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Resource managers require efficient and ac-
curate meansd assessing habitat suitability for
wildlife in land-use planning (Thomas1982).
For example, assessmentsd  habitat suitability
are needed to evaluate potential environmen-
tal effectsd habitat alterations on wildlife or
toidentify potential preservation areas on the
bass d high biologica diversity (Motroni et
al. 1991, Scott et al. 1993).

Field surveysrequired to determine species
using an area generally are time and labor
intensive (Verner 1983). Consequently, most
states have developed computerized wildlife-
information systems to predict habitat occu-
pancy and habitat associationsd wildlife for
different locations and vegetation types
(DuBrock et al. 1981, Mead 1981, Reay 1991).

Wildlife-habitat-relationships (WHR) da-
tabases are matrices to predict the presence or
relative abundance o specieswithin particular
areas or seral stages d vegetation types. More
detailed predictionsinclude habitat suitability
ratingsfor variouslife requisitesd speciessuch
as reproduction, feeding, and cover.

Mog WHR models rely on historical infor-
mation and "'expert opinion" as the bass for
their database. Before actual application, how-
ever, WHR modelsshould be tested (Salwasser
and Krohn 1982, Marcot et al. 1983, Hurley

1986, Verbyla and Litvaitis1989). If a model
does not perform at an acceptable level d ac-
curacy, it should be refined and retested until
it does(e.g., Marcot et al. 1983). Defining the
acceptable accuracy level varies with the spe-
cific application d the model and the objec-
tives d the manager. Hurley (1986) felt that
resource managers were comfortable with ac-
curacy levelsd about 75-80%d thetotal mod-
el output. However, many WHR modédls are
used for making land-use decisionsbeforetheir
accuracy has been assessed.

Over the past decade, state and federal re-
source agenciesand private resource managers
in California have cooperated in the devel-
opment d numerous wildlife-habitat models.
Early attempts were regional models such as
the Wildlife Habitat Information Matrix Pro-
gram (WHIMP [Marcot 1979]) for northwest-
ern Californiaand the Verner and Boss (1980)
model for the western Sierra Nevada
(SNWHR). More recently, an interagency
group cooperated in developing a computer-
ized California wildlife-habitat-relationships
(CWHR) database for the entire state (Airola
1988). Preliminary testsd selected aspects d
both regional and statewide models have in-
dicated that they perform with varying de-
grees d accuracy. For example, Raphael and
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Marcot (1986) found that 11% d the species
predicted by WHIMP were not observed
(commissionerror) and 14% d the species ob-
served were not predicted by the model (omis-
sion error).Dedon et al. (1986)found that com-
missonerrorsd SNWHR varied by vegetation
typeand seral stage, with relatively large num-
bers d commissions (range = 25-78%)noted
inall typesand stagesexamined. Similar results
were shown by Avery and Van Riper (1990)
in testsd the CWHR model.

With the exception o Raphael and Marcot
(1986), most testshave been restricted to birds.
Testsd WHR models typically are limited to
measuring levelsd concordance with predic-
tionsd species presence. Evaluationsd other
model predictions such as habitat suitability
ratingsand residency status must be made be-
fore the validity o the models can be deter-
mined.

We compared predictions o the statewide
CWHR (Airolal988)and theregionad SNWHR
(Verner and Boss1980) models using data col-
lected from 3 locations representing oak
(Quercus spp.) woodland vegetation types in
Cdlifornia. Specifically, we examined predic-
tionsd presenceand seasonal occurrence. We
gathered data for amphibians, reptiles, birds,
and small mammals at al 3 sites.

STUDY SITES

Study siteswere Sierra Foothill Range Field Station
(SFRFS), Yuba County; San Joaguin Experimental
Range (SJER) , Madera County; and Tejon Ranch (TR),
Kern County. These study sites ranged from 1,700—
8,000 ha. All study sites contained primarily oak wood-
lands, although the type and arrangement of oaks dif-
fered among areas. Blue ok (Quercus douglasii), in-
terior live oak (Q. wislizenii), and gray pine (Pinus
sabiniana) dominated SFRFS, with California black
ok (Q. kelloggii), valley oak (Q. lobata), Cdlifornia
buckeye (Aesculus californica), and ponderosa pine
(Pinus ponderosa) also present. Blue oak, interior live
oak, and gray pinedominated SJIER, and TR wasdom-
inated by blue ok but also contained major stands of
valey oak, interior liveoak, canyon liveoak (Q. chrys-
olepis), California black oak, and Brewer's ok (Q.
garryana var. breweri). More detailed descriptions o
the study sitesare found in Block (1989).

