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Fig. 2. Monthly nitrate loss during the rainy sea-

son was greater after oak harvest (1987-88)
than before (1980-81).

chloride contamination of some wells in the
valley hasbeen a concern. Small amounts of
chloride are leaving the watershed, pre-
sumably from weathering of chloride-con-
taining rocks as soils form. We did not col-
lect sufficient precut chloride analyses to
make a precut versus postcut comparison.
Nitrate was significantly higherin postcut
years (table 2). The precut average nitrate
loss was 0.21 ton, and the postcut average
was 1.016 tons. A comparison of monthly
nitrate losses in the runoff shows that runoff
and nutrient concentration were the same
for precut and postcut years when there was
no precipitation (June through September),
but during months with precipitation, more
nitrate was removed from the watershed
after cutting than before (fig. 2). This ap-
pears to be related to nitrate concentration
intherainwater. Average nitrate concentra-

tion in precut years from two collection
points in the watershed was 0.006 mg/L
and was 1.63 mg/L from the same two col-
lection points in postcut years. Oak harvest
could not affect the concentration of nitrate
(NO,) in rainfall. We must conclude that the
increase in nitrogen in the stream was not
due to the oak harvest.

Conclusions

Ourresults from 10 years of field monitor-
ing of precipitation, runoff, and runoff
water quality indicate that a small amount
of carefully controlled oak removal haslittle
effect on runoff volume and no effect on
sediment or nutrients in the runoff. The
runoff/rainfall ratio was numerically but
not statistically higher for the five postcut
years compared to the four precut years.

Nitrate nitrogen in runoff and rainfall was
significantly higher in the postcut years.
This may be a result of our collection system
or analytical method. It cannot be said with
any certainty that theincreasein nitrogenin
the stream water is due to the cutting. The
total nutrients lost from the watershed are
small and pose no water quality hazards.

Michael ]. Singer is Professor of Soil Science,
Xiaohong Huang is Graduate Research Assis-
tant, and Charlette Epifanio is a former Gradu-
ate Research Assistant, Department of Land, Air
and Water Resources, University of California,
Dauis.

Wildlife diversity of the
central Sierra foothills

William M. Block 0 Michael L. Morrison

A 3-year study of wildlife-habitat re-
lationships in the oak woodlands of
California’s Sierra foothills found a
wide range of species. This was di-
rectly related to the diversity of
habitats provided by oak wood-
lands.

California oak woodlands provide habitats
for many wildlife species, including am-
phibians, reptiles, birds, and small mam-
mals. Each species requires a unique set of
resources to survive and reproduce, and the
needs of wildlife change throughout the
year. Animals found in oak woodlands
only during the breeding season may use
different resources than those found year-
- round or those occurring only during the

winter. Besides oak trees, these resources
include shrubs, grasses, forbs, seeds, fruits,
insects, and countless other elements. The
types, amounts, and juxtaposition of re-
sources determine the composition, abun-
dance, and diversity of wildlife present.

Such habitat diversity exists at Sierra
Foothill Range Field Station, where we
studied primarily nongame wildlife year-
round from November 1986 through April
1989. This was part of an extensive state-
wide study to determine habitat relation-
ships of wildlife in oak woodlands. Before
our study, little information was available
on the distribution, abundance, seasonal
occurrence, and habitat needs of most wild-
lifein oak woodlands. This report summa-
rizes some of our findings from the field
station.

Our study, which included sampling by
bird counts, live traps, pitfall traps, and
timed searches, was conducted over most of
the station’s 5,700 acres. Only Forbes Hill
(an area denuded of most woody vegeta-
tion) and the irrigated pastures were not
sampled. Our sampling efforts incorpo-
rated much of the diversity of plantlife and
terrain typical of the central Sierra foothills.
This diversity was the result of both natural
events and human activities, such as graz-
ing, fuelwood harvest, and fire suppres-
sion.

Except for two natural areas, one each in
the Kochand the Schubertareas, most of the
field station is grazed by cattle. Cattle graz-
ing has modified the structure and compo-
sition of both woody and herbaceous vege-
tation. Natural areas have a denser shrub
layer, less browsing on woody plants, and a
taller herbaceous layer than the grazed ar-
eas.

Bird counts

We used a systematic-random sampling
design to establish 100 sampling points.
Points were spaced about 1,000 feetapart, a
distance required to avoid recording the
sarrié bird at adjacent points. Werecorded
birds present at each point three times dur-
ing each of the 1987 and 1988 breeding sea-
sons (late March through May), and five
times during the 1987-88 nonbreeding sea-
son (November through February).

