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This first systematic review of all species of mammals in- 
habiting California chaparral responds to a growing interest in 
the understanding and management of chaparral ecosystems. 

Forty-nine species of mammals regularly occur in California 
chaparral, but none lives only in chaparral. Among the 49 
species, 7 species (6 rodents and 1 rabbit) are found primarily in 
mature chaparral, 9 species (the mule deer and 9 rodents, 
including 5 kangaroo rats) in young chaparral or along ecotones 
between chaparral andother plant communities, and 19 species 
(12 bats and 7 terrestrial species) in riparian areas. Five species 
occur in many habitats but prefer chaparral in California, and 
nine other species have wide ranges that encompass many 
communities, including chaparral. 

An area of chaparral (0.5 to 6.8 ha) generally contains two to 
four common, and two to nine total, species of rodents. Seeds, 
fruits, and young vegetation growth are the mostimportant plant 
foods in chaparral. 

Fire affects the distribution and abundance of mammalian 
populations in chaparral by altering the sbucture of the plant 
community and the availability of many foods. Fire does not 
permanently destroy the mammalian community. Patches of 
unburned chaparral serveas refugia andcenters of dispersal for 
mammalian populations colonizing burns. Mammal population 
densities and distributions shift in response to the mosaic of 
plant age classes created by fires, and to thenetwork of ecotones 
between classes. Between fires the abundancesofrodent species 
change as each responds to its particular habitat requirements 
against the background of a changing plant community. 

Management of the vegetation affects the presence and 
abundances of mammalian species. Wildlife habitat can be 
optimized for the community as a whole by maintaining chap- 
arral in many age classes, by confining fuelreduction treatments 
to 1 to 100 ha, by protecting all native trees, and by protecting 
and enhancing all sources of surface water. 
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INTRODUCTION 

C alifornia chaparral is composed of several plant associa- 
tions found from the Oregon border on the north to 
northern Baja California on the south, occumng from 

nearsealevel toabout3000m (Hanes 1977,1981). In thispaper 
the term "chaparral" refers only to the community of evergreen 
woody shrubs of the hills and the lower mountain slopes of 
California and northern Baja California. Despite the great 
geographical and floral diversity of chaparral, relatively few 
species of mammals are found in any given location and fewer 
still are classified as exclusive chapanal inhabitants. 

Forty-nine species of mammals regularly occur in California 
chaparral, but none lives only in chaparral. Among the 49 
species, 7 are found primarily in mature chaparral, 9 in young 
chaparral or along ecotones between chaparral and other plant 
communities, and 19 in riparian areas. Five species occur in 
many habitats butpreferchaparral in California.and9 have wide 
ranges that encompass many communities includingchaparral. 

Although interest in the mammals of the Californiachaparral 
has grown, much of this interest bas focused on only a few 
species. For example, a great deal has been written about the 
ecology and management of deer (Odocoileus hemionus) in 
chaparral (Dasmann 1962: Dixon 1934: Taber and Dasmann 
1958; also see Umess 1981, and Wallmo and others 1981 for 
recent reviews). In recent years several researchers have inves- 
tigated the rodents of chaparral as a convenient vehicle for 
studyinggeneral questions of community organization (Bradford 
1976; Cames 1978; Glanz 1977; Lubina 1978; M e s e ~ e  1976b. 
1977; Nicholson 1978; Quinn 1979; Spevak 1983). A system- 
aticreview of all49 mammalian species thatoccur in chaparral, 
however, has been lacking. 

Thispaper describes each species orgroup of the49 mammal- 
ian species, emphasizing their distributions and habitat prefer- 
ences within chaparral in California, reviews the importance of 
fire and management activities to mammalian species, and 
outlines the structure of mammalian communities in chaparral. 

In most cases mammals living in chaparral respond to the 
structure of the plant community, rather than to the presence of 
particular species of plants (Bayless 1980: Cames 1978; 
Nicholson 1978). Habitat preferences of chaparral mammals 
are therefore described in terms of the age of the plant commu- 
nity, theamountofplantcover,proximity toopenings,ecotones, 
and physical features such as rocky slopes, not in terms of a 
particular species of plant. 