METHODS

Most datawerefrom astudy (Blocket al. 1988, Block
1989, Block and Morrison 1991) that included all 3
study sites. Additional datawerefrom along-term bird-
population monitoring study at SIER (Verner 1987,
Verner and Milne 1989).

Data from each study site were tested separately
against predictionsd the CWHR model (Airolal988).
Information used to construgt the database came from
literatureand expert opinion'and included basic habitat
requirements and distributions o vertebrates (Ziener
et al. 1988, 1990a,b). The mode! is partitioned by major
habitat types and various seral stages (habitat stages)
within each type (Mayer and Laudenslayer 1988). Dis-
tribution and habitat information for each specieswere
used to predict presence. residencv status. and habitat
suitability within restricted geographic areas (e.g.,
counties, latitude—longitudeblocks|latilongs], jurisdic-
tional units).

Additional tests using the avian data sets from SIER
and SFRFS were done for the SNWHR model d Ver-
ner and Boss (1980). The format & SNWHR issimilar
to the CWHR, except that it is a regional model ap-
plicableonly to habitats along the westernsloped the
Sierra Nevada, California.

Field Methods

Amphibiansand Reptiles.—We usad pitfall traps to
determine presence d amphibian and reptile species.
Pitfall traps consisted o 3.8-L plastic buckets covered
with plywood elevated 5-10 cm above the lip d the
bucket. Traps were arrayed in 6 x 6 grids with 20-m
between traps. We placed 13 grids a TR and 4 each
at SIER and SFRFSfor a total of 740 traps (16 traps
destroyed by cattle were excluded from the analysis).
We rotated the order in which we opened grids to
account for spatial and temporal variationsin environ-
mental conditions and animal activity (Block et al.
1988). Traps were monitored during fall, winter, and
spring, 1987-1989for atotal d 98,592trap days. Traps
were examined every 2-4 days. Captures were iden-
tified and removed from the trapping grid.

We measured habitat characteristics within a 5-m
radiusd each pitfall station. Information from all sta-
tions was combined to characterize habitat for the en-
tire grid. Cover & woody vegetation by species was
recorded for 4 height intervals(0-1m, >1-2 m, >2-5
m, >5 m) at 10 point intercepts at 1-m intervalsalong
a random bearing bisecting the center o the plot. We
measured the heightsdf <3 trees using a clinometer.
When >5 trees were present within the plot, we mea-
sured the tree nearest the 2-, 4-, 6-, 8-, and 10-m point
intercepts. More detailed descriptionsd the methods
used may be found in Block and Morrison (1991).

Birds.—Bird species presence was sampled using a
point-count procedure (Reynolds et al. 1980, Verner
1985). Observersrecorded all birds detected by sight
or sound within a 100-m radius for 5 minutes. Five
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highly skilled and trained observers conducted point
counts. All observersspent at lesst 1 month learning
bird vocalizationsand behavior patterns prior to con-
ducting counts. Effort wasdistributed among observers
to ensure that each counting station was sampled by
=2 individuals during a given season to minimize bi-
ases for detecting and correctly identifying species
(Verner 1987). We established 100-103 counting sta-
tionsat each study area. We omitted counting stations
from our analyses (described below) which did not
correspondtoa CWHR or SNWHR habitat stage. Points
were spaced 300-400 m apart to minimize the prob-
ability d recording the same individua at adjacent
points. Each point was sampled 3 times each breeding
season (Mar-May)and 5 times each nonbreeding sea-
on (Oct-Jan).Counts were conducted during 3 breed-
ing (1986-1988) and 2 nonbreeding (1986-1987 and
1987-1988) seasons at TR and 2 breeding (1987-1988)
and 1 nonbreeding (1987-1988)season at both SIER
and SFRFS. Moredetailed descriptionsd the methods
used are given in Block (1989).

Habitat characteristics were measured at three 0.14-
hacircular plots (20-m radius) randomly placed within
the 100-m radius o each counting station. Tree di-
ametersweremeasuredwithaBiltmorestick and heights
with a clinometer. The horizontal width o all tree
crowns was measured in 2 perpendicular directions,
and these measures were applied to the generalized
ellipse equation (Selby 1970:13) to estimate canopy
cover.

