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Abstract

We examined how native herpetofauna of the Cross Timbers in
Oklahoma, USA, were influenced by vegetation types derived
from combinations of herbicide applications and prescribed burn-
ing. Brush management treatments consisted of tebuthiuron (N-
[ 5 - ( 1 , 1 - d i m e t h y l e t h y l ) - 1 , 3 , 4 - t h i a z o l - 2 - y - 1 ] - N , N ’ - d i m e t h y l u r e a ) -
only, tebuthiuron + fire, and untreated pastures of mature hard-
wood forest (no herbicide or fire). A total of 292 individuals rep-
resenting 30 species was captured in 1994 and 1995 using time-
constrained searching and drift-fence arrays on 3 replicates of the
3 treatments. Relative total abundance and species richness of
herpetofauna were similar on all 3 treatment types. However, dif-
ferences were apparent by taxonomic group. In general, amphib-
ians were most abundant in untreated and tebuthiuron-only pas-
tures, lizards were most abundant on the untreated pastures, and
snakes were most abundant on pastures treated with tebuthiuron
+ fire. Maintenance of a mosaic of habitats in the Cross Timbers
may enhance diversity of the native herpetofauna. 

Key Words: reptiles, amphibians, brush management, tebuthi-
uron, prescribed burning, Cross Timbers, Oklahoma.

The Cross Timbers is a western extension of the oak-hickory
ecoregion and contains about 19 million ha of upland hardwood
forest and tallgrass prairie in the central United States (Garrison
et al. 1977, Soil Conserv. Serv. 1981). Livestock production in
these oak-dominated rangelands is relatively limited because of
low production of herbaceous forage (Scifres 1980). Brush man-
agement can increase production of herbaceous forage by selec-
tively removing woody overstory species; this benefits livestock
production (Scifres and Mutz 1978, Stritzke 1980, McCollum et
al. 1987) and economic returns (Bernardo and Engle 1990,
Bernardo et al. 1992).

There are no published studies that directly address effects of
brush management on native herpetofauna, but a few studies
from the western United States have revealed that abundances of
lizards and snakes were reduced in areas that were either grazed
by livestock or modified by humans (Busack and Bury 1974,
Berry 1978, Jones 1981, 1988, Szaro et al. 1985, Bock et al.
1990). Our research in the Cross Timbers of central Oklahoma

showed that modification of this habitat with herbicides and fire
can have both deleterious and favorable effects on native biota.
Generally, eastern cottontail rabbits (Sylvilagus floridanus—
Lochmiller et al. 1991, 1995), cotton rats (Sigmodon hispidus tex -
ianus—McMurry et al. 1994), and white-tailed deer (Odocoileus
v i r g i n i a n u s—Soper et al. 1993a, 1993b, Leslie et al. 1996)
responded positively to annual burning as part of the brush man-
agement prescription. Conversely, occurrence and numbers of
some avian species [e.g., Louisiana waterthrush (Seiurus motacil -
la), tufted titmouse (Parus bicolor)] were impacted negatively by
habitat alterations associated with brush control (Schultz et al.
1992a, 1992b).

Landowners likely will continue to convert the Cross Timbers
into grasslands (Boren et al. 1996), so it is important to under-
stand effects of such conversion on wildlife populations. Our
objective was to determine effects of derived habitat types result-
ing from brush management with herbicide and fire on popula-
tions of reptiles and amphibians in the Cross Timbers.

Study Area and Methods

We conducted our study on the Cross Timbers Experimental
Range (CTER), located about 12 km southwest of Stillwater,
Okla. (36°02'40" to 36°04'20"N, 97°09'30" to 97°11'39"W). The
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Resumen

