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Knowledge of the diversity and 
abundance of vertebrates in rela- 
tively undisturbed oak woodlands 
could be used as a baseline for 
evaluating natural and human- 
caused perturbations. High num- 
bers of terrestrial vertebrates 
were found in well-structured oak 
woodland at a study site in the 
Central Coast region. Within 
classes of terrestrial vertebrates, 
woodrats, dark-eyed juncos and 
slender salamanders exhibited the 
strongest habitat associations. 
Dense oak woodlands with shrubby 
understory and downed woody 
material supported the greatest 
numbers of vertebrate fauna. 

In much of California’s 7 million acres 
of oak woodlands, grazing, wood cut- 
ting, row cropping, road building and 
development have altered the habitat 
to the extent that much understory 
vegetation and downed woody mate- 
rial have been removed. These alter- 
ations have had mostly unknown con- 
sequences on oak woodland fauna. 
Knowledge of the diversity and abun- 
dance of vertebrates in relatively unal- 
tered woodlands could be used as a 
baseline for evaluating natural and an- 
thropogenic disturbances in California 
oak woodland. 

Camp Roberts, a military training 
site of the California Army National 
Guard, is located in northern San Luis 
Obispo and southern Monterey Coun- 

ties, 11 miles north of Paso Robles. The 
facility covers 43,800 acres, of which 
approximately 17,800 acres (41 %) are 
classified as oak woodland. Most of 
the woodland in the areas referred to 
as ”the hill country,” the steep, rugged 
southwestern part of the installation, 
receives minimal use by military per- 
sonnel and is not managed for live- 
stock, woodcutting or other land-use 
activities. 

In the summer of 1993, we estab- 
lished nine square 14-acre sampling 
plots. On each plot we laid out a grid 
comprised of 289 intersections. Be- 
ginning in fall 1993, we sampled 
small mammals, birds, amphibians, 
reptiles and vegetation on these 
plots. 
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Our work at Camp Roberts is part 
of a long-term study to establish a 
baseline for relatively unperturbed 
oak woodland -that is, what abun- 
dances and diversities of vertebrates 
are possible in the absence of human 
intrusion. In addition, this study can 
be used to indicate what degraded 
habitats could support with appropri- 
ate habitat-improvement measures. 
The baseline data also will be used for 
evaluating the response of terrestrial 
vertebrates to a prescribed burn treat- 
ment, which was conducted in Octo- 
ber 1997. This report highlights our 
baseline findings in oak woodland at 
Camp Roberts. 

Vegetation sampling 
In the spring and summer of 1995, 

we sampled vegetation at grid inter- 
sections on each of the nine study 
plots. Using several vegetation sam- 
pling techniques, we recorded tree 
species; breast-height diameter (dbh); 
number of saplings; and vegetative 
cover of trees, shrubs, ground veg- 
etation and downed wood. We also 

collected and weighed a sample of 
ground litter (grass, leaves and other 
vegetative debris) at each vegetation 
sampling intersection. 

Animal sampling 
Small mammal trapping was con- 

ducted in October 1993 and in October 
and May 1994-1996, for a total of 7 
trapping sessions. A single Sherman 
live trap (3  inches by 4 inches by 12 
inches) was placed at each of the 289 
intersections on each of the nine study 
plots. Traps were baited and checked 
once daily after each of 5 consecutive 
nights. Captured animals were 
marked with uniquely numbered ear 
tags and released. 

Two or three field biologists, 
trained to identify birds by sight and 
sound, recorded pairs of breeding 
birds during the springs of 1994-1996 
by spot mapping. Spot mapping con- 
sisted of recording the species, loca- 
tion and activity of each detected bird 
along four evenly spaced grid lines in 
each study plot. Eight to 12 separate 
visits per plot were conducted each 

spring. After each field season, we 
used our field data to delineate (i.e., 
map) bird territories by species and 
study plot. 

thick 24-inch-square plywood board 
("coverboard) flush with the ground 
within 6 feet of each intersection on al- 
ternate grid lines on each plot. Every 7 
to 10 days during late January through 
April of 1995 and 1996 we recorded 
the species and locations of amphib- 
ians and reptiles observed under the 
coverboards. 

