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The hardwood rangelandsof Califor-
niaarecoming under increasing
land-use pressures. Cattle grazing,
fuelwood removal, hydro-electric
projects, urban sprawl, and countless
other factorsareimpacting these
woodlands at locd, regional, and
geographical levels(see papers
within Plumb and Pillsbury 1987).
Unfortunately, littleisknown of the
distributions and ecologiesdf many
d the vertebrates occurring in these
areas Werner 1987). Asaconse-
guence, resource managersfre-
quently havetoo littleinformation
upon which to baseland-usedeci-
sions. Thus, a researchagendaisre-
quired first toobtain baseline infor-
mation on distributionsand habitat
associations of theseanimals, and
then to use these data to predict the
presenceor absenced these species,
and ultimately to predict the effects
o habitat changeon their popula-
tions. Research should encompassa
hierarchy of spatial scalesto account
for variationsin patternsof habitat
use, and also todetermineif aspe-
cies habitat exhibitsconsistent and
measurable features (Allenand Starr
1982, Block, in press). Study must
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Abstract. \WWe monitored pitfall traps for >50,000
trap nights among three study areas in California’s
oak woodlands. Numbers of captures and trap
success varied spatially in comparisons of grids
within and among stand types, as well as among
study areas. Capture numbers also varied
temporally, both within and betweenthe years of

study. Dierences in capture rates varied among
taxa (amphibians, reptiles, and small mammals) and
also varied among species within a taxon.
Researchers should design studies to sample
temporal and spatial variationsin activity patterns to

also bedoneyear-round to sample
habitat-use by speciesduring differ-
ent stagesd their lifehistories, and it
also should bedoneover a number
d yearstoinclude annual variations
inenvironmental conditions(Halvor-
son 1984, Morrison, thisvolume).

Aspart of an ongoing study tode-
termine habitat relationshipsd ver-
tebratesin California's oak wood-
lands, we have been using pitfall
trapsto sample populations of small
mammals, reptiles, and amphibians
at three distinct areas. To date we
have collected data from greater than
50,000 trap nightsdistributed among
20 trapping grids. Thisgenera de-
sign hasallowed us toexaminespa-
tid patternsdof habitat-useboth
within and among areas. Further,
more intensive study hasbeen done
at onearea to examine temporal pat-
ternsin habitat use both withinand
between years. In this paper we pres-
ent thesedata to examinespatia and
temporal patterns o habitat useand
discussour resultsin relation to the
general design o studiesd small
mammal, reptile, and amphibian
populations.

STUDY AREAS

Thestudy wasdoneat threeareas,
al oak or pine-oak woodlands. Study
areasweredistributed along a latitu-
dinal gradient of about 600 km, and
consequently there were notabledif-
ferencesin topography and in com-
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provide a more complete understanding of the
habitat associations of the species studied.

position and structured the vegeta:
tion among thestudy aress.
SierraFoothill Range Field Station
(SFRFS), Yuba County, waslocated
in thefoothillsof theSierraNevada
about 25 km NE of Marysville. Eleva
tion ranged from 200to 700 mon a
general west-northwestfacing dope.
Blue oak (Quercus douglasii), interior
liveoak (Q. wislizenii), and digger
pine (Pinus sabiniana) were the major
speciesd treeswith lesser amounts
o Californiablack oak (Q. kelloggii),
Cadliforniabuckeye (Aesculus cdifomi-
cus), and ponderosa pine (Pinus pon-
derosa). Mgor componentsdf the
shrub layer included buckbrush
(Ceanothus cuneatus), coffeeberry
(Rhamnus californica), and poison oak
(Toxicodendron diversiloba). Annual
and perennial grassesand forbs
dominated cover within ameter o
theground, although therewere spa-
tia and temporal variationsin spe-
ciescompositionsand alsoin amount
d ground cover. Further, the compo-
sitionand structure of thecanopy,
shrub, and ground layershaveall
been modified by historicland-use
practicesat the Station. Except for 60
had fenced areas, the remaining
1800 ha are used for varied research
projects usually entailing cattlegraz-
ing and often entailing tree removal.
San Joaquin Experimental Range
(SJER), Madera County, waslocated
in thefoothillsdf theSierraNevada
about 40 km N o Fresno. Elevation
ranged from 200 to 500 m; the aspect
wasin ageneral southwest direction.



