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Impact of Grazing on a Riparian Garter Snake1 

Robert C. Szaro, Scot t C. Bel f it, J . Kev in Ai t ki n , and J ohn N. Rinne2 

Abstract.--Numbe rs of wandering garter snakes 
(Thamnophis e l egans vagrans) were significantly higher whe r e 
cattle gr azing was excluded than along graz ed portions of 
Rio de las Vacas, a high elevation th i n-leaf alder - willow 
riparian community in northern New Mexico. Differences can 
be att ributed to the regeneration of streamside vegetation 
and the increased amount of organic debris. 

INTRODUCTION 

Riparian' habitats of the southwestern United 
States are wide l y recognized as being crit ical to 

communit i e s (Ohmart and Anderson 1982) . 
However , l ittle is known about the microhabita t 
requirements of many riparian species , 
particularly reptiles and amphi bians. Even less 

mown about how these animals are impacted by 
in t he s truct ure and composition of plant 
ies brought about by graz i ng and other 
modifications (Jone s 1981). Numerous 

studies on t he hab ita t requirement s (Fleha r ty 
1967, Scott e t a1. 1982, White and Kolb 1974) and 
diet (Arnold and Was sersug 1978, Campbel l 1969, 
Drummond 1983, Gregory et a1. 1980, Kephart and 
~old 1982) of the wandering garter snake 
(Tbamnophis elegans vagrans ) have been pub lished, 
but Fitch (1 940) , Drummond a nd Burghardt (1983) 
and others have demons trated l a rge varia tions in 
the ecological characteri s tic s between local 
populations of t his abundant and wide-ranging 
species (f i g . 1). The prima ry objective of this 
study, there f ore, was to document the effects of 
domestic livestock grazing upon a riparian 
population of wandering garter snakes by 
,comparing snake abundances and habitat parameters 
between a grazed s t ream sect ion and a nongrazed 
~c1osure. Food habits and habitat use patterns 
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wer e determined in order to help explain 
diffe rences in abundance between the two s ites. 

SITE DES CRIPTION 

The study area is along the R~o de las 
Vacas, a th i rd-order mont ane stream draining the 
San Pedro Parks Wi l derness Area , Santa Fe 
Na tional Forest, New Mexico. The area is about 
17 km southeast of Cuba in Sandoval County , at a 
longitude of 106 0 46 ' 30" and latitude of 35 0 55' 
57" nor t h (T20N R1E S1 2). The s ite is a t a n 
eleva tion of 2, 600 m. 

The su rrounding wa t e rshed i s pr imar ily mixed 
conifer on t he nor t h-facing slopes and ponderosa 
p ine (Pinus ponderosa)- interspersed wit h grassy 
meadows on the south-facing slopes. Under low 
flow condi tions, s tream width ranged f r om 2 . 8 to 
10.5 m and averaged 7.6 m (Rinne 1985). Str eam 
gradien t is low ranging f rom 0.5 to 2 .0% . 

Two cat tle exc10sures each about a kilometer 
long and 50 m wi de , s traddle the s t ream. ' 
Vegetation wit hin bo t h exclosures is util i zed by 
elk (Cervus ~anadensis) and beaver (Ca stor 
canadens is). The exclosures , es t ab lished i n 1972 
and 1975, are within t he Cuba Community Al l o tment 
of approxima tely 11, 600 ha. With in t he al lotment 
there are 610 ha of private land (5.3% ) , 680 ha 
of riparian grassy meadows and shrub land (5 . 8%), 
and 5,675 ha of no-al l owable-capacity l ands 
(48.9%). No-allowable-capac i t y lands fa ll into 
two broad categories 1) a r eas under natural 
conditions that are not capable of producing 
vegetation, i.e., barr en r ock outcr ops, t alus 
slopes, etc. and 2) a r eas where the so i l i s not 
capable of producing mor e vege t at ion t han is 
needed to prevent erosion. From 1949 to 1980 an 
average of 448 catt l e (2, 688 AUM) have been 
grazed on a continuous, s eason-long basis (June 1 
to October 31 ) . Since 1980, gr az ing has 
cont i nued on this basis but will be a ltered to a 
3-pasture r e s t-r otat i on system i n the near 
future. 
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The most appa rent difference between t he 
grazed and exclosed s tream s egments is the band 
of small riparian t r ees and shrubs along the 
exclosed reach of s t r eam (fig. 2) . More than 18% 
of the exclosed s t udy plots were covered by a 
mixture of thi n-leaf alder (Alnus tenuifolia) , 
i r rorata wil low (Salix irror~ s cou ler ' s 
willow (Salix scoUIer!ana) , coyote wi llow (Salix 
exigua), and cliff-ros e (Cowania mexicana ) .--rn
contrast , only 0 .1% of t he gr az ed s tudy plots 
were 'covered by thin- l eaf a l der and i r r orat a 
wil l ow (fig . 3). Herbaceous ground cover was 
s i gnificantly lower on t he grazed plots (71±4. 5% 
(S . E. )) t han on t he ungraz ed plots (88±2.4%) 
(p<0 .05 , t -test). Moreover , t here was 
significant ly mo re dead a nd doWT, debr is on t he 
ungrazed plot s (5 .3±2.25%) than on the grazed 
plots (0 . 4±0.31%) (p<0 . 05 , t-test ). The presence 
of organ i c debris on the exclosure i s dir ectly 
r elat ed to the presence of the riparian s hrubs, 
which sif t out the material as it move s 
downstream during floods. Repeated flood 
accumula t i ons have created debri s heaps up to 4 m 
in diameter and 2 m high . The soi l di r ectly 
bel ow the deb ris is high i n organic content and 
support s la r ge numbers of t err estrial anne l id 
worms. 