Data analyses 
We used Spearman rank correlation 

( r  to assess habitat associations for 
the six most abundant (2 130 individu- 
als captured per 7 trapping sessions) 
small mammal species; four most 
abundant (2 10 territories occurring on 
2 8 plots in 2 2 years) bird species; and 
four most abundant (2 96 observa- 
tions) amphibian and reptile species. 
Species with strong positive or nega- 
tive preference for certain habitat com- 
ponents should have high correlation 

In 1994, we placed a single 0.5-inch- 
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coefficients, either negative or posi- 
tive, with the variables that measure 

tat associations. Correlations were 
considered significant when P I0.05. 

those habitat components. Therefore, 
we considered the vertebrate species Habitat characteristics 

with the highest average correlation 
coefficients to have the strongest habi- 

Across all nine study plots, stand 
composition was 56% to 100% blue 
oak and 0% to 44% coast live oak. Den- 
sity of live trees (including saplings) 
ranged from 321 to 1,139 stems per 
acre, and density of standing dead 
trees (snags) ranged from 22 to 89 per 
acre (table 1). Live tree canopy and 
shrub cover ranged from 40% to 70% 
and 0% to 35% of plots, respectively. 
Grass, forbs, downed wood and 
unvegetated ground comprised the 
ground cover and varied among plots 
(table 1). Litter weight varied from 816 
to 2,670 pounds per acre. 

Small mammals 
Species richness and numbers. 

During 88,910 trap-nights, we accumu- 
lated 17,520 captures of 6,557 individ- 
uals of 10 species of small mammals 
(table 2). Trap-nights, a measure of 
sampling effort, is calculated by multi- 
plying the number of traps by the 
number of nights traps were open. Of 
the 6,557 individuals we captured, 
36% were dusky-footed woodrats 
(Neotoma fuscipes), 18% were piiion 
mice (Peromyscus truei), 18% were Cali- 
fornia pocket mice (Perognathus 
californicus), 15% were brush mice 
(Peromyscus boylii), 9% were deer mice 
(Peromyscus maniculatus) and 2% were 
California mice (Peromyscus califor- 
nicus). Among these species, trap suc- 
cess (the number of captures per trap- 
night) was highest for woodrats 
(10.0% of all captures) and lowest for 
California mice (0.5% of all captures); 
average number of captures per ani- 
mal was highest for woodrats (3.8) 
and lowest for deer mice (1.6). Four 
species had fewer than 400 captures 
per 7 trapping sessions (table 2). We 
occasionally captured California ground 
squirrels (Spermophilus beecheyi) and 
Botta’s pocket gophers (Thomomys 
bottae), but did not record these captures. 

Habitat relationships. California 
mice, woodrats and piiion mice were 
more abundant in areas with higher 
percentages of shrub cover, canopy 
cover and downed wood cover (fig. 1, 
table 3). Canopy cover was most im- 
portant for brush mice (fig. 21, 
whereas shrub cover was most im- 
portant for woodrats, California mice 
and piiion mice. Deer mice were 
more abundant where the ground 
was sparsely vegetated (fig. 3). 
Across all habitat variables, woodrat 
populations exhibited the strongest 
ties, whereas deer mice exhibited the 
weakest habitat relationships. Cali- 
fornia pocket mice were not signifi- 
cantly correlated with any habitat 
variable we measured. 

Birds 
Species richness and numbers. 

We delineated territories for 23 bird 
species after 303 visits in the spring of 
each year, 1994 through 1996. Territo- 
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A The species and locations of the amphibians and reptiles ob- 
served under the 2-foot-square coverboards were recorded. The 
common kingsnake was one of six snake species observed. 

ries were not delineated for more than 
50 other species for which fewer than 3 
detections of each species were re- 
corded per spring or because the spe- 
cies’ behavior precluded such delinea- 
tion - for example, scrub jays 
(Aphelocom coerulescens). Plain titmice 
(Parus inoratus), dark-eyed juncos 
(Junco hyernalis), white-breasted 
nuthatches (Sitta carolinensis) and 
house finches (Carpodacus mexicanus) 
had the greatest number of territories 
on the study plots (table 4). 