Small Mammals.—Small mammal species were
sampled using the amphibian and reptile pitfall traps
and Shermanlive traps(H. B. Sherman, P.O. Bax 20267,
Tallahassee, FL 32316). Traps were arrayed in 8 x 8
grids with 15-m between traps. Twelve grids were es-
tablished at TR and 4 each at SIER and SFRFS. We
trapped small mammals throughout 1988-1990, ac-
cumulating 21,392 nights o trap effort (8,996 at TR,
8,758 at SIER, and 3,638at SFRFS). Captured animals
wereidentified, aged, measured, marked, and rel eased.
Habitat characteristicswere measured at al pitfall and
live-trap stations (n = 1,280) using the methods de-
scribed above for amphibian and reptile habitat. Data
from al trapping stationsin each grid were pooled to
provide asingle sample.

Data Analysis

Data from all 3 study sites were compared to the
WHR modelsfor predictionsd species presence; only
the avian data were compared with predictionsd res-
idency status. We input the following information to
CWHR to generate predictions: habitat type and stage,
study area location by latilong, a list d elements to
exclude, and taxonomic group. We excluded only el-
ementswith no chance d occurring at asite (e.g., tidal
pools, wharfs, jetty, kelp). By including most elements,
the species ligts provided by CWHR included many
species not likely to occur in the area (i.e., commission
errors) but minimized omisson d species.Weretrieved

data for the SNWHR model from the matrices pro-
vided by Verner et al. (1980:79-92).

Data from each d the 3 areas were compared to
CWHR separately; because SIER and SFRFS were the
only study sitesin the western Sierra Nevada, only data
from SIER and SFRFS were usad to test the SNWHR
model. All testsd” the SNWHR model were restricted
to bird species predictions.

Because our field methods for birds were biased to-
wards detecting terrestrial species (primarily passer-
ines), we considered only these speciesin our compar-
isons. Nocturnal species(e.g., owlsand nightjars),diurnal
raptors, and waterbirds were excluded from our anal-
yses. We evaluated all commissionsto determine if our
failure to detect them could be explained by the ab-
sence d specia habitat elements.

Avian Data Sets. —Wecal culated the quadratic mean
for tree diameters (Mayer and Laudenslayer 1988:12)
using theequation given by Husch et al. (1982:23). The
quadratic mean for tree diameter and percent tree
canopy cover were used in a cluster analysis to group
census points into habitat types and stages defined by
the CWHR model (Mayer and Laudenslayer 1988).
Mean tree height and percent canopy cover were used
in cluster analyses to classify census points to habitat
typesand stagesdefined by the SNWHR model (Verner
and Boss 1980). We used an unweighted pair-group
method (UPGMA)J cluster analysis based on the Eu-
clidean distancebetween observations(Pielou 1984:13-
82).

We compared listsd speciespredicted by the models
with thosefound during bird countsto determine con-
cordance and discordance. We compared the residency
statusgiven by the model for detected specieswith our
observations(Block 1989:31-42) by noting whether the
empirical data matched the predictionsd the models.

Sampling Effort and Temporal Considerations. —
To determine the sampling effort needed to evaluate
WHR models, we used a bootstrap technique (Efron
1982:29-36) to estimate the number d counting sta-
tions needed to detect all species present. We subsam-
pled with replacement the number o species detected
at counting stationsat 1-station increments. Two-hun-
dred and fifty subsamples were taken for each incre-
ment. We used the st & meansfor each increment in
a nonlinear regression (Draper and Smith 1981:458-
517) to estimate the asymptote, hence the number o
counting stations required to account for most species
present.

We used Verner's data set (Verner 1987) consisting
d point countsdone at SJER during the breeding sea-
sonsd 1985-1990 to evaluate the number d yearsan
area should be surveyed to determine the species pres-
ent. Two hundred and ten counting stationswere sam-
pled by 3-7 observersrecording all birdsseen or heard
during a5-minute period at each counting station. We
evaluated the number d years needed to detect the
maximum number d species by calculating the mean
number d birds detected for each yearly increment.

Small Mammals and Herpetofatma. — We classified
each pitfall and live-trap grid to the appropriate WHR
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Table2. Characterigicsd habitat stagesof the Serra Nevada wildlife-habitat-reationships (SNWHR)model
(Verner and Boss 1980) tested at 2 study areasin California, 1986-1988.