Examinamos como la herpetofauna nativa de los Cross
Timbers de Okla., USA, fue influenciada por los tipos de veg-
etación derivados de combinaciones de tratamientos de herbicida
y quemas prescritas. Los tratamientos de manejo de mata fueron
tebuthiuron (N-[5-(1,1-dimethylethyl)-1, 3, 4-thiazol-2-y-1]-N,
N'-dimethylurea)-sólo, tebuthiuron + quema, y pastizales no
tratados de bosque caducifolio maduro (no herbicida ni quema).
Un total de 292 individuos representantes de 30 especies fueron
capturados en 1994 y 1995 por medio de búsquedas de tiempo-
restringido y matrices de cercas de desvío en tres réplicas de los
tres tratamientos. La abundancia relativa total y la riqueza de
las especies de la herpetofauna fueron parecidas en los tres tipos
de tratamiento. Sin embargo, se vieron diferencias por grupo
taxonómico. Por lo general, los anfibios fueron más abundantes
en los pastizales no tratados y los de tebuthiuron-sólo, las lagarti-
jas fueron más abundantes en los pastizales no tratados, y las
culebras fueron más abundantes en los pastizales tratados de
tebuthiuron + quema. El mantenimiento de un mosaico de hábi-
tat en los Cross Timbers puede fomentar la diversidad de la her-
petofauna nativa.
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CTER is a 648-ha research facility that
lies near the western edge of the Cross
Timbers ecoregion (Kuchler 1964). Upland
forest of the CTER is dominated by post
oak (Quercus stellata Wangenh.) and
blackjack oak (Q. marilandica M u e n c h h . )
in the overstory, interspersed with a mosa-
ic of tallgrass prairie (Ewing et al. 1984).
The understory is predominantly eastern
redcedar (Juniperus virginiana L . ) ,
American elm (Ulmus americana L.), red-
bud (Cercis canadensis L.), poison ivy
(Rhus radicans L.), and rough-leaf dog-
wood (Cornus drummondii Meyer). The
predominant herbaceous ground cover is
little bluestem [Andropogon scoparius
(Michx.) Nash], but rosette panicgrass
(Panicum oligosanthes Schultes), indian-
grass [Sorghastrum nutans (L.) Nash], and
western ragweed (Ambrosia psilostachya
D.C.) occur in varying amounts throughout
the CTER. Bottomland forest is restricted
to intermittent stream drainages that tran-
sect the study area (Ewing et al. 1984).

The CTER was established in 1983 to
evaluate responses of livestock and vege-
tation to various brush management tech-
niques. It was divided into 20, 32.4-ha
(0.41 x 0.79 km) fenced experimental pas-
tures that represented 4 replicates of 5
treatments comprising 2 herbicides and
prescribed burning. Herbicide + fire treat-
ments were burned annually for 3 years
starting in 1985 and then on a 3-year rota-
tion starting in 1990. Both herbicides were
effective, although pastures treated with
tebuthiuron (N-[5-(1,1-dimethylethyl)-
1 , 3 , 4 - t h i a d i a z o l - 2 - y l ] - N , N ’ - d i m e t h y l u r e a )
resulted in the greatest tree kill of 52–99%
(Stritzke et al. 1987) and increased herba-
ceous production (Engle et al. 1991,
Stritzke et al. 1991). Untreated habitats
had a dense woody canopy, little herba-
ceous cover, and moderate amounts of
woody understory (Engle et al. 1991,
Stritzke et al. 1991). Treatments with fire
had reduced cover of eastern redcedar
(Stritzke et al. 1991), although other
woody species were not greatly reduced
by fire alone. 

All experimental pastures were grazed
by beef cows in 1984 and by yearling beef
catt le in summer in 1985 and after .
Stocking was adjusted annually on indi-
vidual pastures on the basis of the residue
of previous year’s end-of-season herbage
and expected forage production during the
following year with the goal of 50% uti-
lization of annual forage production
(Stritzke et al. 1991).

In 1994 and 1995, we evaluated her-
petofaunal communities on 3 of the 5
experimental treatments: (1) soil-applied

tebuthiuron herbicide applied
at 2 kg a.i. ha-1 in March 1983;
(2) tebuthiuron + fire in
spring; and (3) untreated (no
herbicide or burning). We
chose those treatments because
they represented the maximal
range of habitats available on
the CTER relative to overstory
cover and composition of the
vegetation (Ewing et al. 1984).
Untreated pastures were
mature upland oak forest (Fig.
1a); tebuthiuron + fire treat-
ments were open, park-like
prairie with a scattering of
eastern redcedar (Fig. 1b); and
the tebuthiuron-only treat-
ments were a mixed-brush
type dominated by eastern red-
cedar (Engle et al. 1991,
Stritzke et al. 1991; Fig. 1c)—
a derived habitat  that  was
structurally and compositional-
ly similar to dense stands of
eastern redcedar that now
occur on former prairies and
hardwood forests through the
south-central Great Plains due
to fire supression. Production
of grasses and forbs in 1994
and 1995 averaged 20 kg/ha in
the untreated pastures, 680
kg/ha in the tebuthiuron-treat-
ed pastures, and 1,250 kg/ha in
the tebuthiuron + fire pastures
(Engle, unpublished data).
Canopy cover of woody plants
in the upland forests was great-
est in the untreated pastures
and least in the tebuthiruon +
fire pastures (Stritzke et al.
1991; Fig. 1). Woody vege-
tation in the treated pastures
was less spatially homoge-
nous than in the untreated
pastures and understory production and
composition reflected that variability (Fig.
1). Three of the 4 replicates of each of the
3 selected treatments (9 pastures) were
chosen at random prior to sampling for
reptiles and amphibians. Sampling was
conducted only on those areas of experi-
mental pastures that were upland forest
prior to herbicide application.

