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Abstract: Distributions. abundances. and patterns of resource
use of amphibians. reptiles, birds, and small mammals varied
spatially and temporally in Californiaoak woodlands. Spatial
variations occurred within stands, between stands of asimilar
type(e.g., canyon live oak {Quercus chrysolepis], blueoak [Q.
douglasii], or valley 0ak [Q. lobatal), between stand types, and
between geographic areas. Temporal variations occurred be-
tween seasons and years. Management of wildlife in oak
woodlands should bebased on researchthat detail s seasonal and
temporal variations in habitat and resource use. Species that
exhibit pronounced geographic variationsin habitat use will
requiredifferent managementstrategies,dependingon location.
Providingfavorableconditionsfor breedingwill not ensurethat
requirementsfor speciesoccumng during nonbreeding periods
will be met aswell.

California oak woodlandsextend from the northern to the
southern boundaries of thestateand encompassover2.5 million
hectares. Within thisareaexistsa number of vegetation types
distinguished by differencesin thecompositionand structureof
the woody vegetation (Allen 1990). This vegetativediversity
providesa wide spectrum of conditionssuitable for occupancy
by many speciesof wildlife(Block and Morrison 1990, Block
and others 1990). Actual occupancyof suitablehabitat i sfurther
influenced by historic distributional patternsand modified by
variousbhiotic (e.g., food abundanceand availability, density of
the species, competition, predation) and abiotic (e.g., weather,
fire, anthropogenic) processes.

Occupancy and specific resource-usepatterns of wildlife
are not static through time and space (Block 1989, Block and
others 1988). With birds, for example, some speciesoccur ina
location throughout the year, whereas other species may be
present only during breeding, winter, or migration. Resource-
use patternsof many amphibians, reptiles, birds, and mammals
shift within and between seasons (Block and Morrison 1990,
Block and others 1988). These shifts may be responses to
changing needsduringdifferent phasesof species' lifehistories
or responses toshiftsin thequantity and quality of theresource
base.
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K nowledgeof spatial and temporal variationsin habitat use
is needed toelucidatevariationsin popul ations, habitat associa-
tions, and community structure and to provide a basis for
predicting effects of environmental perturbations onindividual
species and entire assembl agesof species.

This paper examinesspatial and temporal relationships of
wildlifein oak woodlands. Wedraw upon three yearsof field
data collected on population numbers and macrohabitat asso-
ciationsof amphibians,reptiles, birds,and small mammalsfrom
four study areas, threeprimary and oneancillary, representing a
diversity of oak-woodlandecosystems. Our objectives are to
categorizespeci esaccordingto genera macrohabitat associations
and to determine the spatial patternsin speciesdistributions.

STUDY AREAS

The three primary study areas were: (1) San Joaquin Ex-
perimental Range, Madera County; (2) Sierra Foothill Range
FieldStation, Yuba County; and (3) Tejon Ranch, Kern County.
Both San Joaquin and SierraFoothill are in the foothills of the
Sierra Nevada with SierraFoothill lying northeast of Marysville
and San Joaquin north of Fresno. Tejon Ranch islocated inthe
Tehachapi Mountainseast of thetown of Lebec, Thetopogra-
phy, and structure and composition of the vegetation of each
study areadiffersfromtheothers. San Joaquin ischaracterized
by arelatively flat terrain with rolling hillson ageneral south-
west-facing slope. The overstory is dominated by blue oak,
interior liveoak (Q. wislizenii), and gray pine(Pinus sabiniana)
with buckbrush(Ceanothuscunearus), chaparral whitethorn(C.
leucodermis), redberry (Rhamnus crocea). coffeeberry (R.
californicus), and poison oak (Toxicodendron diversiloba)
comprising the woody understory. Annual grasses and forbs
dominate theherbaceous layer. Topography i ssteeper a Sierra
Foothill with moderate slopes facing in a general westerly
direction. Dominant overstory treesinclude blue oak, interior
live oak, gray pine, Californiablack oak (Q. kelloggii), valley
oak. and ponderosa pine (P. ponderosa). Major shrubs are
buckbrush, coffeebeny, toyon (Heteromeles arbutifolia), and
poisonoak; annual and perennia grassesand forbscomprisethe
herbaceouslayer. Terraina Tejon Ranchis more mountainous
than at SierraFoothill or San Joaguin, consisting of steepsiopes
facinginal cardinal directions. Thistopography contributed to
amorediversefloraasblueoak, interior live oak, canyon live