The counts revealed 113 species, includ-
ing 43 birds that were year-round residents,
11 species that resided only during winter
but bred at other locations, 17 breeding
species that wintered in other habitats, 21
migrant birds that used the area on the way
toand from their breeding grounds, and 21
incidental species (table 1). More species
were detected during breeding (82 in 1987
and 89 in 1988) than nonbreeding counts
(60).

More species were recorded at Sierra
Foothill Range Field Station than at two
other areas—San Joaquin Experimental
Range, Madera County, and Tejon Ranch,
Kern County—where we also conducted
bird counts. Most differences between Si-'
erra Foothill and the other twoareas werein
the numbers of incidental species. Many of
the incidental species at the field station
were birds that used adjacent habitats such
as Englebright Reservoir, Yuba River, and
agricultural lands, and passed over or tem-
porarily used the station’s woodlands to or
from their preferred habitats. Similar types
of habitats were not adjacent to the other
two study areas, possibly accounting for the
differences in numbers of incidental spe-
cies.

Discounting incidental species, 92 species
used the field station for breeding, cover, or
food. Species were similarly ranked by
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TABLE 1. Residency status and relative abundance of birds detected during 1987 and 1988 breeding and
1987-88 nonbreeding seasons, Sierra Foothill Range Field Station, Yuba County, California

Relative abundance’

Breed-
Status*  ing

Non-

Species breeding

Great egret R
Great-blue heron
Tundra swan
Anserspp.

Common merganser
Killdeer

Turkey vulture

Golden eagle

Bald eagle
Sharp-shinned hawk
Cooper's hawk
Red-tailed hawk
Osprey

American kestrel
Prairie falcon
California quail
Mountain quail
Peacock

Ring-necked pheasant
Wild turkey
Band-tailed pigeon
Mourning dove
Common barn-owl
Great-horned owl
Woestern screech-owl
MNorthern pygmy-owl
Anna's hummingbird
Calliope hummingbird
Rufous hummingbird
Allen’s hummingbird
Morthern flicker

Acorn woodpecker
Lewis’ woodpecker
Red-breasted sapsucker
Downy woodpecker
Hairy woodpecker
Nuttall's woodpecker
Western kingbird
Ash-throated flycatcher
Olive-sided flycatcher
Western wood-pewee
Black phoebe

Say’s phoebe

Gray flycatcher

Dusky flycatcher
Hammond's flycatcher
Pacific-slope flycatcher
Tree swallow
Violet-green swallow
Bank swallow

Cliff swallow

Barn swallow

Scrub jay

Steller's jay

American crow
Common raven
Wrentit
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Species

Status*

Relative abundance’
Breed-

ing

Non-
breeding

Plain titmouse
Mountain chickadee
Bushtit
Brown creeper
White-breasted nuthatch
Red-breasted nuthatch
House wren
Bewick's wren
Canyon wren
Rock wren
Ruby-crowned kinglet
Blue-gray gnatcatcher
Western bluebird
Townsend's solitaire
Hermit thrush
American robin
Loggerhead shrike
Northern mockingbird
Cedar waxwing
Phainopepla
European starling
Hutton’s vireo
Solitary vireo
Warbling vireo
Orange-crowned warbler
Nashville warbler
Yellow-rumped warbler
Black-throated

gray warbler
Townsend's warbler
Hermit warbler
Yellow warbler
MacGillivray's warbler
Wilson's warbler
Yellow-breasted chat
Black-headed grosbeak
Lazuli bunting
Rufous-sided towhee
California towhee
Song sparrow
Lark sparrow
Rufous-crowned sparrow
Chipping sparrow
Dark-eyed junco
White-crowned sparrow
Golden-crowned

sparrow
Fox sparrow
Western meadowlark
Red-winged blackbird
Brewer's blackbird
Morthern oriole
Western tanager
Pine siskin
American goldfinch
Lesser goldfinch
Purple finch
House finch

R

R
w
R

B
R
R

w
B
R

w
R

R

R
R
R
M
M
B
M
M
M
M
M
M
M
B
B
B
B
R
R
M
R
R
B
w
w
w
M
R
w
R
B
M
M

R
R
R

A
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NOTE: Ftankings'of birds were correlated between breeding seasons (r, = 0.90, P< 0.01), but not between

breeding and nonbreeding seasons (r,= 0.24, P> 0.20).