Herpetofauna were sampled monthly
from mid-May through early October,
1994, and late-March through early
October, 1995. Two capture techniques
were used to assess abundances of reptiles
and amphibians. During the sampling peri-
od in 1994, we performed time-con-
strained, search-and-seizure techniques

(Scott 1994). For sampling in 1995, we
used both time-constrained searches and
drift-fence arrays with funnel traps. Use of
drift-fence arrays is a standard effective
method of sampling reptiles and amphib-
ians (Scott 1994). Use of standardized
drift fences, in combination with search-
and-seizure techniques, to assess relative
abundance and species richness of reptiles
and amphibians facilitates comparisons of
experimental units (Enge and Marion
1986, Jones 1986, Bury and Corn 1987).
Time-constrained searching allowed
counting of species not readily caught in
drift-fence arrays or funnel traps (Bury
and Corn 1987, Scott 1994).

One drift-fence array was installed on
each of the 9 pastures. Each array consist-

Fig. 1. Habitats in which herpetofauna were studied at the
Cross Timbers Experimental Range resulting from the
following treatments: a) untreated (no herbicide or fire),
b) tebuthiuron + fire, and c) tebuthiuron only.

A

C

B
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ed of 3, 15.2-m x 30.5-cm lengths of gal-
vanized metal flashing emanating from a
central point and radiating out at 120º
angles. One edge of the flashing was
buried about 6 cm below the ground sur-
face, and the fence was stabilized on both
sides with 2.5- x 60-cm wooden stakes
placed near the ends and at 5-m intervals.
We buried a 19.0-l plastic drop can flush
with the soil surface at the center of the
array and at the end of each arm
(Campbell and Christman 1982, Vogt and
Hine 1982, Corn 1994). When drift fences
were not in use, we placed lids on drop
cans to prevent entry of animals. To
reduce mortality during trapping sessions,
lids were propped 10–12 cm above the
drop can to provide shade and ventilation.
To avoid confounding treatment effects,
drift-fences were placed ≥ 100 m from
treatment boundaries and ≥ 200 m from
permanent water sources. We also placed
one double-ended funnel trap constructed
of aluminum window screening on each
side of each array arm (n = 6 funnel traps
per array). Funnel traps were 66 cm long
and 16 cm in diameter with an inside fun-
nel opening of 7 cm in diameter and were
primarily intended for the capture of
snakes. Thin rubberized floor mats were
cut 30 cm x 45 cm and were placed over
the center of these traps to provide cap-
tured animals shelter from the weather.
Traps were unbaited, which is standard for
herpetofaunal studies.

Monthly drift-fence sampling periods in
1995 lasted 10 days. We checked arrays
every second or third day during cool
weather (daily high temperature <25°C)
and every other day during hot weather
(daily high temperature >25°C). Captured
animals were identified to species, perma-
nently marked by toe or scale clipping,
and released at the point of capture.
Recaptures were rare and were not includ-
ed in data tabulations. Time-constrained
searching was conducted in 1994 and
1995; each replicate received about 3.5
person-hours of active searching in 1994
and 2.5 person-hours in 1995. Random
encounters and opportunistic observations
of reptiles and amphibians also were
recorded during monitoring periods if they
occurred ≥ 100 m from pasture boundaries
and ≥ 200 m from permanent water. 

Herpetofaunal taxonomic groups were
not lumped together because of their dif-
ferential responses to habitat structure
based on their physiological and behav-
ioral capabilities (Jones 1986). Because
our data were not normally distributed and
sample sizes of some species were small,
we used chi-square analyses (SAS 1985)

to assess frequencies of captures among
treatments by taxonomic group (amphib-
ian and reptile; the latter subdivided into
turtle, lizard, and snake) and pooled data
across the 3 pasture replicates in each
treatment to maximize sample size. We
used Kruskal-Wallis tests to evaluate treat-
ment effects on individual species
(Anderson et al. 1991). Significance was
set at P ≤ 0.10.