oak, California black oak, valley oak, and Brewer’s oak (Q.
garryanavar. breweri)contributed totheoverstory. Thewoody
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understory consisted of buckbrush, redberry, chamise
(Adenostoma fasciculatum), big-berry manzanita (Arctostaphylos
glauca), and mountain mahogany (Cercocarpus beruloides).
Annual and perennia grasses and forbs comprised the herba-
ceousunderstory. Moredetailed descriptions of thestudy areas
are given by Block (1989).

We al so report additional data collected from afourth site,
Mad River, locatedin southern Humbol dt County near thetown
of Dinsmore. Vegetation pattern was a mosaic consisting of
standsof California black oak and Oregon white oak (Quercus
garryana) interspersed among Douglas-fir (Psuedotsuga
menziesii) forests,

METHODS

Sampling intensity for amphibians, reptiles, and small
mammal s described below was greater at Tejon Ranch than at
San Joaguin or Sierra Foothill. Because San Joaquin and Sierra
Foothill were relatively small in total area(1,800-2,200 ha), we
werelimited inthe placement of spatially-independentsampling
grids and surveys. In contrast, oak woodlands covered about
40,000ha at Tejon Ranch, consequently wehad agreater areato
place more grids and conduct moresurveys. Moreover, stands
of major oak species at Tejon Ranch were often monotypic
providing an opportunity to test for differences among these
distinct stand types.

Tie-constraint searches (Welsh 1987) were done at all
four study areastolocate amphibiansand reptilesduring spring
andfall. This method entailed searching randomly for animals
under, on, orin logs, rocks, le#f litter, trees, and bareground for
4-person hours. The amount of areacovered duringeach search
varied, dependingon theabundanceof suitablesubstrates. Once
an animal was located, time was halted temporarily while the
animal wasidentified and measured,and general characteristics
of the macrohabitat were worded. We conducted 28 time-
constraint searches at Tejon Ranch, nine a SierraFoothill, and
seven each at Mad River and San Joaquin. Searches at Tejon
Ranch were donewithinfivedistinct stand types: blue oak (four
searches), valley oak (7), canyon live oak (7), interior live oak
(5), and California black oak (5). Searches at the other study
areasweredonein avariety of stand types representativeof the
variationsin vegetation that occurredthere. Becausethe number
of searcheswithin all study areasbut Tejon Ranch wasrelatively
small (seven to nine), we did not separate stand types for
statistical analyses. Searchesconductedwithintheseareaswere
pooled to provide a genera description of the herpetofauna
present. W efirst compared capturesamong standtypesat Tejon
Ranch to determine if species were closely associated with a
specific vegetation type. We then pooled all searches from
Tejon Ranch and compared captures among study areas. We
compared capture frequencies among stand types at Tejon
Ranch and among thefour study areas using G-tests(Sokal and
Rohlf 1969; p. 559).
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Amphibians, reptiles, and small mammal popul ationswere
alsosampled using pitfall traps. These traps consisted of 3.8-
liter bucketsthat were sunk toground level and covered witha
sguare pieceof plywood elevated 5-10 cm abovethelip of the
bucket (Block and others [1988] provide a more detailed dis-
cussion of themethods). Trapswerein6x 6 gridswith 20-meter
spacing between buckets. We placed 13 gridsat Tejon Ranch,
andfoureachat Sierra Foothill and San Joaquinfor atotal of 740
traps. Traps were monitored at Tejon Ranch from 4 January to
20 May 1987, 10 December 1987 to 20 June 1988, and 10
November1988t030 April 1989; trapsweremonitoredat Sierra
Foothill and San Joaquinfrom mid-January tomid-March1988,
and'from 10 November 1988 to 15 January 1989. The tota
trappingeffortincluded 98,592 trapdaysand nights. Trapswere
checked periodically for captured animals. Captures were
identifiedand removed from thetrapping grid. Weused G-tests
to compare frquencies of captures among study arees. To
determineplant associations of individual speciesand of each
major taxon (amphibian, reptile, and small mammal), we esti-
mated cover by woody vegetation within each grid using the
point-intercept method (Heady and others 1959) centered a
eschtrappingstation. Weplaceda10-meterlong interceptalong
arandom bearing with 1-meter spacings between points. Per-
cent coverby each major tree species(blueoak, interior liveoak,
canyonliveoak, Californiablack oak, valley oak, and gray pine)
was calculated as the percentage of the points (360 per grid)
covered by that species. We calculated product-moment cor-
relations(Sokal and Rohlf 1969; p. 498-508) to measureasso-
ciationsof different species of amphibians, reptile, and small
mammals and for each major taxon (amphibian, reptile, small
mammal) to these tree species.