* Status: B, breeding species; |, incidental species; M, migrant species; R, resident species; W, wintering spe-

cies.

* Relative abundance: A, abundant; C, common; U, uncommeon; R, rare; N, not recorded.

numbers of detections between the two
breeding seasons, but not between breeding
and nonbreeding seasons. These results
demonstrate that the types and abundances
of birds can be quite variable between sea-
sons.

Populations of resident birds might in-
crease or decrease between seasons. For
example, numbers of American robins
(Turdus migratorius) and western bluebirds

(Sialia mexicana) increase during the winter
when fruits of toyon (Heteromeles arbutifo-
lia), coffeeberry (Rhamnus californica),
redberry (R. crocea), and other plants ripen.
Conversely, some resident birds decline in
numbers when part of the population mi-
grates to a differentlocation, as in the case of
turkey vultures (Cathartes aura), lark spar-
rows (Chondestes grammacus), and lesser
goldfinches (Carduelis psaltria).
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Most differences between breeding and
nonbreeding seasons, however, result from
birds being present only for breeding or
only during the winter. Breeding birds in-
clude the ash-throated flycatcher
(Myiarchus cinerascens), violet-green swal-
low (Tachycineta thalassina), house wren
(Trogodytes aedon), black-headed grosbeak
(Pheucticus melanocephalus), lazuli bunting
(Passerina amoena), chipping sparrow
(Spizella passerina), orange-crowned war-
bler (Vermivora ruficapilla), Wilson’s warbler
(Wilsonia pusilla), and northern oriole
(Icterus galbulg). Wintering birds include
the ruby-crowned kinglet (Regulus calen-
dula), dark-eyed junco (Junco hyemalis), and
golden-crowned sparrow (Zonotrichia atri-
capilla).

Much of the bird species diversity is di-
rectly related to the plant diversity at the
field station. Species such as the Hutton's
vireo (Vireo huttoni), orange-crowned war-
bler, and Wilson's warbler were closely
associated with interior live oak (Quercus
wislizenii). Those such as the white-breasted
nuthatch (Sitta carolinensis) and western
bluebird were closely associated with blue
oak (Q. douglasii).

Over 60 species actually bred at Sierra
Foothill, but the station is noless important
for birds that do not breed there. Wintering
and migrant birds need the resources pro-
vided by the woodlands for survival. Fur-
ther, the specific habitats used by birds
during breeding may differ from those used
during falland winter. For example, many
resident birds gleaned insects from foliage
of blue and interior live oaks during the
breeding season but were restricted to live
oaks during winter when blue oaks had no
leaves. Management of oak woodlands for
birds therefore should not be confined to
breeding birds but should consider the
habitat needs of all birds—breeding, win-
tering, migrant, and resident—that require
the resources provided there.

Live traps

We used Sherman live traps to sample
small mammals. The traps were spaced 50
feet apart in four 8 x 8 grids (8 lines with 8
traps per line). One grid was randomly
placed in each of the two natural areas
(Koch and Schubert); the other two grids
wererandomly placed outside each natural
area. Traps were opened at dusk and baited
with peanut butter and rolled oats. Cotton
was placed in the traps to provide insula-
tion for animals during cool nights. Traps
were checked at dawn. Captured animals
were jdentified to species, age, and sex, and
were measured, marked by toe clipping,
and released. All four grids were trapped
for six nights each during March and No-
vember 1988. Two grids (oneinside and the
other outside the natural area) in the
Schubert drainage were also trapped for
five nights during April 1987.



Lazuli buntings are among the many breeding birds recorded at the field station.

We captured 200 small mammals repre-
senting five species during 3,332 trap nights
(table 2). Significantly more animals were
captured in grazed areas (136) than in un-
grazed, natural areas (64). Thebrushmouse
(Peromyscus boylii) was the most abundant
species during the spring accounting for 86
of 90 captures. The other four captures were
of the pinyon mouse (P. truei). Five species
were captured during the fall; brush and
pinyon mice were the most abundant.
Fewer deer mice (P. maniculatus), dusky-
footed woodrats (Neotoma fuscipes), and
ornate shrews (Sorex ornatus) were cap-
tured. Comparable numbers of animals
were caught during fall (110) and spring
(90).