METHODS 

Wandering gart er snakes were sampled using a 
3- day r emoval method (Bury 1982) conducted from 8 
t o 10 July 1983 be t ween 0900 and 1300 hours. 
Eight plots , 10 by 25 m, were established i n the 
graz ed cont r ol and the area exclosed in 1972. 
Each plot wa s i n tensive l y searche d daily for a 
20-minute pe r i od f or 3 days (Bury 1982). We 
alternated both s t a rt i ng points and investigators 
between days i n order to r educe observer bias. 
Snake s t hat escaped were no t recorded as they 
could be capt ur ed during a l ater sampling period. 
All cap tur ed snakes were r e tained in a separat e 
bucket for ea ch plot until the end of the 
sampling period , and t hen r eleased on the plot 
whe r e t hey were captured . 

Figure 1. - - Wandering garter snake (Thamnophis 
elegans vag r ans). 

Figure 2. --Shrubby growth i n the exclosure along 
the Rio de l as Vacas. 

Act i ve and ina ct i ve snake s were observed 
du r ing the abundance sampling period and from 22 
t o 24 June and 18 to 19 Ju l y 1983. Fo r each 
snake, we recorded weigl,t (± 1 g) , stomach 
contents, the habit a t in which i t was firs t 
observed, and if fleeing, t he cover it chose. 
The t a xa i n s t omach conten t s were exami ned after 
stripp ing the snakes (Carpenter 1952 ). Habitat 
cat egories were divided in t o organic ( tree base , 
debris heap , l og or board, t ree , shrub) and 
inorgani c ( rock slope, bedrock or talus , water, 
rocks ) components. 

RESULTS 

Snake abundance and b iomass were 
significantly higher (p<0.05, t-test) in the 
plots exclosed from cat tle gr az ing (table 1). 
Even t hough the vegetat i ona l complexi t y of the 
exclosed area made it much more dif fi cul t t o 
sample , f ive t imes as many snake s were capt ured 
in the exclosed area as in the grazed area. 

Stomach analyses showed that earthworms 
(62%) were by far t he most fr equent ly consumed 
foo d item, followed by slugs ( 18% ) and fish (9%) 
(table 2). Al t hough it i s possib le t hat t he datI 
unde rest i mate the importance of f i sh on a 
vo l umet r i c basis, most earthworm observat i ons 
consisted of large boluses . It is clear t hat 
worms were t he pri mary f ood item. 

Even though 61% of t he snakes we re f i rst 
observed on t he open gras s y bank ( table 3) , most 
were usually l e ss t han 1 m f rom vegetat i ve or 
s t ructur a l cover . Snakes we re a lso f r equently 
observed on rocky s l opes and i n t r ee ba ses. 
Fleeing snakes were of t en observed heading towar 
t he more st r uct ural ly diverse s treamside habitat 
Over 70% of a l l snakes fled toward tree bases 
with or without debr i s or separate debris heaps 
(fig. 4 , tab le 3). 