Wead so used Sherman live traps to sample small mammal
populations. Traps were in 8 x 8 grids with 15-meter spacings
between traps. Twelve grids were placed at Tejon Ranch and
foureach & San Joagquin and Sierra Foothill. Wetrapped small
mammals at Tejon Ranch from July through December 1986;
March, April, November, and December 1987; November and
December 1988; and January through March 1989. Trapping
wasdoneat SierraFoothill during April 1987, March 1988, and
December 1988and at San Joaquinduring April 1987, December
1988, and from October 1989 through April 1990. Totd
trappingeffortwas21,392 trap nights. Captureswereidentified,
aged, measured, marked by toe clipping, and released. We
measured vegetation using the same point-intercept method
used in pitfall grids except that 640 points (10 points at 64
stations) were sampled within each grid. Analytic methodsfor
live-trapdata followed those described for pitfall traps.

Bird popul ationswere sampled using apoint-count procedure
(Vemer 1985). This method entailed an observer recording all
birdsdetected by sight or sound within a 100-meterradiusof the
counting station. Wesampled birds at 100 counting stationsa
each of thethreestudy areas. M oredetailed descriptionsof the
methods for the establishment of stations and of the actua
counting procedures are described in detail by Block (1989).
Each point wassampl ed threetimesduring each breedingseason
and fivetimes during each nonbreeding season. We counted
birdsat Tejon Ranch during the 1986,1987, and 1988 breeding
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seasons and the 1986-87 and 1987-88 nonbreeding seasons.
Counts weredoneat Sierra Foothill and San Joagquin during the
1987 and 1988 breeding and the 1987-88 nonbreeding seasons.
A total of 4040 point counts wereconducted over thedurationof
thestudy. Tocomparetherankings of total counts (i.e., numbers
of detections) of speciesbetween study areas, years, and seasons,
we calculated Spearman rank-correlation coefficients
(Marascuilo and McSweeny 1977; p. 431-439). Werestricted
the species used in the analyses to those for which >100 total
detectionsacrossall study areaswererecorded. Wesorestricted
our analyses because including uncommon and incidental spe-
cieswould haveincreased samplesizesand renderedthechance
of observing significant correlations an artifact of sample size
alone.

We aso collected data pertaining to tree-species use by
common species of birdsfound a each study area. Welimited
thisanal ysistocommon species to ensureadequate samplesfor
statistical analysis (cf. Block and others 1987, Morrison 1988).
We used log-linear analyses(Fienberg 1980; p. 13) to compare
the frequency of use of majortreespecies by thesebirdsamong
study areas, seasons, and years. Analysesdoneon birdspresent
only during breeding or winter examined effectsof study area,
year, and their interaction.