The actual number of animals captured
was quite small, averaging about one per 17
trapnights. Apparently, there are few small
mammals in oak woodlands, or they are not
readily captured by the standard methods
we employed. Substantially more animals
were captured in grazed than in ungrazed
areas, suggesting that (1) there were more

small mammals in grazed areas, or (2) small
mammals in grazed areas needed to range
farther to find resources than in ungrazed
areas and thus were more likely to encoun-
teratrap.

Small mammals have been cited as a ma-
jor factor contributing to the lack of regen-
eration by white oaks. Given the low popu-
lation levels of small mammals we found,
however, itis doubtful that they alone could
have sufficient effect to limit oak regenera-
tion. Thus, implication of small mammals
in the perceived lack of regeneration is pre-
mature.

Pitfall traps

We used pitfall traps to sample popula-
tions of amphibians, reptiles, and small
mammals. The traps were 2-gallon plastic
buckets sunk to ground level and covered
with a square piece of plywood. We distrib-
uted 128 traps in three 6 x 6 grids and one 4
x 5 grid with traps spaced 65 feetapart. Two
6x 6 grids were paired in the Koch area with
one inside and the other outside the natural

area. Theothertwo grids were placed inthe
Schubert drainage with the 6 x 6 grid inside
the natural area and the 4 x 5 grid outside.

Traps remained closed for at least a
month after placement to allow the area to
recover from the disturbance of digging the
holes and to let animals become accus-
tomed to the presence of the trap. Traps
were opened by propping the plywood 2 to
4 inches above the lip of the buckets with
twigs or small rocks.

We sampled the three 6 x 6 grids for 60
consecutive days from January to March
1988; all four grids were sampled for 60
additional days from November 1988 to
January 1989. Traps were checked every
other day, and captured animals wereiden-
tified to species, aged, sexed (if possible),
and measured. Animals were taken to a
differentlocation more than 3,000 feet from
any other trapping grid to avoid recaptur-
ing the same animal.

We captured 209 animals including one
species of amphibia, three reptiles, and
seven mammals in pitfalls during 14,060
trap nights (table 3). Significantly more
reptiles (145) were captured than mammals
(62). The western fence lizard (Sceloporus oc-
cidentalis) was the most frequently captured
reptile; theother tworeptiles captured were
the western skink (Eumeces skiltonianus) and
southernalligator lizard (Gerrhonotus multi-
carinatus). Brush and pinyon mice were the
most frequently captured small mammals.
There were no significant differences, how-
ever, between grazed and ungrazed areasin
total numbers of animals, numbers of rep-
tiles, or small mammals captured.

Asinthelive trapping, few animals were
captured in pitfalls. Fewer small mammals

TABLE 2. Numbers of small mammals captured in live traps, Sierra Foothill Range Field Station, spring
1987 and 1988, fall 1988

Natural areas Grazed areas

Spring Fall Spring Fall
Species (n=1068)* (n=748) (n=1070) (n=752)
Brush mouse 18 13 68 27
Pinyon mouse 0 27 4 29
Deer mouse 0 3 0 5
Dusky-footed woodrat 0 3 0 2
Ornate shrew 0 0 0 1

* Number of trap nights.

NOTE: Total captured in grazed areas was significantly greater than in natural areas (x* = 25.9, P<0.01). Totals
captured in fall and spring were comparable (¥* = 2.0, P>0.10).

TABLE 3. Numbers of animals captured in pitfall
traps in natural and grazed areas at Sierra Foothill
Range Field Station during spring and fall 1988

Naturalareas  Grazed areas

Species (n=8640)* (n=5420)
AMPHIBIAN
California slender

salamander 2 0
REPTILES
Western fence lizard 60 62
Western skink 10 3
Southern alligator lizard 5 5
MAMMALS
Brush mouse 10 6
Pinyon mouse 7 8
Deer mouse 1 2
California vole 6 3
Western harvest mouse 6 3
Botta's pocket gopher 1 0
Ornate shrew 7 2

MNOTE: Number of reptiles captured was significantly
greater than mammals captured (x* = 33.8, P <0.01).
There were no significant differences between grazed
and ungrazed areas in total animals (¥* = 0.01, P
>0.90), reptiles (x* = 0.6, P>0.90), or small mammals
(x*=0.9, P>0.80) captured.