San Joaquin Serra Foothill
Variable GPO-3A* GPO-3A GPO-38

Number o bird counting stations 102 60 /1
Tree height® (m) 10.2(0.3) 8.0(0.2) 8.5(0.1)
Tree canopy cover® (%) 22.5(1.2) 24.3(1.3) 49.0(1.7)
Frequency®

Blue ek 89 59 41

Interior live ek 89 54 39

California black oak 0 7 11

Gray pine 56 39 35

'GPO = Gray pine—oak habitat.
» Mean (standard error).
Number o counting stations whereit occurred.

pole-medium sized trees providing from 40-
69% canopy cover.

Sampling Effort and Temporal Consider-
ations.— The functions derived by bootstrap-
ping approached asymptotes between 52 and
94 species (Table 3). The asymptote for TR
during the breeding season was approached at
about 72 species, which was achieved after
sampling 50 counting stations (Fig. 1A). For
the nonbreeding season, the asymptote was ap-
proached at about 52 species, or 51 counting
stations(Fig. 1A). At SJER, the asymptote was
approached with 84 speciesand 56 stationsfor
breeding and 61 speciesand 55 stationsfor the
nonbreeding season (Fig. 1B). At SFRFS, the
bootstrap curve approached theasymptotewith
approximately 94 speciesand 51 counting sta-
tionsfor breeding and 52 speciesand 50 count-
ing stationsduring the nonbreeding season (Fig.
1C). The distribution o residuals (Fig. 1) in-
dicated that the functions derived by boot-
strapping overestimated the number o spe-
cies, hence the number d counting stations.
Thus, our resultsare conservative because they
may actually overestimate the number o
counting stationsneeded for an adequate sam-
ple. The curve d the length d time needed
to recordall speciesdid not appear to approach
asymptote at =6 yearsd sampling (Fig. 2).

These results suggest that the spatial extent
d our sampling efforts was adequate for 3 d

the 12 CWHR habitat stages surveyed and 2
d the 3 SNWHR stages sampled. Estimates o
commission and omission errors for the stages
sampled inadequately may be biased, with
commissionsbei ng overestimated and omissons
underestimated. Consequently, we reported
only errors & omisson for these stages rec-
ognizing that these probably represent only a
proportion d the totad number o such errors.
Commissions were reported only for stages
sampled by enough counting stations.

Avian Analyses Using CWHR.—From 46~
71%d thespecies predicted by the model were
detected during field surveys, averaging 61.4%
(n=12,SE = 1.7)for breeding and 57.7%(n
= 12, SE = 2.1)for nonbreeding seasons(Table

Table3. Number of bird speciesdetected at the as
ymptotesdf functionsresulting from nonlinear regres-
sion analysesof bootstrap means.

Confidence limits

Study area Mean number

Season o species L ower Upper
Tegon Ranch

Breeding 72.2 71.2 73.2

Nonbreeding 51.6 50.9 52.2
San Joaquin

Breeding 83.7 82.5 84.8

Nonbreeding 61.2 60.1 62.2
Serra Foothill

Breeding 93.8 92.5 95.2

Nonbreeding 52.4 51.6 532
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Fig.1. Bootstrapanalysesof the number of speciesdetected (solid marker s)showingthedistribution of resduals
(open markers) with increasing sampling effort of counting stationsduring breeding and nonbr eeding seasons,
1986-1988, at (A) Tgjon Ranch, Kern County; (B) San Joaquin Experimental Range, Madera County; and (C)
Serra Foothill Range Field Station, Yuba County, California.

4). The CWHR model correctly predicted the
resdency statusd 4856%d the species.

Commission errors ranged from 29-44%d
thespeciespredicted for the 3 common habitat
dages, averaging 33.3%(n = 3, &£ = 5.0)dur-
ing breeding and 23.0% (n = 3, SE = 0.3)
during nonbreeding seasons (Table 4). Mot
commissonerrorswered speciespredictedto
occupy habitats d high suitability, averaging
52.3%(n = 3, SE = 1.5) d all commissons
recorded during the breedingseason and 62.3%
(n = 3, SE = 0.3) during the nonbreeding
Season.

Omission errors ranged from 6-39% o all
speciesdetected, averaging 19.2%(n = 12, SE
= 3.2)during breedingand 19.8%(n = 12, SE
= 2.9) during nonbreeding seasons (Table 4).
Curioudy, the highest number  omissions
were recorded for habitat stages sampled by
limited number  counting stations, such as
the MH sagesat TR, VC-3M at SIER, and
VC-3M and VC-3D at SFRFS (Table4).