RESULTS

Time-constraint Surveys

We located 428 individuals representing 17 species of
herpetofauna during time-constraint searches including three
salamanders, onefrog, seven lizards, and six snakes (table 1).
Significantly more salamanders werecaptured a Tejon Ranch
(102) than at al of the other areas combined (21). These
salamanders at Tejon Ranch occurred in association with can-
yon live oak, valley oak, and California black oak. Few
salamanderswerecaught in association with blueoak or interior
live oak at Tejon Ranch. Western fence lizards were the most
frequently captured lizard at dl study areas (table 1). Gilbert's
skinks were captured frequently at Tejon Ranch and Sierra
Foothill, whereas western skinks were captured at Sierra Foot-
hill and Mad River (table 1). Southern aligator lizards were
captured frequently at Sierra Foothill, whereasnorthernalligator
lizardswerecommonat Mad River. Wefoundsouthernalligator
lizards at Tejon Ranch, but caught none at San Joaquin even
though they wereobserved at thefiel dstationduring other times.
Few snakes of any species were captured (table 1), Failureto
capturesnakeswasareflectionof theinadeqaucy of thismethod
tosample their populations.
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Pitfall Traps

We captured 1,363 individuals representing 27 species
during pitfal trapping including three salamanders, one newt.
two frogs, two toads, seven lizards, one snake, and 11 small
mammals (table 2). Western fence lizards, Gilbert's skinks,
brushmice, deer mice,and pinyon micewerethemost frequently
capturedanimal saccountingfor about 73 percent of all captures.
Relative frequenciesof species captured differed significantly
amonggridswithineach study area(G-tests, P <0.01). Relative
frequehcies of captures also differed significantly among the
three study areas (G-test, P < 0.01). Amphibians were most
closely associated with canyon liveoak (r =0.67. P <0.01) and
capturesof mammalsweresignificantly correlated with valley
oaks(r =0.67, P<0.01). Wefound no significant associations
of reptiles with stand type or species of tree. Black-bellied
slender salamanders (r= 0.66) and yellow-blotched ensatinas
(Ensatina eschscholtzii croceater) (r = 0.69) were both posi-
tivelyassociated (P <0.01) withcanyonliveoak. TheCalifornia
slender salamander (r=0.72) waspositively associated (P <0.01)
with gray pine. Western fence lizards (r = 0.69) and western
skinks(r=10.59) wereboth positively associated (P < 0.01) with
blueoak. Brush mice (r=0.56) and deer mice (r=0.82) were
positivelyassociated (P< 0.01) with valley oak, and brush mice
(r = 0.59) also showed a positive association (P < 0.01) to
Californiablack oak. Thewestern harvest mousewas positively
associated (P < 0.01) with blue oak. No other species was
significantly associated or disassociated with tree species.

Live Traps

Livetrappingresulted in 1,412 captures of 728 individuals
representing 11 speciesof small mammals. Brush, pinyon, and
deer mice, accounted for about 82 percent of all captures (table
3). Relativefreguenciesof capturesdifferedamonggridswithin
and among study areas. Only two species were positively
associated with a plant species. deer mice which werefoundin
greater numbersin valley oak stands (r = 0.74, P < 0.01), and
Californiapocket micewhich appeared closely associated with
gray pine (r =0.74, P < 0.01). No other species exhibited a
significant association (P < 0.05) with stand type.

Birds

Bird counts resulted in 33,798 detections of 124 species.
Threegeneral trendsemerged from comparisonsof rankings of
speciesby numbersof detections (table4). First, rankings were
significantly correlated (P < 0.05) for 16 of 21 breeding season
comparisons. Theexceptionstothistrend werefor uncorrel ated
rankings of birds between Tejon Ranchand Sierra Foothill (table
4). Second, rankings of speciesweresignificantly correlated for
all nonbreedingcomparisons. Third, therewasageneral lack of
concordancein rankings of bird species between seasons as no
r, was>0.41. The only significant correlations were between
breeding birds at San Joaquin and nonbreeding birds at Tejon
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Table 1—Captures of amphibians and reptiles during time-constraint searches atiour oak-woodland study areas in California from
1987 through 1990