Results and Discussion

We captured 292 animals representing
30 species during 2 years of study (Table
1). Thirty-six individuals of 16 species
were documented during 32 hours of time-
constrained searching in 1994 (1.1 cap-
tures per person-hour). Time-constrained
searching during the 1995 season yielded
48 captures of 14 species during 21.5
hours of active searching (2.2 captures per
person-hour). The 9 drift-fence arrays and
associated funnel traps produced 199 cap-
tures during 60 nights of effort (540 array-
nights) between late March and early
October, 1995 (0.4 captures per array-
night). Nine additional individuals were
recorded as chance encounters in 1995. 

Herpetofaunal abundance (summed over
all 3 replicates) was greatest in untreated
pastures (n = 110), less in tebuthiuron +
fire pastures (95), and least in tebuthiuron-
only pastures (87) (Table 1). Species rich-
ness (summed over all 3 replicates) was
similar among pastures: tebuthiuron + fire
(22), tebuthiuron-only pastures (21), and
untreated pastures (20). Of 30 species, 3
each were unique to untreated pastures
and pastures treated with tebuthiuron +
fire, and 2 species were found exclusively
on tebuthiuron-only pastures (Table 1).
Considering individual species, only num-
bers of the 5-lined skink (Eumeces fascia -
tus) varied among treatments, being more
common on untreated pastures (Kruskal-
Wallis W = 5.45, 2 df, P = 0.07). 

Numbers of captures of reptiles and
amphibians differed among treatments
(Table 1). Both taxonomic groups were
about equally common on untreated pas-
tures, but amphibians were least common
on pastures with tebuthiuron + fire, and
reptiles were least common on tebuthi-
uron-only pastures. Reptile taxa (snakes,
turtles, and lizards) also differed signifi-
cantly among treatments (Table 1).
Lizards were more abundant on untreated
pastures and were less abundant on
tebuthiuron-only plots. Snakes were most
abundant in pastures treated with tebuthi-
uron + fire. Turtles were captured too

infrequently for definitive conclusions
about their habitat associations. 

Amphibians were most abundant on
untreated and tebuthiuron-only  pastures.
They were less common on the most open
park-like pastures created with tebuthiuron
+ fire. Those open pastures were exposed
to more insolation and were likely drier,
which are conditions generally unfavor-
able for amphibians. Reptiles, like
amphibians, were common on untreated
pastures but were more abundant on
tebuthiuron + fire pastures than on the
dense mixed-brush pastures created by
tebuthiuron-only. For the most part, rep-
tiles tolerate drier conditions and bask
more than amphibians. Nevertheless, rep-
tile taxa were not uniform in their habitat
affiliations. Lizards were least common on
the brushiest pastures and were most com-
mon on untreated pastures. Skinks, a sub-
group of lizards, were most common in
untreated pastures, followed by tebuthi-
uron + fire, and then tebuthiuron-only (X2

= 24.00, 2 df, P < 0.01). Snakes were most
common in open park-like pastures and
least so in untreated pastures. Prairie
snakes such as the eastern yellowbelly
racer (Coluber constrictor) were found
exclusively on tebuthiuron + fire treat-
ments. Rough earth snakes ( V i r g i n i a
striatula) also were most abundant on the
prairie-like pastures that were treated with
either tebuthiuron or tebuthiuron + fire.

Our results indicate that modification of
the Cross Timbers with tebuthiuron-only
has a negative effect on reptiles in general
and lizards in particular. The tebuthiuron-
only treatment created the least heteroge-
neous habitats on the CTER and, 10 years
post-treatment, was virtually an homoge-
nous forest of eastern redcedar (J. F.
Stritzke, pers. comm.), with little structur-
al diversity. Changes in structural hetero-
geneity due to heavy grazing can reduce
abundance and diversity of lizards (Jones
1981). Nevertheless, 2 species of snakes
[speckled kingsnake (L a m p r o p e l t i s
getulus) and flathead snake (Tantilla gra -
cilis)] occurred exclusively on the tebuthi-
uron-only treatment, although both were
represented by a single capture.

We could not analyze the effect of cattle
grazing because all the experimental plots
were grazed at similar intensity. Other
research similar to ours focused on the
direct effect of livestock grazing, which in
most cases was negative for reptiles and
amphibians (Reynolds 1979, Ballinger and
Jones 1985, Bock et al. 1990, Fleischner
1994). 
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Management Implications

Herbicides and prescribed fire are com-
mon range management tools, and we
expect to see more rangeland of the Cross
Timbers modified in this manner in the
future (Boren et al. 1996). Our results sug-
gest that the Cross Timbers can be man-

aged for both cattle and wildlife by pro-
viding a mosaic of habitat types (Leslie et
al. 1996) with applications of herbicide
and prescribed fire in a spatially diverse
pattern leaving some areas with unmodi-
fied mature upland forest. Application of
tebuthiuron followed by prescribed burn-
ing is the most profitable practice for man-
aging hardwood forests of the Cross

Timbers for cattle grazing (Bernardo and
Engle 1990, Bernardo et al. 1992).
Applying herbicide and burning treat-
ments in a mosaic can increase carrying
capacity of livestock and white-tailed deer
and the profitability of livestock and lease
hunting under multiple-use objectives in
the Cross Timbers (Bernardo et al. 1992).
The application scale for herbicide and

Table 1. Numbers of captures of amphibians and reptiles on untreated and experimental pastures treated with tebuthiuron-only and tebuthiuron +
fire at the Cross Timbers Experimental Range, Oklahoma, 1994–1995.