Avian AndysesUsing SNWHR.—From 62-
80%d thespeciespredicted by SNWHR were
recorded in the held, averaging 76.0%(n = 3,
SE = 2.1)during breeding and 67.3%(n = 3,
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Fig. 1. Continued.

S = 3.0) during nonbreeding seasons (Table
5). The SNWHR model correctly predicted the
residency status d 61-78%d the species.
Commission errors averaged 22.5%(n = 2,
SE = 2.5) for the breeding season and 33.3%
(n= 2, SE = 2.4)for the nonbreeding season
(Tableb). Over one-haf o all commission er-
rorswere speciespredicted to occur in suitable
habitat, averaging 51.5% (n= 2, SE = 3.5)for
the breeding and 51.5% (n = 2, SE = 1.5) for
the nonbreeding season. An average d 18.0%
(n= 3, SE = 4.6) d the specieswere omitted
from model predictionsfor the breeding season

Number of Species

2
=}
.

1 2 3 4 5 6
Number of Years

Fig.2. Number o speciesdetected (meanissolidline,
gandard error is dotted line) with increasing years of
sampling effort at San Joaquin Experimental Range,
Madera County, California, 1985-1990.

and 16.3%(n = 3, SE = 1.2) for the nonbreed-
ing season (Tableb).

Amphibians, Reptiles, and
Small Mammals

Pitfall and livetrap grids at SIER sampled
3 CWHR habitat classes (VC-3S, VC-3P, and
VC-3M), 3 at SFRFS (VC-3P, VC-3M, and
VC-3D), and 9at TR (VH-3S, VH-3P, VH-4P,
VH-4M, VH-5S5 MH-3P, MH-3M, MH-4S,and
MH-4D).

An average d 14.8% (n= 12, SE = 1.0) o
the amphibian species predicted for each hab-
itat stage were captured (Table®6). Eight omit-
ted amphibian species were found in the 12
habitat stages sampled. About 41% (n = 12,
SE = 4.8) d the predicted reptiles were cap-
tured with 4 omitted species recorded. An av-
eraged 32.3%(n =15, SE = 3.3)d thesmall
mammals predicted by the models were cap-
tured in the pitfall or live traps; 14 omitted
species were recorded among the 15 habitat
stages sampled.

DISCUSSION

Our results call into question the accuracy
d WHR-type databasesin California. Wheth-
er theseresultsextend to wildlife-habitat mod-
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Table 4. Comparison between California wildlife-habitat-relationshipf CWHR) predictionsand field data d
bird species occurrence at 3 study sites for breeding (B) and nonbreeding (N) seasons, 1986-1988.

No, species
predicted % found % mmmission® % omission”
Habitat type Stage! Location' B N B N B N B N
Valley-Foothill Hardwood-Conifer ~ 3S SER 97 65 56 57 4 42 10 12
3s SFRFS 96 69 60 53 14 10
3P SER 94 63 70 67 12 10
3P SFRFS 94 65 69 67 81 32 16 14
3M SER 82 56 61 56 24 23
3M SFRFS 78 60 64 39 21 26
3D SFRFS 66 45 58 57 38 31
4s SFRFS 93 67 54 46 16 14
Valley-Foothill Hardwood 4P TR 89 60 71 70 30 29 6 16
5P TR 89 59 55 51 6 9
Montane Hardwood 3D TR 58 37 64 60 36 39
4D TR 57 37 56 49 31 33

* (No. species found that were predicted/no. species predicted) x 100.
"(No. species not found but predicted/no. speciespredicted) x 100.
* (No. species omitted /no. speciesfound) x 100.

13 = pole tree (15-28 cm); 4 = small tree (29-80 em); 5 = medium-largetree (>61 cm); S = sparse(10-24%); P = open (25-39%); M = moderate (40—

59%);D = dense (60-100%).

* SEER = San Joaguin Experimental Range; SFRFS = Sierra Foothill Range Field Station; TR = Tejon Ranch.

ds d other states is unknown and cannot be
evaluated until those modelsare validated. Our
resultsand thosed similar testsdone elsewhere
(e.g., Timothy and Stauffer 1991), however,
clearly demonstrate the need to test all WHR
databases.