360 


http:0.4�0.31
http:5.3�2.25


Table l.--Numbers and biomass of wandering garter snakes 
(Thamnophis elegans) captured on grazed and ungr azed 
exclosed plots 

Sampling aUngrazed b Grazed 
day Number Biomas s Number Biomass 

1 1.00±0. 46 S8. 13±27. 38 0.2S±0. 2S lS.0±lS.00 
2 0 .63±0.42 26.88±19.34 O.2S±0. 16 12.S± 8.18 
3 . 0. 87±0. 24 32 .00±11.63 0 0 

To t al 2.S0±0. 71 117.00±38.04 O.SO±0.27 27.S±lS.44 

a Mean number of snakes pe r 10 x 2S m study plo t ± 
standgrd error, N = 8. 

Mean grams of snakes per study plot ± s t andard e r ror. 

Evening searches of potential ove rnight meadows of Rio de l as Va ca s, none we r e seen in 
sites showed t hat snakes used rocks (48%) t he adjacent ponderosa pine or mixed conife r 

vegeta t i on (52%) about equally {table habitats, probably because they had a thermally 
.r.~ell~C of shed skins suggested t hat the i n t olerable mic r oclimate (Scott et al. 1982 ) or 

mammal burrows may a lso be used as cover provided insuff i c ient f ood. 
but these sites could not be searched 

Cattle grazing has significantly impactedtely. 
the riparian habita t along the Rio de l a s Vaca s 
(fig. S). There are only a few large, decadent , 