HABITAT PREFERENCES 
OF CHAPARRAL MAMMALS 

Mature Chaparral 

Mature chaparral contains shrubs, 1 to 3 m in height, that 
provide dense vegetativecover of 50 to 100 percent for wildlife. 
The first seven species of mammals listed in table 1, six rodents 
and one lagomorph, are found in mature chaparral, but are 
uncommon or absent in other habitats. 

The brush rabbit (Sylvilagus bachmni) is a wary species that 
uses mature chaparral for cover, and feeds in openings near 
shrubs. In California the rangeof this species is congruent with 
the California chaparral. 

The California pocket mouse (Perognathus californicus) is 
found only in chaparral and associated plant communities. The 
occurrence of this species appears to be spotty, and population 
densitiesare variable (Tucker 1966, Wutz 1977). Somestudies 
in voune chaoarral have shown ~ 0 ~ k e t  mice to be rare members 
ofjle roden;community ( ~ a m k s  1978: Quinn 1979). On the 
otherhand, Wutz(1977,1981)found thatthisspeciescomprised 
asmuchas50 to61 percentof all smallmammalcaptures in both 
mature and recently burned chaparral. The California pocket 
mouse prefers edges between chaparral and other plant commu- 
nities Gradford 1976; Tucker 1966). Nicholson (1978) cap- 
tured them in both ecotones and chaparral, while others have 
found none at all in chaparral (Bayless 1980: Tucker 1966). 

Three of the 11 species of chipmunks living in California are 
chaparral dwellers. Two of these inhabit mature chaparral and 
replace one another at latitudinal boundaries. Merriam's chip- 
munk (Eutamias merriami) is found from the foothills of 
southern California through the Coast Ranges north to San 
Francisco Bay, and in the western foothills of the southern and 
central Sierra Nevada Mountains. It is replaced by the Sonoma 
chipmunk (Eutamias sonomae) in the chaparral of northern 
California. The obscure chipmunk (Eutamias obscurus) is 
parapatric with Merriam's chipmunk in the Transverse and 
Peninsular Ranges of southern California and Baja California 
(Callahan 1977). 

One species of Peromyscus, the California mouse (Pero- 
myscus californicusj, is specialized for life in the dense cover of 
heavy chaparral (Merritt 1978). Its range is restricted to dense 
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chaparral and associated woodlands of California and northern 
Baja California. It is a partially arboreal mammal (Bayless 
1980,Mcscrve 1977)thatspecializes ineatingflowersand secds 
of shrubs and Lrees (McCabcand Blanchard 1950; Merritt 1974; 
Meserve 19764. Of the many species of Peromyscus, it has the 
largest body size. The brush mouse (Peromyscus boylii). as the 
common name implies, also prefers habitats with shrub cover 
(Carnes 1978; Holbrook 1978; Jameson 1952; Storer andothers 
1944). Nicholson (1978) suggested that the California mouse is 
socially dominant over the brush mouse, excluding it from areas 
whereitwouldothenviseoccur. Thissuggestion is supported by 
the observation of Vaughn (1954) that these two species are not 
microsympauic. By contrast through radiotelemeuy I have 
found both species utilizing the same shrubs on the same night. 

The dusky-footed wood rat (Neotoma fuscipes) is one of the 
few species of mammals that flourishes in old, densechaparral. 
The tall shrubsserveasa framework for itsstick houses (Horton 
and Wright 1944; Linsdale and Tevis 1951). and providecover 
and many pathways for arboreal [oraging (Cranford 1977). 
Meserve (1974) found that this species is a food generalist, 
utilizing many plant foods. Enormous quantities of food are 
sometimes stored in its nests (Horton and Wright 1944). 

Disturbed or Open Chaparral 
A second category of mammals includes eight species of 

rodents and one artiodactyl (table I, species 8 to 16). These 
species are common in chaparral with less than 50 percent 
vegetativeshrub cover. Such animals favor the open shrubland 
created by fire and other disturbances in chaparral. They may, 
however, require proximity to maturechaparral (Ashcraft 1979; 
Bradford 1976; Nicholson 1978). 