Blueoak, interior liveoak, and dig-
ger pine were themajor tree species.
Thesespeciesoccurred in mixed-spe-
cies stands, standsdf blueoak wood-
|and, or asblueoak savannas. An-
nual and perennial forbsand annual
grassesdominated theground layer.
About 20 ha of SIER have been
fenced toexcludecattlegrazing.
Cattlegrazing on the remaining 1500
ha hasresulted in a sparser shrub
understory at SERthan o that
found at SFRFS (Duncanet al. 1987).
Mgjor shrubsincludebuckbrush,
whitethorn ceanothus(Ceanothus leu-
codermis), redberry (Rhamnus crocea),
coffeberry, poison oak, and white
lupine (Lupinus alba). Theshrub un-
derstory isrestricted mostly to
widely scattered standsdf mature
shrubs which havegrown above the
deer-cattle browseline.

Tepn Ranch (TR), Kern County,
waslocated about 50 km south o
Bakersfieldin the Tehachapi Moun-
tains. Elevation ranged from 1100 to
1700 m; aspectsincluded all cardinal
directions. Mgor treesfound on TR
included blueoak, valey oak (Quer-
cuslobata), Californiablack oak, inte-
rior liveoak, canyon liveoak (Q.
chrysolepis), Brewer's oak (Q. garryana
var. breweri), and California buckeye.
At lower elevations, these treesgen-
erally occurred in purestandsd
singlespecies, with mixed-standsof
Cdliforniablack, canyonlive, interior
live, and Brewer's oaksoccumng at
higher elevations. Buckbrush,
redberry, and mountain mahogany
(Cercocarpus betuloides) were the ma-
jor shrubswith annual and perennia
grassesand forbscomprisingthe
ground canopy. Cattlegrazingand
fuelwood harvest havemodified the
compositionand structure d the
tree, shrub, and herbaceouslayers.

METHODS
Held Methods

At TR we placed threegridsin each
d threedifferent stand types—-blue

oak, vdley oak, and canyonliveoak
woodlands—and weplacedfour
gridsin four different standsof
mixed-oak woodlands(California
black, interior live, canyon live, and
Brewer's oaks). At SER we placed
four grids, oneeach in ablue oak and
aninterior liveoak stand, and twoin
mixed blueoak-interior liveoak-dig-
ger pinestands. Thethreegridsat
SRFSsampled three standsdf

mixed blue oak-interior liveoak-dig-
ger pinewoodlands. Selection of
stands wasnot entirely random be-
cause we needed to consider access-
bility duringinclement weather, and
possible conflictswith other research
projectsor with certain management
practices(e.g., excessvecattlegraz-
ing, fuelwood harvest, road con-
struction) when selectingstands. The
actual sdlectiond thegrid location
withinastand wasby aseriesd ran-
dom proceduresto determinedis-
tanced thegrid from thestand edge
(>100 m from thestand edge to mini-
mize edgeeffects) and thedirection
o thegrid array.

Each grid consisted of 362-gd,
plasticbucketsarrayedina6x6
squarewith 20-m interstati onspac-
ings. Bucketswere placed within2m
d eachgrid pointat asuitabletrap-
pinglocation. Bucketswere sunk to
ground level and left closed (apiece
o plywood secured witharock) for
at least onemonth prior tobeing
opened. Thisperiod enabled germi-
nation d grassesand forbsto occur
thusmaking thearea near thetrap
appear lessdisturbed and alsod -
lowed small mammalsand herpe-
tofauna to becomeaccustomed to the
presenced thetraps. Trapswere
opened by proppinga plywood lid 5-
10 cm abovethelip o thebucket us-
ing small branchesor small rocks
and then placing3-6 cm o waterin
thebottom d thebucket. Trapswere
checked oncea week and wereleft
openfor 1-2 monthsat a time. We
noted thespecies, date, and trap lo-
cation o al captures. Dead animals
were removed from traps; liveani-
malswere removed and relocated to
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asimilar habitatat |east onekm from
the nearest trappinggrid.

We monitored pitfall trapsat TR
from 4 January to 20 May 1987 and
from 10 December 1987 to 20 June
1988. Weregarded thefirst year of
monitoring asa pilot study toevau-
ateand refineour methods. Traps
wereopened and monitored for 30
daysusing the methods described
above. However, inlight d arecent
articleby Bury and Corn (1987), we
increased our trapping period from
30 to 60-65 days per grid. Thus, our
designat TR for the second year con-
sisted d openingonegrid of each
stand typefor 60-65days, closing
those, and then openinganother set
o four grids. Werepeated thisde-
sign threetimes. We opened thefour
gridsat SERand thethreegridsat
SFRFSeach for 60 daysfrom mid-
January through mid-March1938.