Study area
Tejon San Siem Nd
Species Ranch Joaguin Foothill River Total
Amphiblans
Ensatina
(Ensatina eschscholzil) 76 6 82
Black-bellied slender salamander
(Batrachoseps nigriventris) 26 26
Californiaslender salamander 3
(Batrachoseps attenuatus) 3 12 15
Pacific treefrog
(Hyla regilla) 3 2 5
SUBTOTAL icevviione TP TP E PP TP TR TP TP TP P TSROV POT PO PTPRPON 128
Reptiles-lizards
Side-blotched lizard
(Uta stansburiana) 1 1
Western fence lizard
(Sceloporus occidentalis) 49 30 49 57 185
Gilbert's skink
(Eumeces gilberti) 25 16 41
Western skink
(Eumeces skiltonianus) 7 11 18
Southern aligator lizard
(Elgaria multicarinata) b) 22 27
Northern alligator lizard
(Elgaria coerulea) 15 15
Leglesslizard
(Anniella pulchra) 3 3
SUBTOTAL ottt ettt ans 0004001400 b0101 4440500004040 00 4044003404400 00 0008 b 00 E R0 000040 bbb bbb es et 290
Reptiles-snakes
Racer
(Coluber constrictor) 1 1 2
California whipsnake
(Masticophis lateralis) 1 1
Ringneck snake
(Diadophis punctatus) 1 1 2
Gopher snake
(Pituophis melanoleucus) 1 1 1 3
Sharp-tailed snake
(Contia tenuis) 1 1
Western rattlesnake
(Crotalus viridis) 1 1
SUBTOTAL trittitmiiimiitaricimirecsinssiseasanssnessssssermsessonenssessssossionsseersessssssssesesssssesseseesssarssesssseesiosiesssssreressasssssssosssssssssors 10
TOTAL 185 51 97 95 428
Number of searches 28 7 9 7 51
Number of search houn 112 28 36 28 204
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Table2—Capturns d amphibians, reptiles, and small mammals in pitfall traps at three oak-woodland study areas in
Californla from 1987 through 1990

Study area
Tejon San Siem
Species Ranch Joaguin Foothill Total
Amphiblans
California newt
(Taricha torosa) 1 1
Ensatinr 105 105
Black-bellied slender !
salamander 40 40
California salamander 13 2 15
Western spadefoot
(Scaphiopus hammondii) 3 3
Western toad
(Bufo boreas) | 1 2
Foothill yellow-legged frog
(Rana boylii) 1 1
Pacific treefrog 2 2
SUBTOTAL 1ttt s s sttt ss s e ab st s s s 169
Reptiles-lizards
Side-blotched lizard 1 1
Western fencelizard 174 46 122 342
Gilbert's skink 117 56 173
Western skink 18 18
Southem alligator lizard 5 10 15
Leglesslizard 1 1
Western whiptail
(Cnemidophorus tigris) 46 46
SUBTOTAL 1ttt s s s s ms 1410000050010 ssssen st nnnen 596
Reptiles-snakes
Ringneck snake 1 1
Small mammals
Ornate shrew
(Sorex ornatus) 30 2 8 40
Broad-footed mole
(Scapanus latimanus) 1 1
California pocket mouse
(Perognathus californicus) 1 11
San Joaquin pocket mouse
(Perognathus inomnatus) 1 1
Botta’s pocket gopher
(Thomomys bottae) 23 8 1 32
Western harvest mouse
(Reithrodontomys megalotis) 7 9 16
Brush mouse
(Peromyscus boylei) 234 13 16 263
Pinyon mouse
(Peromyscus truei) 59 18 14 91
Desr mouse
(Peromyscus maniculatus) 107 10 4 121
California mouse
(Peromyscus californicus) 1 1
California vole
(Microtus californicus) 12 9 21
SUBTOTAL 598
Total captures 931 219 213 1363
Total trapnights 65,850 17,280 15,462 98,592
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Table 4—Spearman rank-order correlations comparing rankings d total counts d common birdsfound atthree California oak woodlands—Tejon
Ranch (TR), Kern County; San Jwquln Experimental Range (SJER), Madera County; and Sierra Foothill Range Fileld Station (SFRFS), Yuba
County—between years (1986, 1987, 1988), reasons (B = breeding; N = nonbreeding), and study areas. For example, TR/B86 vs. SJER/B87 compares