Of 13 species of kangaroo rats that occur in California, 5 
inhabit chaparral. Three of these have extensive ranges that 
divide chaparral by latitude. The Pacific kangaroo rat (Dipod- 
omys ngilis) is the southernmost species, found between Baja 
California and the Transverse Mountain Ranges of southern 
California. It is replaced by the Heermann kangaroo rat (Di- 
podomys heermanni) in thesouthem Siex~aNevada foothills and 
coastal mountains of Santa Barbara County. The range of D. 
heermanni extends north to the cenrral Sierras and through the 
Coast Ranges to San Francisco Bay. This species is replaced in 
turn by the California kangaroo rat (Dipodomys califonicus) in 
northern California and the brush fields of soulhwestern Ore- 
gon. These three species arequite similar in general appearance, 
body size, and behavior. Field studies of the Heermann and 
Pacific kangaroo rats suggest that they are ecological equiva- 
lents (Quinn 1979). Both species construct burrows, take dust 
baths, and forage in the openings between chaparral shrubs. 
They aremostabundant in theopen plantcommunity thatoccurs 
2 to 5 years alter a fire, but smaller numbers of individuals can 
be found in the more limited openings of mature chaparral. 

The Santa Cruz kangaroo rat (Dipodomys venustus) is found 
in the Coast Ranges between northern San Luis Obispo County 
and San Francisco Bay. Thebig-eared kangarooral (Dipodomys 
elephanrinus) is known only from the southern portion of the 

continued 
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Table 1-Habitofpreferences of terrestrialmmmols in the CalYornin chap- 
orrol (continued) 

21. Striped skunk 
(Mepizitis mphitW 

22. Raccmn 
(Procyon lotor) 

23. Ringtail 
( ~ o s ~ ~ ~ i r c u s  ostutus) 

24. Brush mouse 
(Peromyscus boylii) 

25. Audubon cottontail 
(Sylvilogus oudubonii) 

26. Gray fox 

27. Spotted skunk 
(Spilognle gracilir) 

28. Wild boar 

29. Botta pocket gopher 
flhommys batlae) 

30. Dcermouse 
(Peromyscur mniculnrus) 

31. Pinyon mouse 
(Peromyscus fruei) 

32. Coyote 
(Conk lntramJ 

33. Black bear 
(Ursus omericonus) 

34. Lonptded weasd 
(Musrclofienota) 

35. Badger 
(Tar& tarus) 

36. Bobcat 
(Lynx 

Gabilan MountainsinMonterey and SanBenitocounties. From 
the limited informationpublishedon thesetwo species(Bradford 
1976; Grinnell1922), they seem tobeecologically similarto the 
Heermann and Pacific kangaroo rats. 

In chaparral the California ground squirrel (Spermophilus 
beecheyi) is mostnumerous newdisturbances such as roadsides, 
old buiidings,dumps,agriculturalfields,andfuelbrs. Ground 
squirrels didnotoccurin theextensiveunbroken chaparral of the 
central Santa Ana Mountains until roads provided avenues for 
colonization from the foothills (Pequegnat 1951). 

The cactus mouse (Peromyscus eremicus) occurs across the 
deserts of western North America. This species was found in 
moderate numbers during the f is t  4 years after a chaparral f i e  
in the Santa Margarita Mountains of Riverside County @g. I). 
~ z r i n ~  those years the structure of the plant community was 
similar to that of desert scrub. 

The desert wood rat (Neotoma lepida) is found in a variety of 
arid and subarid plant communities. In chaparral it occurs in 
rocky, relatively open habitats (Cames 1978; McHenry 1965; 
Nicholson 1978; Quinn 1979). and in recently bumed areas 
(Cames 1978; Quinn 1979; Spevak 1983). This species can 
locally specializeon specific foodplants, such ascertainspecies 
of prickly pear (Opunlia) and sage (Salvia), that are relatively 
unpalatable tomostother herbivores (Macmillen 1961; Meserve 
1974). Sincedesertwoodratsoftenconstructtheirnestsbeneath 
and between rocks and boulders, the presence of this species in 
chaparral and elsewhere is associated with rock outcrops 
(Thompson 1982). 