Our analyses were done at different levels
toevaluate different aspectsd the models pre-
dictions. The most basic comparisons were to
evaluate whether predictions o species oc-
currence matched our field observations. Three
results were possible: species predicted were
detected; speciesdetected were not predicted;
or species predicted were not detected. The

first possibility represents an accurate predic-
tion; the second possibility isan inaccurate pre-
diction. Thefailure to detect species predicted
by a model, the third possibility, may or may
not be attributed to inaccurate predictions o
the model (Dedon et al. 1986). Such instances
may indicate insufficient sampling to locate al
species present. Insufficient sampling can re-
sult from using inappropriate methods or by
not sampling long enough or over a large
enough area to detect all species present.

Our bootstrap analyses indicated that sur-
veys need to be conducted for >5 years and
include >50 counting stations to minimize

Table5. Comparisond predictions by Sierra Nevada wildlife-habitat-relationshipg SNWHR)and field records
d bird speciesoccurrence in gray pine-oak habitat at 2 study sitesfor breeding (B) and nonbreeding (N)seasons,

1986-1988.
Habitat No. species predicted % found' % commission’ % omission‘
stage’ Location" B N B N B N B N
3A SJER 9 63 75 68 25 32 14 17
A SFRFS 92 62 80 72 20 28 13 18
3B SFRFS 74 63 73 62 27 14

* (No, species found and predicted/no. species predicted) x 100.
" (No species not found but predicted/no. species predicted) x 100.
(No. species omitted/no. species found) x 100.

13 = trees6.1-15 m tall; A = 0-39% canopy cover; B = 40-69% canopy cover.
* SJER = San Joaguin Experimental Range, SFRFS = Sierra Foothill Range Field Station.
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Table6. Comparisonof predictionsof California wildlife-habitat-relationships (CWHR) with actual field data
for amphibians, reptiles (excluding snakes), and small mammalsat 3 oak woodland sites in California from

spring-fall, 1986-1988.

Amphibians Reptiles Small mammals

Habitat type Stage®  Location® Nd P F C O P F C O P F C O
Valley-Foothill Hardwood-Conifer 3S  SIER 2P,1IL 10 1 9 1 9 3 6 O 9 2 7 1
3P SIER 2P, 1L 10 1 9 1 6 3 3 1 8 2 6 2

3 SFRFS 1P, IL 8 1 7 0 6 3 3 0 7 3 4 2

M SIER 2L 3 10461

M SFRFS 1P,2L 9 2 7 0 6 3 3 1 6 2 4 2

3D SFRFS 2P, 1L 9 1 8 1 5 3 2 0 7 2 5 2

Valley-Foothill Har dwood 3S TR 2L 12391
3P TR 2L 12391

4P TR 2P 120120 8 17 0 14770

M TR 1P 101 9 0 8 1 7 O 8 4 40

58 TR 3P, 2L, 12 2 10 0 9 4 5 0 101 9 2

Montane Har dwood 3P TR 1P,2L 51 4 0 41 3 0 8 3 50
M TR 1P,1L 5 1 4 0 3 1 2 O 7 1 6 0

4S TR 1IP,2L 5 1 4 0 4 2 2 0 8 4 4 1

4D TR 4P, 1L 4 1 3 3 5 3 2 O 3121

* P = number of species predicted by CWHR; F = number of predicted species found; C = number of predicted species not detected; O = number of

species found that were omitted from CWHR predictions.

b3 = pole tree (15-28 cm); 4 = small tree (29-60 cm); 5 = medium-large tree (>61 cm). § = sparse cover (10-24%); P = open (25-39%); M = moderate

(40-59%); D = dense (>60%).

'SIER = San Joaquin Experimental Range, SFRFS = Sierra Foothill Range Field Station; TR = Tejon Ranch

4 P = number of pitfall grids, L = number of livetrap grids.

species not detected. Consequently, we may
not have sampled long enough for all habitat
stagesand the spatial extent d our efforts may
have been adequate for only 3 CWHR habitat
stages (VC-3S at SJER, VC-3P at SFRFS, and
VH-4P at TR) and 2 SNWHR stages (GPO-3A
at SER and GPO-3A at SFRFS). Thus, we
restricted our analyses of commissions to only
these 5 stages. Further, the size o each o our
study sites may not have sampled al o the
variation in habitat within each latilong, po-
tentially leading to greater numbers o com-
mission errors. We excluded few habitat ele-
ments when we generated species lists from
CWHR. By excluding few elements, lists in-
cluded far more speciesthan actually occurred
a asite, resulting in greater commissions. The
trade-off, however, was that as more species
were committed, less were omitted, and vice
versa. Thelarge numbersd commission errors
that we found were not unique to this study.
Dedon et al. (1986), Hejl and Verner (1988),
and Avery and Van Riper (1990) adso noted

that many species listed by the models were
not found during field surveys. Dedon et al.
(1986) concluded that extensive commission
errors were by design d the model developers
to include al species that had even a dlight
chance o occurring. Avery and Van Riper
(1990)suggested that errorsd commission were
to be expected given the varied sources from
which the WHR databases were constructed.
Thus, commissionsare probably not fatal flaws
in the models.