Table3—Captures of small mammals \n live traps a three oak-woodland study areas in Californiafrom 1987 through
1990. First number presented s the number d #ndividuals; second number is fotal number d captures including

recaptures
Study area
Tejon San Sera

Species Ranch Joaguin Foothill Total
Ornate shrew m m
Beechey ground squirrel
(Spemophilos beecheyi) 10/10 10/10
Merriam chipmunk
(Eutamias merriamf) 22 22
Californiapocket mouse 11/22 14128 25/50
Heermann kangaroo rat
(Dipodomys heermanni) 3/5 1/5 4/10
Brush mouse 118/242 97/195 66/127 281/564
Pinyon mouse 1191229 1667268 27/147 312/544
Deer mouse 58/161 821 7M1 73/193
Cdlifornia mouse 22 22
Cdifornia vole m m 22
Dusky-footed woodrat
(Neotoma fuscipes) 4/8 8721 25 14/34

Total captures 318/670 307/551 103/191 72811412

Trapnights 8,996 8.758 3,638 21.392

1986 breeding at TR with 1987 breeding a/ SJIER

TR/ TR/ SIEEW SFRFS/ T™W SIEW SFRFS/ TR/ ™ SJER/
B86 B87 B87 B87 B88 B88 B88 N87 N88 N88
TR/B87 0.88
*»l
SJER/B87 0.65 0.64
. .
SFRFS/B87 0.27 0.29 0.54
-
TR/B88 0.89 0.94 0.69 0.28
[ 1 L1 ] =y
SJER/B88 0.61 0.54 0.90 0.52 0.64
e e *s xe *&
SFRFS/B88 0.34 0.26 0.53 0.90 0.25 0.57
- E L g [ 2] =
TR/N87 0.12 0.27 0.37 -0.01 0.28 0.29 -0.06
*
TR/NES 0.13 0.28 0.33 0.01 0.29 0.30 -0.02 091
. . .
SJER/NS88 0.06 0.13 0.41 0.10 0.16 0.35 0.09 0.74 0.79
e L] e L2 ]
SFRFS/N88 0.04 0.02 0.21 0.22 0.04 0.20 0.24 0.42 0.48 0.53

8

L4

v sgnificantat P< 0,05 (n=44); ** r, significant & P< 0,01 (n=44),
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Table $~—~Summaryfrom log-linear analyses & use d tree speciles by breeding and nonbreeding birdsfound In three
California oak woodlands—Tejon Ranch, Kern County; San Joeaquin Experimental Range, Madera County; and Slerra
Foothill Range Fleld Station, Yuba Cotinty—from 1986 to 1988