Deers (Odocoileus hemionus) are found in all California 
chaparral, althoughpopulationdensitiesvary greatly with space 
and time (Dasmann 1962). TheColumbian black-tailed deer(0. 
h. hemionus) occurs in thechaparral of northem California; the 
California mule deer ( 0 .  h. californicus) is found in the Central 
Coast Ranges and the western Sierra Nevada Mountains, south 
to Los Angeles County; and the southern mule deer ( 0 .  h. 
fuliginatus) lives in the chaparral of Orange, Riverside, and San 
Diegocounties. The widedifferences in population densitiesof 
chaparral deer are caused by three variables: cover, forage, and 
water. The quality of both forage and cover is a function of f ie  
patterns (Ashcraft 1979). During the First year after a large 
chaparral fire, deer populations in the f i e  area are reduced by 
displacement of individuals and lack of forage. In the second 
and thud years after fire, the deer population increases due to the 
growth of succulent forage in the recovering plant community 
(Biswell 1961; Taber and Dasmann 1958). This increase is 
temporary, and it is confined to areas within 90 m of the cover 
provided by older chapanal. Summer and fall, when moisture 
and protein content of chaparral shrubs declines to the lowest 
seasonal levels, are the most critical times for deer populations 
(Urness 1981). At these times activities of deer are confined to 
areas within 0.8 to 1.2km of freestandingwater. A much smaller 
part of southern than northern California is classified as prime 
deer habitat (McLean 1940). This lack of prime habitat may be 
due to the greater aridity of the southern part of the state. 
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1 2 3 4 5 6 

YEARS AFTER C H A P A R R A L  F I R E  

Flgure I-The composition of a chaparral rodent mmmunity changed 6 years after a wildfire. Population percentages are calculated from minimum 
po~ulation sizes forannual traooinaseasons lastirw4 to8months. Fiaures inmrenthesesre~resentthetotalnumberofindividuals of all scecies known 
al:;e on the oay for whch tne pdpuiatlon percentages were c a l c ~ l a t e ~  spec:es are: D = ~ i ~ o d o m ~ s a ~ r l r s ,  N N Nooroma Iepida. P,= ~ e r o i ~ s c u s  boylii, 
PC = Pcromyscus cablornicus, Po = Peromyscuserem~cus. P,= Peromyscusmanlculal~~ Po = Perognafhus ca1;forniws. R = Reithrodonfomysmcgalolis. 

Riparian Areas 
Within chaparral communities there are seven species of 

terresmal mammals thatoccur mainly in riparian habitats (fable 
I ,  species 17 to 23). These habitats occur almostexclusively in 
canyon bottoms and consist of ribbons of trees, grasses, and 
other mesic vegetation along watercourses. They sometimes 
include surface water, deep and loose soil, and other environ- 
mentalvariables associated with the physical processes that fake 
place in canyons with flowing water. As wildlife habitats these 
areas have littlein common withchaparral. Thejustification for 
classifying such species as chaparral animals is a matter of 
juxtaposition, since the home ranges of riparian mammals are 
adjacent to, and may even include, nearby chaparral. 

Thevagrantshrew (Sorexvagrans) andtheornateshrew(Sarex 
ornatus) are reported from the canyons of chaparral areas in 
northern and southern California, respectively. Both species 
prefer the moist soil and protectivecover afiorded by streamside 
habitats. I have unintentionally captured vagrant shrews away 
from canyons in live traps set for rodents under coast live oak 
trees (Quercusagrifolia). They wereundoubtedly searching for 
invertebrates in the thick leaf litter bencath these trees. 

The harvest mouse (Reithrodonromys megaloris), although 

found in many areas in California, is most numerous in thick 
grasses andforbsnear water. It uses suchthickets fornestingand 
foraging. In chaparral it has been live-$rapped in low frequen- 
cies at places with dense grasses and forbs, such as post-fire 
communities and fuelbreaks, as well as in relatively mesic areas 
with oaks and other trees (Blong and others 1978; Carnes 1978; 
Nicholson 1978; Quinn 1979; Stavert 1976). 

The opossum (Didelphius marsupialis) is an introduced spe- 
ciesthat has becomenaturalized in some chaparral areas. It was 
brought to California early in the twentieth century and is now 
common in mountain canyons below 1200 m (Grinnell and 
others 1937). Thesemammalsavoidthedensegrowthofmature 
chaparral, and are not found more than 3.2 km from suriace 
water (Grinnell and others 1937, Verts 1967). 