Data Ancalyses

We compared standardized capture
numbersamong stand typesat TR
and among the threestudy areas(TR,
SER, and SFRFS) todeterminegen-
eral distributional patternsd theani-
mal scaught. Capture numberswere
standardized by poolingall captures
o aspecieswithinastand typeor
withinastudy areaand dividingthis
number by the total number o trap
nightsfor each grid within that stand
typeor study area. We calculated
Spearman rank-order coefficients
(Marascuiloand McSweeny 1977) to
test for differencesin rankings of
capturesd speciesamong stand
typesat TRand thend captures
among the threeareas. We tested for
species-specificdifferencesin capture
ratesamong stand typesand among
study areas using Kruskal-Wallis
analyses(Marascuiloand McSweeny
1977).

We used log-linear analyses(Fien-
berg 1980) to determinethe sources
d variationin trap successwithin
and among years, stand types, and
study areas. We used data only for




the presenceor absenceof aspecies
at each trapping station, regardless
o thenumber of individualsd the
speciesthat werecaptured at thesta-
tion. Becausethe number o trap
nightsvaried between grids, we used
thisvariableasacovariateinal
analysestofactor out the biasthis
might haveentered in our analyses.
Totest for within-year, spatial-
temporal patterns, we restricted our
analysesto data collected in 1938.
Analyseswere done for common
species(i.e., thosefor which we had
adequate numbersof samples)and
taxon variablesd mammals, am-
phibians, and reptiles. We used data
fromTR to examineseasonal and
stand associationsd common spe-
cies of each taxon.
Toexaminegeographic patternsdf
captures, we compared trap success
among thethreestudy aress. Be
tween-year analysesweredoneby

comparing trap successat TRfram
1987and 1988.

RESULTS
General Pattems
Tejon Ranch

Therankingd speciescaptured in
canyon liveoak woodlandswas not
significantly correlated with the
rankings d speciesfound in the
other woodland types(dl r, values
werenonsignificant, n= 21, P> 0.05).
Thesedifferenceswereattributable
toastronger associationaf amphibi-
ans, particularly Ensatina and Batra-
choseps salamanders, with canyon
liveoak stands than with theother
typesd woodlands(Kruskal-Wallis
Andyses, df =2 P<0.10) (tablel).
Differencesamong stands wereal so

\
(Teble 1.—Capture numbers of amphiblans, reptiles, and small mammals
within lour different oak woodland types at Tejon Ranch. Kem County,
Cdlifornla from 1 January 1987 through 20 June 1988.
Valley Blue ‘Canyon Mixed
: ' oak oak live oak
+ ‘Specles (n=7848)' (n=8828) (n=7848) (n=8828)
Batrachoseps nigriventrist 38 3
Ensatina eschscholizi? 19 53 13
Rana boylii 1
Sceloporus occidentalis® 20 39 31
Eumeces gilbert? 28 34 4
Gerhonotus mullicarinatus £ 3
Anniella pulchra 1
Diadophis pulchellus - 1
Peromyscus maniculatus? 42 10 3
P. boylii 33 20 22 24
P. trueR 14 r 6
Perognathus califomicus 1 -3
Microtus cdlifomicus 2 2 4 1
Thomomys bottae 8 4 2 6
Reithrodontomys megalotis 1 - 1
Scapanus latimanus 1 1
Sorex omatus 1 13 6
Total captures 168 112 138 102
Specles richness 10 9 10 13
'"Number of frap nighfs. bt
28ignificant difference (P <0.10) of capfures among stand types.
\. .
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noted for capturesd Peromyscus
maniculatus, P. truei, Sceloporus oc-
cidentalis, and Eumeoes gilberti, which
werecaptured morefrequentlyin
blueand valley oak standsthanin
canyon liveor mixed-speciesoak
stands (tablel). In comparisonsof
rankings of taxonomicgroupsanong
stand types, wefound a significant
positive correl ation between mixed-
speciesand valley oak stands, but a
significant negativecorrelation be-
tween blueand canyon liveoak
stands (r, significant, n=3, P < 0.01)
(fig. . All other pair-wisecompari-
sons betweenstand typeswere non-
significant.

All Study Areas

Rankings of captures of specieswere
wesakly correlated only between TR
and S/RFS(r,=037, n=21, P=
0.052); Spearman rank-order correla-
tions were nonsignificantin all other
comparisons. Significant differences
werefound among areasin thecap-
tureratesd Sceloporus occidentalis,
Eumecesgilberti, E skiltonianus, Batra
choseps attenuatus, Batrachoseps ni-
griventris, and Ensatinaeschscholtzii
(table2). In contrast, rankings of taxa
weresignificantly correlated between
SERand SFRFS (r, =100, n=3, P=
1.00), but nonsignificant(P >0.05) in
al other between-areacomparisons.
Thedifferenceswere primarily be-
caused differencesin capture rates
o reptilesand amphibians(fig. 2).

