 to 60 percent seeds, 25 to 35 II. Pocket mice, 0 41 100 percent

percent insects, and up to 15 percent berries during kangaroo rats
the early spring months.24 Davis reports that in Texas 12. White-footed mice 1188 1423 20 percent
brush and woodlands, acorns are a favorite food, as Totals 1188 1464 23 percent
are hackberries, juniper berries, and cactus fruits.

Davis also describes these mice as adept at climbing
and states that "without doubt they garner much of While predictions from the 1979 Fort Knox report
their food in trees."25  for guild 12 (white-footed mice) were reinforced by

the Fort Hood results, predictions for guild II
'9David J. Schmidly, The Mammals of Trans-Pecos Texas (pocket mice and kangaroo rats) conflicted with the

(Texas A&M University Press, 1977), p 81. results obtained at Fort Hood. No members of guild
20Schmidly, p 83. II were encountered at Fort Knox. But from results
21William B. Davis, The Mammals of Texas, Bulletin No. 41

(Texas Game and Fish Commission, 1960), p 185. observed in other guilds. it was predicted that for
22Davis, p 183. both short and long-term situations, the probable
2"Schmidly, p 110; and Davis. p 185.
Z4L. N. Brown, "Ecology of Three Species of Peromyscus from 2fW. 1). Severinghaus, R. E. Riggins, and W. D. Goran, EfTects

Southern Missouri." Journal of Mammalogy, Vol. 45 (1964), p (f Tracked Vehicle Actfivit on Terrestrial Mammals., Birds and
198. Vegetation at Fort Knox. KY. Special Report N-77, ADA073782

25Davis, p 184. (CER I., July 1979), p 48.
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impact on the den-nest-cover parameter would be 5 DISCUSSION
negative and extensive, and for the food parameter,
negative but minimal. 27 The silky pocket mouse was Vegetation and Soil
the only guild I I species captured at Fort Hood, and Training activities on the test area at Fort Hood

it was found only on the test grid in the areas exposed have damaged the vegetation and soil considerably.
to the long-term impacts of tracked vehicle training. A reasonable estimate is that intensive tracked vehicle

activity on any particular site for a number of years in
Like the white-footed mouse, the seed-eating pocket the Fort Hood area will reduce total plant cover by

mouse benefits from the increased seed production of about 60 percent and will disturb about 60 percent of
the weedy annuals that characterize disturbed sites, the surface soil. This estimate is based on the fact that
but more importantly, this mouse benefits from the the test area has 41 percent as much plant cover as the
change in habitat resulting from repeated mechanical control area. For woody plants, the principal effect of
disturbance of vegetation and soils. Through vehicle training activities seems to be a simple reduction of

activity, the relatively dense and mesic ground cover density and cover without any major shifts in species

of the Cross Timbers and Prairie Vegetational Area composition. With herbaceous plants, however, there
has been replaced by a more sparse and xeric micro- was a major shift in species composition from
environment favorable to the pocket mice. The Fort relatively large perennial plants to small annuals.
Hood results indicate that the impact of tracked These plants have an advantage under disturbed
vehicle activity on guild II is also positive, conditions because they complete their life cycle

within a feu months, and thus have a better chance of

At Fort Knox, captures of white-footed mice reproducing before being destroyed.
increased on undisturbed sites. It was thought this
happened in part because reproductive males wan- Continued training activities at the current level on
dered more, increasing their home range size to the same site probably will not cause much further

survive on areas of reduced vegetation. Small man- deterioration. Travel along the trail network seems to
mals were captured at Fort Knox with live traps set in have stabilized, with only a few new trails having

rectangular grids at a forested site (control); a site been formed in the past few years. There has been
characterized by brush piled in gulleys, with only some recent, but minor, damage to woody vegetation.
widely spaced, mature trees left standing (short-

term); and an intensively used barrier site with deep Furthermore, soil damage will probably be minimal
erosion gulleys (long-term). No white-footed mice because existing soil is thin and gravelly, even on
were captured in live traps at the control site (which completely undisturbed sites. The bedrock is very

did support shrews, voles, and chipmunks), but close to the surface, thereby preventing the formation
white-footed mice dominated the short- and long- of deep gullies. After the thin layer of topsoil washes

term sites, with males composing 80 percent of the away soon after the establishment of a vehicle trail,

individuals of this species captured on the short-term there is very little material left to erode.
site and 77.8 percent on the long-term site. Also.
toward the end of the trapping period (20 days in Pirds
April and May) there was an increase in the number In areas where the most training is done, there has
of scrotal males among the captured Peromyscus. been, approximately a 40 percent loss of bird biomass.

Generally, this conforms to results obtained in other

At Fort Hood, however, a similar male/ female sex ecological systems. Though the number of species

ratio in captured individuals of Peromyscuspectoralis stayed nearly the same-28 in the test area and 31 in

and peromyscus attwateri was not observed. Here, the control-the diversity changed. The two areas
proportions of males to females were essentially even had only 15 species in common. Training caused a
on both control (48.5 percent male, 51.5 percent reduction or loss of the sensitive, pure woodland

female) and test (47.2 percent male, 52.8 percent species and a gain in edge, less sensitive, and dis-
female). Also, few scrotal males were on either turbed-site species.

control or test.
Additional changes in bird species should not be

expected unless Fort Hood begins to use the training

areas more, or opens new areas. The major problem

2'Severinghaus, Riggins, and Goran, pp 17 and 49; John A. would be the continued loss of some of the more
King. ed., Biology of Peromyscus (Rodentla). Special Publication sensitive and habitat-restricted species, whose exis-
No. 2 (The American Society of Mammalogists, 1968), p 114. tence in the general area would be threatened.