Raccoons (Procyon lotor) are omnivorous, highly opportun- 
istic mammals found in many habitats, including chaparral. 
They must, however, be close enough to water forregularvisits. 
Inmostchaparral areasthis restricts theirranges tolargercanyon 
drainages with permanent surface water. 

Relatively little is known about the biology of the ringtail 
{Bassariscus artutus). Although its range includes the entire 
state, it isabsentfrommany areas. Itshowsadistinctpreference 
for canyons and rocky slopes, especially chaparralbetween 600 
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describedasresponding to soil quality, with the highest popula- 
tion densities in deep or grassland soils (Howard and Childs 
1959; Proctor and Whitten 1971; Vaughn and Hansen 1964). 
Although these preferences would seem to make the generally 
shallow, rocky soils of chaparral a suboptimal habitat at best, 
pocket gophers are found in many chaparral areas. I have found 
them to be especially numerous during the first 3 years after fire, 
when the abundance and diversity of herbaceous plant foods is 
greatest. Thisobservation isconsistent with that of Best (1973). 
who reported pocket gophers to be more abundant in disturbed 
areas than in places with mature vegetation. Pocket gopher 
mounds are frequently seen in ecotones between chaparral and 
grasslands. 

The ubiquitous deer mouse (Peromyscus maniculatus) is un- 
doubtedly the most adaptable rodent in North America. It is 
found in widely varying abundances in all chaparral communi- 
ties. Thisopportunisticspeciesreproducesrapidly after various 
kinds of environmental disturbances, or when other species of 
rodents havebeeneliminated(Ho1brook 1978). Thedeermouse 
forages only on the ground, not in shrubs as do other species of 
Peromyscus that inhabit chaparral (Holbrook 1978; Meserve 
1977). Given these characteristics it is not surprising that this 
animal flourishes from the second to fourth years following a 
chaparral fie, when open ground is present and populations of 
other species of Peromyscus have been temporarily reduced or 
eliminated (Blong and others 1978; Cames 1978; Quinn 1979; 
Wirtz 1977). Deer mice can he the second most abundant 
speciesof rodent, afterkangaroo rats, during the third yearafter 
afie@g. I ) .  Blongandothers (1978) found them tobe themost 
abundantspeciesofrodentininteriorliveoak woodland (Quercus 
wislizenii) 4 years after fie. They also founddeer mice Lo berare 
in plant communities dominated by trees. Around mature 
chaparral this species is captured more frequently at ecotones 
between the shrub community and adjacent grasslands than 
within the chaparral, where it is rare (Nicholson 1978, Wirtz 
1977). Deer mice are sometimes the most common species of 
rodent following mechanical disturbance of thechaparral (Cames 
1978; Quinn 1983). 

The pinyon mouse (Peromyscus rruei) is found throughout 
most of California, and across other parts of the southwestern 
United States, in places wheresome treeor heavy shrubcover is 
available (Bradford 1976; Cames 1978: Holbrook 1978; Law- 
rence 1966; McCabeand Blanchard 1950; Nicholson 1978). It 
is often found in mature chaparral, where it may be one of the 
mostabundantspeciesof small mammal (Bradford 1976; Cames 
1978). The pinyon mouse does not occur on the coastal side of 
the mountainsof southernCalifornia, whereit is replaced by the 
brush mouse. The brush mouse and pinyon mouse apparenlly 
compete in chaparral areas where the two species g e  sympatric 
(Nicholson 1978). Bradford (1974) found that in chaparral the 
pinyon mouseexperiences water stress in summerandearly fall. 
This stress is relieved in the fall when acorns become available 
as a source of metabolic water. 

The highly versatile coyote (Canis latrans) is found in most of 
theecosystems of western North America, including chaparral. 
The steep slopes and heavy cover of most chaparral communi- 
ties impede its movements. Ecotones, fuelbreaks, roads, trails. 

and open chaparral are frequented more by this animal than 
dense, unbroken cover. In southern California, wherechaparral 
isadjacent tourban areas,coyotes forageat nightalong theurban 
fringe and return during the day to the cover of chaparral. 