DISCUSSI ON thin-leaf alder t r ees on t he s tream banks and 
vir tually no ot her s hrubby vegetation or r iparian 

~~~~~elegans occupies a wide va riet y development along t he grazed port i ons of t he 
differen t par ts of its st r eam. A study of summer gr az ing of a high 

, and i s well known for its tendency elevation willow community in Jackson , County, 
ove r relatively large a r eas (Fitch 1940, Colorado, similarly showed a riparian stand in 

i ns 19S4, Wright and Wright 19S7). poor condit i on (Cannon and Knopf 1984) . Willow 
I during t he study pe r iod at our site, we shrubs were l arger , more decadent ' and mor e widely 

Jll'JiJllrel.v observed anysnakes more t han 2S m f r om spaced. The width of ripar ian veget a tion was 
's edge . White and Kolb ( 1974) also also signi f i cant l y reduced . 
species mostly limited t o stream 

in a study conducted near Sagehen Creek, The marked contrast in ve getation emphasizes 
Although sever al snakes were the i mportance of the exclosures to this 

al ong smal l tributar i es and marshy population of snakes. Degradation of t he 

figure 3.--Grazed s e ction of the Rio de l a s 
Vacas . Notice the lack of living shrubs and 

Figure 4.--Small debris heap a t t he base 
thin-leaf a lder (Alnus t enuifo l ia) . 

of a 

the unstable stream banks. 
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Table 2.--S tomach cont ents of wandering garter 
snake (Thamnophis elegans) along Rio de las 
Vacas , summer 1983 

Stomach Number of Percent 
contents s t omachs st~machs 

Empty 26 37 
Worms 28 39 

,Slugs 8 11 
Fish 4 6 
Mammal 3 4 
Insect larvae 2 3 

Total 71 100 

riparian ZOlle by ca ttle grazing would negatively 
influence snake populat i ons i n the a rea. Grazing 
ha s been shown to negativel y affect populations 
of other r epti les (Eerry 1978, Reynolds and Trost 
1980) . Bury and Busack (1974) ascribed declines 
in l izard b i oma ss t o grazing-caused vegetative 
deg r adation . Simi l arly, Jones (1 981) f ound that 
lizard popul a tions on heavily grazed mixed 
riparian s crub and cottonwood-wi llow vegetative 
communities we r e characteri zed by lower relative 
abundance and spec ies dive rsity than those of 
simil ar , lightly grazed sites . 

The ef fect s of gr az ing are twofold . Fi r s t , 
graz ing has a dir ect i mpact by a ffect i ng the 
structural character1stics of the habitat. Lack 
of availab le cover si tes f or use by fleeing 
s nakes increases t he potent ial for predation, 
whereas ungrazed sit~s, wi th abundant cover, 
provide exce llent es cape and t hermal cover. 
Mo reover, t he availabili ty of cov er sit e s fo r 
i nact ive .s nakes may also be a contributing 
fa ctor ; more ch an ha lf of the overnight cover 
sites were debris he ap s or down logs ( t able 4) . 
}funy of t he debris heaps i n the ungrazed section 
we re so large (diameter >2 m) t hey we re no t 
thoroughly sea rched , and the fac t ma ny snakes 
were still found in them suggest s even h igher 

Table 3. --Habitat' used by wandering garter snakes when firs t 
observed and when fleeing 

First ob served Fleeing snakes 
Habitat Numbe r Percent Numbe r Percent 

Grassy bank 45 61 14 
Rocky alope 10 14 
Rock slope with grass 4 5 
Tree base with deb ris 7 9 25 50 
Tree base wi t hout debris 4 5 4 8 
Debris heap 6 12 
Talus or bedrock 1 1 
Wate r ' s edge 2 3 
Stream 3 6 
Tree 2 4 
Shrub 2 4 
Log or board 2 

Total 74 100 50 100 

Figure S.-- Contras t at the fE:nce line betweE 
grazed (to the l eft ) and exclosed (to t 
right) str eam s ections along the Rio dE 
Va ca s. 

importance fo r them. Thermal cover is also 
necessary for wandering garter snakes to ma1 
optimum body t empe r ature (Scott et a1. 1982 ) 
Lari mer County , Colorado, Scott e t a1. (1982 
found that snakes were not see n in the open 
between 1100 and 1700 h during t he warmer ma 
The lack of thermal cover in the grazed area 
probably makes the area intolerable for most 
the day. 

Se cond . grazing i s known to reduce the 
abundance a nd biomass o f many inverteb ra t es 
(Hutchinson a nd King 1980 ). the snakes' prin 
f ood sources . Bo th earthwo rms and slugs weI 
observed only in or ganic debr i s heaps durin~ 
snake s' act ivity periods (0800 - 1600 h on e 
warm days ). Because Thamnophis elegans is 
neither fo ssor i a l uor a ctive duri ng rain ste 
it is un l ikely t hat it would encounter food 
i n situations other t han wi thin deb r is heap! 
under some other cover. Since organic covel· 
drast i ca l l y r educed in the grazed a r ea, 
d if f erence i n food availab ility is very likE 
cont r ibuting factor to the observed dHfere! 
in snake numbers. 

Table 4. - - Wandering gar ter snake overnight 
sites along the Rio de l a s Vacas, summl 

=-"': . 

Cove r Number of 
snakes 

Smal l rocks (~.3 m) 5 
Larg e r ocks ( >.3 m) 6 
Debris heap 5 
Down l ogs 7 

Total 23 
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iug and early sumwer , i t is highly 
In S~~al: t he snakes are ab le to maintain 

Is by increasing their us e of the 
fish resources (Ri~ne 1985) . Relatively 

temperature (8-1 2 C) a nd the fact tha t 
probably harder t o catch than worms 