Log-linear Analyses

Trap successat TR for small mam-
mdls, reptiles, and amphibiansdif-
fered with stand typeand trapping
period (likelihoodratio chi-squares,
P < 0.01). Similar resultswerefound
for the sel ected common species. In
contrast, fewer differenceswere
found betweenyearsfor capturesdf
amphibians, reptiles, and small
mammals. Only capturesadf reptiles
in blue oak standsand capturesd



11 mammals within valley oak
.dsweresignificantly different
veen years (likelihood ratio chi-
ares, P<0.01). We noted signifi-
t differences(P < 0.01) in capture
juencies d reptilesand amphibi-
.among study areas, but differ-
:eswere nonsignificant (P > 0.05)
capturesd small mammals.

DISCUSSION

raryear differencesin trap success
TR wereobserved for all common
eciesand taxonomicgroups tested.
uch of theintra-year variationin
ap successwas probably because of
fferencesin activity patternsdur-
g different timesof theyear (Welsh
187). Our resultsfurther suggested
at activity patterns varied within
nd among taxa. For example, few
»ptiles werecaptured from Decem-
2r through March; capture rates
en increased dramatically after
larch. In contrast, fewer salaman-
erswere caught in December, Janu-
ry, May, and June than werecaught
luring March and April. Similar re-
.ults emerge when comparing activ-
ty patterns o specieswithin a taxon.
Thus, activity patternsd a speciesor
Jf ataxon tend to be somewhat spe-
sific to theanimal or group studied.
Differencesin trap successwere
not asapparent for interyear com-
parisons, however. In fact, theonly
differencesthat we noted were in-
creasesfrom 1987 t01988in trap suc-
cessfor reptilesin blue oak and for
mammalsin valley oak stands. These
results might beinterpreted in two
ways. First, speciescompositionsare
fairly consistent from year to year, or
the2 yearsd data that wecompared
were possibly insufficient to detect
population or habitat shifts(Halvor-
son 1984, Morrison, thisvolume).
Undoubtedly, along-termstudy is
required to determineif theseresults
remain valid with timeor if they are
an artifact of the sampling period.
Speciesdistributionsalso varied
spatially among thedifferent stand

typesat TR and among the three
study areas. For example, canyon
live oak standscontained moream-
phibiansand fewer reptiles than
other typesd stands, whereasfew
amphibiansand morereptileswere
captured in blue oak stands. Valley
oak and mixed-speciesoak stands
contained intermediate numbers of
amphibiansand reptiles. We also
noted differencesdf capturesamong
gridsd thesamewoodland type.
However, given theshort duration of
thisstudy (2 yearsto date), thesedif-
ferencesmay reflect temporal differ-
ences between sampling periods
morethan variation within stand
types. Variation wasalso noted ona
broader geographical scaedf be-
tween study areas.

Pitfall trapsareone o many tech-
nigues used to sample vertebrate
populations (Day et al. 1980). As
with each technique, however, pitfal
trapsare not without limitations
(Buryand Corn 1987). Inter-and in-
traspecificdifferencetn motility,
moded travel, and activity rangeall

influence the probability of ananimal
being captured. Becauseof probable
speci es-specific biasesin catchability,
astudy design should consider alter-
native methods (e.g., live trapsfor
small mammals, and active searches
for reptilesand amphibians) to
sampl e the population(s) of the spe-
ciesdf interest (Halvorson 1934, Ra-
phael and Rosenberg 1983, Welsh
1987).

For example, resultsfromour pit-
fdl datad o not completely agree
with preliminary resultsfrom >6,000
trap nightsusing live trapsor from
20 time-constraint searches, both
doneat TR (Block, unpubl. data). In
particular, wecaptured more Per-
ognathus californicus and Reithrodonto-
mysmegalotis using livetrapsthan
wedid using pitfall traps, but have
captured no Microtus, Sorex, Tho-
momys, or Scapanusin livetraps
whereas we havecaught themin the
pitfalls.

Thus, researchersshould compare
and eval uate resultsfromalternative
methods to determine the most effec-
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Figure 1.—Relative numbers of captures using pitfall traps within four oak woodland types at
Tejon Ranch, Kern County, Callfornla from 5 December 1987 to 20 June 1988.
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tivemethod or combinationof meth-
odstousefor thespeciesunder
study.