20



Mammals ably favored by man's operations. Since the coming
Moreanimalswerecapturedatthetestsitethanat of European man, land-use practices (grazing by

the control. In addition, the animals' total amount of domestic livestock, lumbering, suppression of fires,
biomass increased at the test area. However, the clearing and cultivation) have increased the amount
populations of the individual species captured from of brushlands."8 Off-road tracked vehicle training
the two sites were significantly different at the 0.05 activities disturb both mature woodlands and grass-
level only for the silky pocket mouse. And this lands, resulting in various mixed "brushlands" with
species, which is quite small(from 7 to 9 g), composed annual forbs as a predominant herb cover. These
less than 30 percent of the total biomass from the test disturbed environments are apparently suitable for
site. The mammal captures from the test and control several species of the genus Peromyscus, with the
sites were not significantly different; the small mam- annual forbs producing abundant seed crops supple-
mal species found in the juniper-oak woodlands of menting tree and brush mast, and the trees and brush
Fort Hood apparently are able to tolerate the effects meeting den-nest-cover needs. According to King,
of vehicle training activities, despite extensive alter- "Except for grassland areas, swamps, and deserts,
ation of habitat and significant loss of vegetative where other rodents may be dominant, species of
cover. The adaptability of these species relates both Perom.scus usually are the most common mammals
to their particular habits and to the pattern of present." 29

military land use.
In the undisturbed juniper-oak woodlands at Fort

On woodland training sites at Fort Hood, vehicle Hood, there were natural canopy openings and many
traffic produces wide corridors which are travelled understory trees; the herbaceous stratum was domi-
frequently, and vegetated "islands" through which nated by perennial grasses and sedges. On the test
vehicles seldom pass. While 60 to 70 percent of the site, there was a significant decrease in the aerial
ground surface on the test site was disturbed often, coverage of tree, woody understory, and herbaceous
the undamaged islands on the remaining 30 to 40 plants; a significant increase in the overall number of
percent were sufficiently large, and near enough to herbaceous plants; and a shift from grasses and
one another, to provide refugia for a number of small sedges to weedy annuals. This shift caused increased
mammals equal to or greater than the population on seed production, and may be a factor in the capacity
undisturbed areas. This pattern of training land use of the impacted woodlands to sustain small mammal
in the juniper-oak woodlands occurred widely at Fort populations.
Hood and had been established over many years of
intensive off-road traffic. When visited 18 months The two Peromyscus species, attwareri and pector-
after the study, this test site was in essentially the alis, were the only small mammals found in these
same condition, with only minor evidence of increased undisturbed woodlands. There was no evidence that
damage to the 30 to 40 percent vegetative cover. All training activities adversely affected these animals:
the small mammals, except Perognathusflavus, were they tolerate human disturbances, the pattern of
found on these vegetated islands. Further loss of vehicle activity results in undisturbed refuges, and
vegetation and habitat disruption may result in food supplies are readily available.
population declines.

From results of the 1978 Fort Knox study, it was 6 CONCLUSIONS
predicted that the impacts of extensive tracked
vehicle activity at Fort Hood would have a "positive
and moderate" effect on the den-nest-cover parameter 1. This report has described preliminary indications
and a "negative but minimal" effect on the food of ecological differences between selected Army
parameter for mammals of guild 12-the seed eater, tracked vehicle training areas and areas undisturbed
secretive, nest-dwelling guild to which species of the by training. This study indicated that there is about a
genus Peromyscus belong. Both the pattern of impact 40 percent loss in vegetation. In areas of shallow soils,
and the terrestrial environment at Fort Knox were once the vegetation is lost, erosion removes the
significantly different from Fort Hood. Yet at sites topsoil and soon ceases to be a major problem since
affected by training on both installations, there was bedrock is quickly reached. Bird populations also
an overall increase of mammals of the genus Peromy- suffered a 40 percent loss in biomass with an accom-
scus. (At Fort Knox, these mammals were from the
species Peromyscus leucopus.) In Biology of Peromy-
scus, King writes, "it is likely that such species as P. 2'John A. King. ed.. Biology ofPeromyscus(Rodenti). Special

Publication No. 2 (The American Society of Mammalogists.bo *vlei, P. calffornicus, P. leucopus, P. maniculatus, 1968), p 114.
P. melanophryis, and P. pectoralis have been consider- 2'King, p 114.
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panying change in diversity. Small mammal popula- Graber, R. R. and J. W. Graber, "Weight Characteris-
tions showed no change in biomass, but the number tics of Birds Killed in Nocturnal Migration,"
of rodents preferring an open desert habitat did Wilson Bulletin, Vol. 74, No. I (1962). pp 74-88.
increase.

Johnson, F. L. and D. T. Bell, "Size-Class Structure
2. The procedures used to obtain the field data of Three Streamside Forests," American Journal

and analyze this information proved efficient and Botany, Vol. 62 (1975), pp 81-83.
effective.
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