Avery and Van Riper (1990) considered er-
rors d omission to be far more serious than
errors o commission. They found numerous
speciesomitted from CWHR, even though their
sampling efforts were less extensive than ours
(i.e., sampled fewer points, limited to 1 study
area). We aso found a substantial number o
speciesomitted from predictions o both mod-
els. Somespecieswereomitted entirely, where-
as others were omitted from a specific habitat
stage or from a season where the animal oc-
curred. The CWHR model was particularly
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poor in predicting the occurrenced many finch
species within montane hardwood habitats at
TR. Similarly, Avery and Van Riper (1990) in
oak woodlandsand Hejl and Verner (1988) in
Shasta red fir (Abies magnifica) forests found
that numerousfinches were omitted from pre-
dictionsd CWHR.

Residency Status

The models failed to predict the residency
statusdf 32-52%d the specieswithin any hab-
itat stage. Many errors (n = 302) were attrib-
utable to omitted species. Werecorded a num-
ber d instances (n = 155) when we found
speciesduring only 1 season (breeding or non-
breeding) that were predicted to occur year-
round. Some d these cases may represent spe-
ciesthat were present but not detected during
our surveys. Species that occurred year-round
but were predicted to occur only during 1 sea-
son, however, represent definite errorsin pre-
dictionsd residency status. Similar conclusions
werereported by Avery and Van Riper (1990).
Many such errors in residency are easily cor-
rected in the databases.

CWHR versus SNWHR

The SNWHR model seemed more accurate
than the CWHR model when comparing re-
sultsfrom SJER and SFRFS, areas where both
models were tested. We found fewer errors o
omissionfor SNWHR than for CWHR (Tables
4 and 5). Further, fewer commissions were
recorded for the SNWHR model compared to
the CWHR model (Tables4 and 5). The dif-
ference in model performance is possbly be-
cause CWHR is a statewide database and
SNWHR is restricted to the western sope o
the Sierra Nevada. Thus, CWHR develops a
model for a species within each habitat type
for the entire state and adjusts specieslists ac-
cording to the known geographic range d the
species. SNWHR develops habitat-specific
modelsapplicable to asmaller geographic area.

Many differences in accuracy between the
models may be attributed to the differencesin
the geographic scaesat which the modelswere
developed.

MANAGEMENT IMPLICATIONS

The primary use of WHR models in Cali-
fornia is to provide lits of species that might
befound at a particular location. The lists pro-
vided contained speciesthat were not detected
and failed to include many species that did
occur (302 cases d omitted species). An ar-
gument can be made that high rates & com-
mission errors prevent critical errors & omis-
sionfrom being made. Unfortunately, omissons
still occur asnoted by us and other evaluations
o these models (e.g., Dedon et al. 1986, Ra
phael and Marcot 1986, Hejl and Verner 1988,
Avery and Van Riper 1990, Timothy and Stauf-
fer 1991).

Certainly a major problem underlying in-
accuraciesd WHR models is the scaled aob-
servation. Even regional models such as
WHIMP or SNWHR encompass large geo-
graphic areas containing many variations in
vegetation types, seral stages, and loca con-
ditions. Expectationsd these modelsto predict
habitat occupancy and suitability accurately
in specific locationsare perhaps unreasonable.
Likely, accuracy & modelswill improveif they
are developed for smaller geographic aress.
Models must continually undergo validation
through tests such as ours. Overall model per-
formanceshould improveasit isvalidated and
revised.

We recognize the need for computerized
databasesfor rapid retrieval o wildlife habitat
and distribution information. Information pro-
vided by a model, however, is only as good as
the data from which it is derived. The data
that comprise the models must be evaluated
critically to identify model accuracy and de-
tail. Species lacking adequate data should be
targeted for research to obtain information
needed. Until these data areincorporated into