Area
x
Area Area Year Y ear
X X X X
Species Area Y ear Season Year Season  Season Season
Resident birds
Acorn woodpeckers 212.1 8.6 9.1 1.4 5.1 4.8 0.0
(Melanerpes formicivorus) **! i
Nuttall's woodpecker 186.4 8.4 18.6 14.6 1.4 5.1 7.3
(Picoides nuttalli) . .
Scrub jay 124.2 21.2 11.7 6.6 6.4 8.5 1.8
(Aphelocoma coerulescens) ** Lt
Plain titmouse 2804 16.4 333 21.1 12.2 7.6 7.2
(Parus inornatus) " bd .o
Bushtit 10.8 284 274 20 30 9.6 13
(Psaltriparus minimus) " L4
White-breasted nuthatch 314.1 4.1 8.8 13.7 7.0 8.6 1.1
(Sinta carolinensis) .
Bewick's Wren 37.0 12.0 12.3 5.5 52 6.4 1.5
(Thryomanes bewickii) L4
Western bluebird 125.9 9.2 20.6 13.6 3.7 10.7 1.4
(Sialia mexicana) - L
Californiatowhee 99.5 11.7 143 1.9 5.6 9.6 5.5
(Pipilo fuscus) b
Hutton’s Vireo — 14.9 78 — — 7.6 —
(Vireo huttoni)
Lesser goldfinch — 14.7 304 — — 14 —
(Carduelis psaltria) Led
Wintering blrds
Rubycrowned kinglet 98.4 46.4 — 12.3 — — —
(Regulus calendula) b L
Yellow-rumped warbler 1104 174 — 1.2 — — —
(Dendroica coronata) ¥e .
Rufous-sided towhee 45.9 15.6 — 124 — — —
(Pipilo erythrophthalmus)  ** .
Dark-eyed junco 162.6 3.6 — 20.3 — — —
(Junco hyemalis) 29
Whitecrowned sparrow — 33 — — — — —_
(Zonotrichia leucophrys)
Golden-crowned sparrow 46.7 14 — 8.5 —_ — —_
(Zonotrichia atricapilla) e
Breeding birds
Western kingbird 26.0 6.9 — 37 — — —
(Tvrannus verticalis) )
Ash-throated flycatcher 107.3 20.0 — 4.7 — — —
(Myiarchus cinerascens) Ll .
House wren 105.2 117 — 53 — — —
(Troglodytes aedon) b
Blue-gray gnatcatcher — 438 —_ —_ — — —_
(Polioptila caerulea)
Orange-crowned warbler — 19.2 — — — — —_
(Vermivora celata)
Wilson's warbler — 11.8 — — — — —_
(Wilsonia pusilla)
Black-headed grosbeak — 7.3 — — —_ — —
(Pheucticus melanocephalus)
Northern oriole 1451 14.4 — 5.5 — - —
(Icterus galbula) .

' @ |ikelihood-ratiochi squaresignificant a P < 0.05; ** likelihood ratio chi squaresignificant a P < 0.01.
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Ranch and San Joaquin, although the actual values of these
correlations were relatively small; all rankings with Sierra
Foothill birds were nonsignificant (table 4).

Spatial and temporal differencesin tree-speciesuse were
attributable tomain effectsonly (table 5). Of the birdsoccurring
atmore than 1study arm, all but thebushtit and westernkingbird
exhibited differences in tree-species use between or among
study areas (table 5). Y early differencesin treeusewereshown
fortheplaintitmouse, scrubjay, bushtit, ash-throated flycatcher,
ruby-crowned kinglet, rufous-sided towhee, and yell ow-rumped
warbler (table 5). Of theresident pjrds, the Nuttall’s woodpecker,
plain titmouse, western bluebird, bushtit, and |esser goldfinch
showed seasonal differencesin tree-species use (table5). De-
tailed analysesof thespecific trees used by each speciesat each
study area and during each year and season are presented by
Block (1989).

DISCUSSION

Distributions and habitat-use patterns of wildlife are not
static in timeor spaceand these phenomenaare not peculiarto
Californiaoak woodlands. Variationsin thetypesand relative
abundances of wildlife are attributable to a number of factors.
First, species have different historic distributional patternsas
influenced by geologic events preceding human occupation of
western North America(Landres and MacMahon 1983, Wright
and Frey 1965). These patterns have been modified by humans
and by continued changesin the natural environmentduringthe
Recent Epoch, resulting in an altered landscape. Local events
resulting in bothshort- and long-term effects havefurther acted
toinfluence the patternsthat exist today.

Wefound that spatial variations occurred among (1) sam-
pling points within a stand, (2) floristically- and structurally-
similar stands, (3) different stand types, and (4) geographic
locations. Differences within stands may have been attributed
tolocal environmental conditions. For example, afalen tree
providesalarge volumeof downed dead woody debris, clearly
an important habitat component for many amphibians and
reptiles (Block and Morrison 1990, Welsh and Lind, in press).
Evenaslight changein slope or aspect can resultinameasurably
different microclimateand soil regimewell-suitedtoaparticular
speciesof amphibian, reptile, or small mammal. Distributions of
birdswithin astand can depend on the presenceof suitable nest
sites or other specia habitat components. For example, the
presenceof asuitablegranary treeprovidesanactivity centerfor
agroup of acorn woodpeckers (K oenig and Mumme 1987).