Habitat relationships. Trends in 
habitat use were inconsistent among 
the four most abundant species we ob- 
served at Camp Roberts (table 3). 
However, areas with dense tree 
canopy, heavy shrub cover and deep 
litter were important for plain titmice, 
dark-eyed juncos and house finches. 

4 Of the 6,557 individual small mammals captured, 36% were 
dusky-footed woodrats. Woodrats exhibited the strongest ties to 
the habitat variables that were measured and were most abun- 
dant in areas with higher percentages of shrub cover, canopy 
cover and downed wood cover. 

Of the habitat variables we measured, 
litter weight was the habitat variable 
that most influenced the abundance of 
dark-eyed juncos (fig. 4) and house 
finches. Percent canopy cover was the 
most important habitat variable for 
plain titmice, whereas percent cover of 
downed woody material was the most 
important habitat variable for white- 
breasted nuthatches (fig. 5). Juncos ex- 
hibited the strongest habitat relation- 
ships across all habitat variables. Plain 
titmice exhibited the weakest correla- 
tions across all habitat variables. Only 
dark-eyed juncos and white-breasted 
nuthatches were significantly corre- 
lated with any habitat variables. 

Amphibians and reptiles 
Species richness and numbers. 

We recorded 2,658 observations of 15 
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Fig, 1. Total number of individual California mice, dusky-footed 
woodrats and piiion mice captured per plot on nine 14-acre plots 
in blue oak woodlands of Camp Roberts during fall 1993 and 
spring and fall 1994-1996. 

to 17 species of amphibians and rep- 
tiles during 33,728 coverboard 
checks in 1995 and 1996 (we prob- 
ably recorded multiple observations 
of the same individual in some in- 
stances): 5 or 6 species of lizards, 
2 or 3 salamanders, 6 snakes, 1 frog 
and 1 toad (table 5). Skinks (Eurneces 
skiltonianus and potentially E .  gil- 
berti), western fence lizards (Scelo- 
porus occidentalis), slender sala- 
manders (Batrachoseps nigriventris 
and potentially B. pacificus) and go- 
pher snakes (Pituophis rnelanoleucus) 
were the four most abundant species, 
40%, 24%, 19% and 4% of total obser- 
vations, respectively, and 3.1 %, 1.9%, 
1.5% and 0.3% of total possible ob- 
servations, respectively. Eleven other 
species were observed fewer than 95 
times. 

l Brush mice 
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Fig. 2. Total number of individual 
brush mice captured per plot on nine 
14-acre plots in blue oak woodlands 
of Camp Roberts during fall 1993 and 
spring and fall 1994-1996. 
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Fig. 3. Total number of individual deer 
mice captured per plot on nine 14-acre 
plots in blue oak woodlands of Camp Rob- 
erts during fall 1993 and spring and fall 
1994-1 996. 

Habitat relationships. The four 
most abundant species of amphibians 
and reptiles were all positively corre- 
lated with percent forb cover, percent 
downed wood cover and litter weight; 
they were negatively correlated with 
percent grass cover (table 3).  Percent 
tree canopy cover, percent shrub 
cover, percent unvegetated ground 
cover and litter weight were the stron- 
gest correlated habitat variables for 
slender salamanders, gopher snakes, 
skinks and western fence lizards, re- 
spectively (table 3).  Slender sala- 
manders exhibited the strongest habi- 
tat correlations across all habitat 
variables. Western fence lizards exhib- 
ited the weakest habitat correlations 
across all habitat variables. Only slen- 
der salamanders and gopher snakes 
were significantly correlated with any 
habitat variables. 

Richest in vertebrates 

We were surprised by the high 
numbers of vertebrates we observed in 
the oak woodland at Camp Roberts. 
Our findings support the often-quoted 
statement that oak woodland is the 
richest in vertebrate species of the ma- 
jor habitat types that occur in Califor- 
nia. For example, in the densest, most 
well-structured habitats, we caught a 
small mammal in almost every trap. 
Compared to other terrestrial verte- 
brate taxa, oak woodland is unusually 
rich in bird species. This study sup- 
ports that finding. The number of ter- 
ritories we documented for plain tit- 
mice, dark-eyed juncos and several 
other species is equal to or greater 
than the number in any other study of 
oak woodlands. The high number of 
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Fig. 4. Average annual number of dark- 
eyed junco territories per plot on nine 14- 
acre plots in blue oak woodlands of Camp 
Roberts during spring 1994-1996. 

detections of herpetofauna under 
coverboards was also unexpected. 
Coverboards have proven to be a use- 
ful method to sample herpetofauna in 
our study. They are inexpensive and 
easy to install, maintain and monitor 
compared to other sampling tech- 
niques, and have obvious applications 
for rapidly assessing herpetofauna di- 
versity and indexing abundance. 