to discourage a qua tic f eeding. 
see:nakes en ter the water and we r e observed 

, for f ish once water t emperatures reached 
ISo C in t he l ate summer . 

r iparian vegetation andIn co ncl usion , 
organic drift , r e sult ing from the 

of t he fenced exclosures , ha s 
increased local populations of Thamnophis 

The r elatively high canopy cover and 
ed organics provide a favorable 

fo r preferred f ood i tems, an 
amount of foraging subs t r a t e, cover f or 
avoidance and a favorab le t hermal 

is needed \:0 

cat tle grazing 
system. Seasona l and year ly 

i n microhabitat and food use as well 
and movement patterns need to be 

to fu l ly understand the import ance of 
on high elevation snake 

pen 	 LITERATURE CITED 

areas _,,;, . ...'KV.~V ' Stevan J., and Richard J. Hasser sug. 
most of 	 1978. Dif f erential predat i on on metamorphic 

anurans by ga rter snakes (Thamnophis) : 
social behavior as a possible defense. 

the Ecology 59(5) :1014-1022. 
tea Berry, Kristin H. 1978. Li vest ock grazing and 
primary the desert to r to ise . Transa ctions of North 

were American Wildlife and Na tural Resources 
ring the Confer ence 43:505-519. 
on clear Bury , R. Bruce. 1982. St ructure and composit ion 
is of Mohave Desert reptile communitie s 

determined with a removal method . In 
llerpetological Communities . USDI Fish and 

.eaps or Wildlife Service Wildlife Research Report 
over is 13:135-142 . 

Bury , R. Bruce, and Stephen D. Busack. 1974. 
Some effects of off-road vehi cles a nd sheep 

erences grazing on lizard populations in t he Mohave 
Deser t . Biol og ical Conservation 6: 179-183 . 

Call1pbell, R. Wayne . 1969 . Notes on some foods 
of the wandering garter snake on Mitlenatch 
Island, British Co l umbia. Syeais 1:183-187. 

Cannon, Richard W., and Fritz L. Knopf. 1984 . 
Species composition ofa wi llow communi ty 
relat i ve t o seasonal grazing histories in 
COlorado . Sout hwestern Na t uralist 

Ca 29 (2 ) : 234-237 . 
rpenter, C. C. 1952 . Comparat ive ecology of 

the common garter snake (Thamnophis ~. 
sirtalis), t he r ibbon snake (Thamnophi s s. 
~uritus) and Butler's garter snake 
(lEamnophi s bu tleri ) . Ecolog i cal Monographs 

Dr 22(4) : 235-258.II)) 
~nd , Hugh. 1983. Aqua tic f oraging in 

garter snakes: A comparison of spe cia list s 
and generalists . Behavior 86:1 -30. 

Drummond , Hugh, and Go rdan M. Burghardt. 1983 . 
Geographic variat ion in the f or agi.ng 
behavior of the gart ~r snake , Thamnophis 
elegans . Behavioral Ecology and 
Sociobiology 12: 43 -48. 

Fitch , H. S. 1940 . A biogeographical study of 
the ordinoides or tenkreis of garter snakes 
(genus Thamnophis). University of 
California Publica tions i n Zoology 44 :1-150. 

Fitch , Henry S. 1983. Thamnophis elegans. 
Catalogue of American Amphibians and 
Reptiles 320: 1-4. 

Fleharty, Eugene D. 1967. Comparat ive ecology 

of Thamnophis elegans, .!. cyrtopsis, and T. 

rufipunctatus in New Mexico. Southw~stern 

Naturalis t 12(3):207-230. 


Gregory , Patrick T., J . Halcolm McCartney, and 
Dona ld H. Rivard. 1980. Small mammal 
preda t i on and prey handling behavior by the 
garter snake Thamnophis elegans. 
Herpetological 36(1) :87-93. 

Hutchi nson, K. J., and Kathleen L. Killg. 1980. 
The effe cts of s heep stocking level on 
i nve r tebrate abundance, biomass and ene rgy 
utilization in a t emperate, south grassland. 
Journal of App Ued Ecology 17: 369-387. 

Jones , K. Bruce. 198 1. Ef fects of grazing on 

lizard abundance and divers i ty i n western 

Ar izona . Southwestern Naturalist 

26(2): 107-115. 


Kephart, Donald G. and Stevan J. Arnold. 1982 . 
Garter snake die ts i n a fluctuating 
envi ronment: A seven year study. Ecology 
63(5):1232-1236. 

Oh~2rt, Robert D., and Be rtin W. Anderson. 1982. 

Nor th An.erican desert ripari an ecosys tems. 

p . 433-479. In Reference Handbook on the 
Deserts of North America edi ted by Gordon L. 
Bender. Gr eenwood Press, West port , Conn. 

Reynolds, Timothy D., and Char l e s H. Trest. 

1980. The r esponse of native ver t ebrate 

populat i ons t o crested wheatgra ss plant ing 

and grazing by she~p . Journal of Range 

lI.anagement 33(2):122-125. 


Rinne, J. N. 1985. Prob l ems of study ing grazing 
effects on southwesterr. st reams. In Riparian 
Ecosystems and Thei r I-fanagement: 
RecoIiciling Conflicting Uses. [Tucson ,. 
Ariz., April 16-18, 1985) USDA Fores t 
Service General Te chnical Report. Rocky 
Mountain Fo rest and Range Experi ment 
Station , Fort Col l ins, Colo. (This 
proceedings ) • 

Scott, John R., C. Richar d Tracy, and David 

Pe tt us. 1982 . A biophys i cal analysis of 

da ily a nd sea s ona l utilization of climate 

space by a montane snake . Ecology 

63 (2):48 2-494. 


Stebbins , Robert C. 1954 . Amphib ians and 

reptile s of western Nort h ~~erica. 


IfcGraw-Hill, New York. 528 p. 

\1hi te , Marshall, and Jame s B. Ko l b . 1974 . A 

preliminary study of Thamnophi s near Sagehen 
Cr eek, Calif . Copeia 1974( 1):1 26-136. 

Wright, Albert H., and Anna A. Hright. 1957 . 

Handbook of snakeb of t he United States and 

Canada. Comstock Pub l ication Associa tion, 

I t haca, New York . 2 vols. 1105 p. 


http:foragi.ng