Our pitfall and livetrap data demonstrate some genera
relationships of taxa or species within ataxon to specificstand
types. Salamanders were closely associated with canyon live
oak. This oak generally occurs on mesic, north-facing slopes.
The persistent humus layer created from its sclerophyllous
leaves providesafavorableenvironment for theseamphibians.
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Mammals, particularlydeer mice, wereclosely associated with
valley oak. Thetwo maost common reptilesin oak woodlands,
western fence lizards and Gilbert's skinks, demonstrated an
affinity for blue oak stands which often occur on xeric south-
facing slopes. Thus, macrohabitat differences among stands
provideconditions suitablefor different speciesof wildlife.

Tempora variationsin habitat usecan occur with changing
patterns of resourceabundanceand distribution or accordingto
requirements unigue to each period of a species' life history
(e.g., breeding vs wintering). Temporal variationsin resource
use occurred for al taxa we studied. For example, many
salamandersare subterraneanfor alarge portionof their annua
cycle, surfacing only during thewet part of the year. Habitatuse
by small mammalsoften differs during dispersal of juveniles
from the natal area from habitat-use patterns during other
periods. Many speciesof birdsarepresentonly for ashort period
of the year such as the breeding season or during winter and
migration. Thegeneral lack of concordanceof avifaunasthat we
found between breedingand nonbreedingseasonsdemonstrates
that different assembl agesof speci esextract resourcesfromoak
woodlands during different times of the year. For example,
many insectivorous birds are present during the spring when
insect larvaear e abundant and new insectsareemerging. Seed-
eating birds, such as sparrows and towhees, winter in oak
woodlands to takeadvantageof theabundant seed crops. Birds
that occur throughout the year often shift foraging patterns or
habitats betweenseasonsor yearstotakeadvantageof available
resources. Such shiftsmay bedifferencesin tree-speciesuseor
even more subtle changes in the use of foraging substrates.
Nuttall's woodpeckers, for example, use blueoaks extensively
during breeding and expand their use of treesto other species
during nonbreeding. Western bluebirds take insects from the
ground during most of the year, but eat berriesfrom shrubswhen
ripeduring thefadl and winter (Block 1989).

Theimplicationsof our study demonstratethat management
cannot be based on data restricted in time and space. Data
representative of variationsin distributions and resource use
must provide the basesfor management decisions. Failureto
incorporate such variationwill restrict managementoptions. A
worse-case scenario is that management based on a restricted
data set not representative of the ecology of a species may
ultimately be moredetrimental than beneficial tothewell-being
of that species. .

Thus, what is the appropriate scale of research and of
management? Clearly, the answer to thisquestion dependson
the research and/or management objectives. Species-specific
research must be scaled to the variationsin the biology of the
organism of interest. For example, a species ubiquitousto oak
woodlandsin Californiamight requirethat study be conducted
at various locations throughout the range of that organism.
Further, research must also incorporate temporal variationsin
resourceuse, as many speciesusedifferent resourcesor different
habitats during different times of the year (Block and others
1988, Block 1989). Only by examining a species population
and ecological responsesal ong gradients that encompassenvi-
ronmental variations typically found within the range of the
species can effective management be developed. Speciesthat
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exhibit pronounced ecologica differences among areas will
likely require different types of management depending on
location. Speciesthat exhibit very specific habitat requirements
that vary little across their range may require only one set of
management strategies. Wehave begun analysesusing our data
set todevel op predictive habitat model sfor many of thecommon
species found in oak woodlands. Models will be developed
initially usingdatafrom onetimeand place, and then tested and
refined usingdatafrom other timesand places. Wethink that our
model development will represent the first step in defining
species-specific management strategies. Additional datawill be
needed tofurther test themodel sthat wedevel op. Also, wemust
get adequate data for the species about which we lack enough
information. We believe that this strategy of adaptive man-
agement will eventually provide the necessary information to
permit effective management of wildlifein oak woodlands.
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