                                      Treatments                                    
Tebuthiuron- Tebuthiuron

Category Common name Scientific name only + fire Control  

Frogs/toads American toad Bufo americanus 6 6 19
Cricket frog Acris crepitans 5 2 7 
Spotted chorus frog Pseudacris clarkii 0 1 1
Strecker’s chorus frog Pseudacris streckeri 1 0 1
Great Plains
narrowmouth toad Gastrophryne olivacea 7 9 6
Bullfrog Rana catesbeiana 2 4 1      
Southern leopard frog Rana utricularia 30 16 21      

Salamanders Smallmouth salamander Ambystoma texanum 0 3 0      
Total number of 
amphibians (%)1 51 (35.2) 38 (26.2) 56 (38.6)  
Turtles Red-eared slider Trachemys scripta 0 0 1

Eastern box turtle Terrapene carolina 3 1 3
Ornate box turtle Terrapene ornata 1 1 0

Total number of
turtles (%)2 4 (40.0) 2 (20.0) 4 (40.0)
Lizards Slender glass lizard Ophisaurus attenuatus 1 1 0

Northern prairie lizard Sceloporus undulatus 3 7 3
Five-lined skink Eumeces fasciatus 2 7 26
Great Plains skink Eumeces obsoletus 0 0 1
Ground skink Scincella lateralis 7 8 12
Six-lined racerunner Cnemidophorus sexlineatus 5 6 0

Total number of
lizards (%)2 18 (20.2) 29 (32.6) 42 (47.2)
Snakes Eastern yellowbelly racer Coluber constrictor 0 4 0

Ringneck snake Diadophis punctatus 0 2 1
Eastern hognose snake Heterodon platyrhinos 1 0 1
Speckled kingsnake Lampropeltis getula 1 0 0
Coachwhip Masticophis flagellum 2 2 1
Rough green snake Opheodrys aestivus 0 1 1
Brown snake Storeria dekayi 1 1 0      
Flathead snake Tantilla gracilis 1 0 0      
Western ribbon snake Thamnophis proximus 1 3 0
Rough earth snake Virginia striatula 6 12 2
Smooth earth snake Virginia valeriae 0 1 0
Copperhead Agkistrodon contortrix 0 0 1
Timber rattlesnake Crotalus horridus 1 0 1

Total number of
snakes (%)2 14 (29.2) 26 (54.2) 8 (16.7)
Total number of
reptiles (%)1 36 (24.5) 57 (38.8) 54 (36.7)
Total number 
of captures 87 95 110      
Total number 
of species 21 22 20
1 2 x 3 chi-square comparison of amphibians and reptiles among treatments = 6.409, 2 df, P < 0.05.
2 3 x 3 chi-square comparison of turtles, lizards, and snakes among treatments = 14.730, 4 df, P < 0.01.



158 JOURNAL OF RANGE MANAGEMENT 53(2), March 2000

burning treatments to optimize habitat for
livestock and game species likely would
be larger than the scale required for her-
petofauna. Spot treatments, generally con-
sidered by rangeland managers as ill-
advised because they lead to overuse by
grazing animals, perhaps could be used to
enhance herpetofauna habitat under care-
fully controlled livestock grazing.

No single habitat, derived or not, is uni-
versally beneficial to herpetofauna or
other wildlife. Herbicide application with-
out fire does not benefit most reptiles,
whereas herbicide with fire appears to
negatively affect most amphibians.
Complete removal of mature oak forest
would alter species composition of
amphibians and reptiles, and it might
cause disappearance of some woodland
species [e.g., skinks, (E u m e c e s spp.) and
the copperhead (Agkistrodon contortrix) ] .
On a broader scale, native prairies in the
south-central Great Plains that are now
dominated by eastern redcedar due to
decades of fire suppression likely have a
less rich herpetofauna compared with
more structurally diverse habitats, but
even those areas appear to provide impor-
tant habitat for some species.
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