Weevaluated our datain twodif-
ferent ways: comparisonsof capture
numbersand comparisonsd trap
success. Resultsfrom both analyses
weregenerally consistent, although
in some caseswefound differences
incomparisonsd trap success, but
failedtodosoin comparisonsd cap-
turenumbers. Thediscrepanciesbe-
tween theseresultsmay beattribut-
ableto both statistical and biologica
factors.

Statistical factorsstem fromthe
factthat continuousdata were re-
corded for capture numberswhereas
categorical datawererecorded for
trap success. Consequently, different
statistical testswererequired to ana-
lyzethedifferenttypesdf data. The

lack d concordancebetween results
may betheresultd different as-
sumptionsd thedifferent testsand
o different powersd theassociated
statistics.

For example, in comparisonsd
capture numbers, our used all cap-
tures froma trap for a given species
may have violated assumptionsd in-
dependenced samples; assumptions
underlying most parametricand
nonparametricstatistical tests(e.g.,
see Sokal and Rohlf 1969, M araxuilo
and McSweeny 1977). Conversdly,
using presence-absencedataaswe
didinanalysesd trap successavoids
the problem of dependency. A short-
comingd usingonly presence-ab-
sence data, however, isthat informa-
tiond thenumbersand hencerela-
tiveabundanced animalscaptured
might belost.

‘\
[Tablez —Capture numbers of amphibians; reptiles, and small mammalsat
_ hree Califomnia ook woodlands: Tejon Ranch, Kem County; San Joaquin
' Experimental Range, Madera Cdunty; and Slerrc Foothill Range Fleld Sta-
: ﬂon, Yuba County, trom mld-.lonuaty through mld-March 1988.
Tolon san Jouquln Slena Foothill
S Ranch : Exp. Range Range Field Stn.
.. Species (n=8828)' - (n=8828) o (=6912)
- Batrachoseps attenuatus® -~ = ¥ 8 ' 1
- Batrachoseps nigriventris® . - 19 '
- Ensatina es;chschol‘l‘zn2 ) 3
" Taricha torosa S TR, 1
“‘Rana boylii . i
‘Scaphiopus hammonda' SN g .3 .
- Sceloporus occidentalis® - 20. 31 96
-.Eumeces gilbert?: : . .. s Qi 46 o
‘Eumeces skiltonianus® - Ay : ‘ 8
+ Gemhonotus multicarnatus . - 1
- Peromyscus maniculatus R -7 3
- ‘P. boylii © g =13 b -5
P truel : - 9 -4
- Perognathus callfomlcus S
“P.lnomatus: o b : 1 ,
. Microtus califomicus 1 6
- Thomomys bottae 2 i 4. 1
- Scapanus Iatimanus 1 ; _
;*Sorex omatus - : : » 23
- Total captures - s 82 S 1 S 128
Speq_es richness da 13+ 10 & RS s
'Number offrop nighrs :
& «3Significant difference (P <0. 10)of capfures among sfudy areas.
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CONCLUSIONS

Using pitfall trapsto sampleamphib-
ian, reptile, and small mammal
populations, we found pronounced
variationwithinand amongstudy
areas, and within and between years
incaptureratesd al taxaand d
many of the speciesstudies. Implica-
tionsof theseresultsapply both to
thedesign of studiesfor theseani-
malsaswdl asfor their manage-
ment. First, wer ecogni ze biasesby
usingonly pitfall trapstosample
populationsd free-rangingverte-
brates, and we suggest that research-
ersevaluate all possible methodsto
determine the best one or combina-
tiond methodsfor thestudy d a
particul ar organism(s). Second,
within-year variationin capturerates
suggests that researchersshould de-
sign astudy to sampleseasonal vari-
ationsin activitiesand in habitat use.
Similarly, spatial variation, both
within and among stand typesand
among di stinct geographiclocations,
should bestudied to better identify
distributional limitsd thespecies
studied and to determine how spe-
cific habitatscontributeto the sur-
viva and reproduction o the spe-
cies. From a management perspec-
tive, understanding temporal and
spatial variabilityin habitat useis
critical when tryingto providesuit-
ableconditionsfor theanimal tosur-
viveand reproduce. All oak wood-
lands cannot be managed in thesame
way for al species. Each oak-wood-
land type containsa uniqueset d
factorsthat predisposespeciesto use
theareafor someaspect o their life
histories. Management for a species
should be based on informationthat
considersthe spatial and temporal
variability in habitat useto provide
for al liferequisites.
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