* Mumber of trap nights.
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Dusky-footed woodrats are closely associated with live oaks and chaparral at the station. The
researchers used live traps to sample populations of small mammals, which were identified, meas-

ured, marked, and released.

were captured in pitfalls than in live traps.
An advantage of pitfalls was that we cap-
tured three additional species—western
harvest mouse (Rheithrodontomys megalotis),
California vole (Microtus californicus), and
Botta’s pocket gopher (Thomomys bottae)—
not captured by the live traps. Only one
pocket gopher was captured, far fewer than
atSan Joaquin Experimental Range or Tejon
Ranch, where we used identical trapping
methods. This species is frequently re-
garded as a pest by range managers, butour
findings suggest there are too few gophers
at Sierra Foothill to have a substantial effect
on forage or oak seedling establishment.

Time-constraint searches

Additional surveys for amphibians and
reptiles were conducted by a time-con-
straint sampling method. Two or more
persons actively searched for animals in
rotten logs and leaf litter, under logs,
branches, and rocks, or in plain sight (on the
ground, in a tree, or otherwise visible).
When an animal was found, search time
was halted and the animal was identified,
aged, sexed (if possible), measured, and
released. We also recorded characteristics
of the substrate where the animal was lo-
cated and a general description of the habi-
tat. Time was then resumed, and observers
searched for another animal. This proce-
dure continued until 4 person-hours of ac-
tive searching elapsed. Four time-con-
straint searches were conducted during
March 1988, and five during November
1988 in different stands representative of
the diversity of habitats at the field station.

The nine time-constraint searches re-
sulted in 95 captures consisting of two spe-

cies of amphibians, three lizards, and four
snakes (table 4). More animals werecap-
tured during spring (70) searches than dur-
ing fall searches (25). Lizards madeup 93%
of the spring captures, but only 48% of the
fall captures. All snakes were captured
during the spring, and all but one amphib-
ian was captured during the fall. These
seasonal differences in captures probably
reflect seasonal differences in activity pat-
terns.

More than half of all animals were found
under downed logs; rocks were the second
most used substrate (about 25% of the cap-
tures). The California slender salamander
(Batrachoseps attenuatus) was the most re-
stricted animal in distribution, found exclu-
sively in stands of interior live oak. Other
common species (western fence lizard,

TABLE 4. Numbers of amphibians and reptiles
captured during time-constraint searches, Sierra
Foothill Range Field Station, spring and fall 1988

Spring Fall
Species (n=4)* (n=5)
AMPHIBIANS
California slender salamander 1 10
Foothill yellow-legged frog 0 3
REPTILES
Western fence lizard 41 -]
Western skink 4 3
Southern alligator lizard 19 3
Racer 2 0
Ring-necked snake 1 0
Striped whipsnake 1 0
Western rattlesnake 1 0

NOTE: The number of animals captured during spring
was significantly greater than during fall (x*=22.0, P
<0.01).

* Number of searches conducted.
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southern alligator lizard, western skink)
were more widespread, found in both live
and blue oak stands.

It is obvious from our results at Sierra
Foothill, and from similar surveys at San
Joaquin Experimental Range and Tejon
Ranch, that downed woody debris may be
the most important component of the habi-
tats of most reptiles and amphibians. Much
of this woody debris consists of fallen limbs
from dead or dying trees. The value of such
trees for many species of birds is well
known. As these trees continue through
theirlife cycle and ultimately die, they are of
continuing value to many other species of
wildlife as well. Management of oak wood-
lands for wildlife must consider retention of
such trees and also trees in all stages of vigor
toensure a continued supply of this habitat
component. :

Conclusions

We found a wide variety of wildlife at the
field station, much of which was directly
attributable to the vegetative diversity of
the central Sierra foothills. Each type of oak
woodland offers different arrangements of
resources used differently by each species
of wildlife. These resources are not limited
to trees, but also include shrubs, logs, leaf
litter, grasses, forbs, and other habitat ele-
ments.

All of these components are interrelated,
and alterations to one affect the others. For
example, changes in tree density, such as
through fuelwood removal or urbanization,
also change thelight regime, microclimate,
shrub layer, dead woody debris, leaf litter,
and countless other factors. The effects on
wildlife will vary among species. Some
species use a wide variety of resources and
may not show a pronounced response in
population. Other species are more re-
stricted in distribution and may decrease in
number.

No oak woodland at the Sierra Foothill
Range Field Station goes unused by wild-
life. In the management of oak woodlands,
a rich diversity of wildlife can only be en-
sured by maintenance of the diversity of
habitats.
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