Lacking cause-and-effect relation- 
ships, we can only speculate about the 
habitat relationships of some verte- 
brate species we observed. With the 
exceptions of pocket mice and deer 
mice, shrub cover was important to 
the six most abundant small mammals 
we captured. All are woodland species 
that require dense overhead cover for 
escape and foraging habitats. The Cali- 
fornia pocket mouse is a species of 
open areas; dense ground cover inhib- 
its its movements. Deer mice are habi- 
tat generalists (both within and with- 
out oak woodland), which probably 
led to low preference for any mea- 
sured habitat variables. 

Among birds, the amount of 
ground litter was important to house 
finches and dark-eyed juncos. Both are 
ground feeders, and the dark-eyed 
junco is a ground nester. A well- 
developed litter layer probably sup- 
ports a large arthropod community for 
feeding, provides seeds for foraging 
and provides camouflage for nesting. 
Plain titmice are foliage gleaners and 
their association with canopy cover is 
not unexpected - unlike the negative 
association of the white-breasted 
nuthatch with downed wood. The lat- 
ter is probably a spurious correlation. 
Our observations indicate that downed 

White-breasted nuthatches 
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Fig. 5. Average annual number of white- 
breasted nuthatch territories per plot on 
nine 14-acre plots in blue oak woodlands 
of Camp Roberts during spring 1994-1996. 
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Information from this study may be used 
as a baseline for evaluating the effects of 
disturbances - including prescribed 
burning and wildfire - on dark-eyed jun- 
cos and other vertebrate animals that use 
oak woodland habitats. 

wood is more abundant in areas with 
larger, older, more decadent trees and 
standing snags, where nuthatches for- 
age and nest; therefore one would ex- 
pect the relationship to be positive, 
rather than negative. 

The rather weak habitat relation- 
ships among herpetofauna observed in 
this study may suggest that microhabi- 
tat characteristics are less important at 
a certain level to herpetofauna than 
habitat type on the landscape. Simi- 
larly, the scale at which the habitat ele- 
ments were measured might be inad- 
equate (too large) to pick up strong 
preferences by these animals for cer- 
tain elements (for example, slender 
salamanders with downed wood). 
Western fence lizards had weak corre- 
lations, probably because they are 
habitat generalists. The strong mean 
correlation values for slender sala- 
manders and gopher snakes could be 
related to the relatively high number 
of observations of those species. 

Although we may not have mea- 
sured the habitat elements most impor- 
tant to these animals, well-structured 
habitat, including shrubby understory, 
an accumulation of logs and other 
downed woody material, and a 
buildup of ground litter on many of 
the areas we sampled contributed 
greatly to the high numbers and high 
densities of vertebrate species we 
observed. 

In October 
1997, the Cali- 
fornia Depart- 
ment of For- 
estry and Fire 
Protection 
(CDF) and the 
Camp Roberts 
Fire Depart- 
ment experi- 
mentally 
burned 500 
acres of the 
study site in- 
cluding half of 
our plots. Use 

of prescribed burning to maintain veg- 
etation at a certain successional stage 
or to limit fuel buildup is a common 
management practice in California oak 
woodland. The experimental burns on 
the study area might have altered the 
habitat components we examined, and 
the vertebrate taxa might respond in 
an unknown manner and to an un- 
known degree. Over the next several 
years, we will monitor the animal re- 
sponses in an attempt to answer some of 
the questions posed to land-use plan- 
ners and land managers when evaluat- 
ing or predicting the effects of wildfire 
and prescribed burning on vertebrate 
fauna. In this way, we hope to develop 
better management recommendations 
for California’s oak woodlands. 
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