The black bear (Ursus americanus) is found in &.chaparral 
of northern California, the Sierra Nevada Mountains, and in the 
Tehachapi Mountains and Coast Ranges where it has extended 
its range since the local extinction of the grizzly bear (Ursus 
arctos). It also occurs in the San Bernardino and San Gabriel 
Mountains of southern California, where it was introduced in 
1933 (Burghduff 1935). Black bears tend to prefer oak wood- 
land and forests over chaparral, but they do make extensive use 
of chaparral in southern California for cover and for feeding on 
preferred plant foods (Boyer 1976; Novick 1979). 

All of the California chaparral was once occupied by the 
California grizzly bear. In northern California and the Sierra 
Nevada Mountains black and grizzly bears coexisted. In the 
Coast Ranges south of San Francisco Bay and the mountains of 
southernCalifornia, however, thegrizzly was theonly speciesof 
bear. It was more adaptable than the black bear, consuming 
many food items and occupying many habitats from the high 
mountains to coastal beaches (Storer andTevis 1955). Chapar- 
ral was used by the grizzly bear for escape and resting, and 
prominent bear trails existed beneath the canopy of dense 
chaparral thickets. This animal consumed the fruits of chaparral 
shrubs, and acorns from theoaks. Their predilection for manza- 
nitafruitsisreflected in thegenericnameof thisgmupofshrubs, 
Arcroslaphylos, which means "bearbeny." 

The long-tailed weasel (Mustela frenata) occurs in any ter- 
restrial habitat with sufficient prey populations of small mam- 
mals (Hall 1951). In most chaparral areas its need for surface 
water, and limited movement range of 40-75 m (Glover 1943), 
probably combine to restrict its occurrence to the immediate 
vicinity of canyons. 

The wide-ranging badger (Taxidea taxus) is found every- 
where in California. In chaparral it is most common where the 
vegetation is sparse due to fire or other disturbance, and where 
there are large populations of burrowing rodents such as Cali- 
fornia ground squirrels or kangaroo rats (Grinnell and others 
1937). - - -  , 

The bobcat (Lynx r $ i )  is most common in canyons and on 
rocky slopes having sufficient shrub cover. Chaparral shrubs 
permit concealment while stalking. ~o~ula t io '  densities of 
bobcats as high as 10 per square kilometer have been measured 
in the chaparral of San Diego County. 

Although found in many habitats the mountain lion (Felis 
concolor) is most abundant where deer, its main prey, are 
numerous. In chaparral, therefore, mountain lions would be 
attracted to theedgesofrecent bums wheredeer tend to congre- 
gate (Biswell1961; Taber and Dasmann 1958). 

Fire 

The most important factors in thedistribution and abundance 
of mammalian species within chaparral are the direct and indi- 
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rect effects of fire. Intense wildfires temporarily drive away 
largemammals (Chew and others 1959) and destroy many small 
mammals that take refuge in flammable nests above the ground 
(Quinn 1979). More importantly, f i e  drastically alters the 
structureof the plantcommunity and sets intomotion a sequence 
of physical and biological processes that affect the animal 
community for many years. 

Fire does not permanently destroy the animal community 
(Cook 1959; Lawrence 1966; Longhurst 1978; W i  1977, 
1981). Mammalian species that live in the chaparral have 
coexisted with a f i e  cycle for at least 2 million years, since the 
development of a Meditemnean climate in California (Raven 
1973). Therefore all species of plants and animals that live in 
this community must have ways to pelpetuate or reestablish 
populations after fire. There is, however, no evidence that any 
species of mammal has adaptations that have evolved specifi- 
cally for survival of chaparral fires. Larger species that can 
movequickly, such as deer and foxes, simply flee from the fire. 
Burrowing species, like kangaroo rats and species that will take 
refugein burrowsandother recesses beneath theground, such as 
deer mice, can survive fires in underground shelters. Species 
that are physically and behaviorally incapable of escaping fire, 
suchas brushrabbits and wood rats, aredirectly destroyed by the 
f i e  (Quinn 1979). From an evolutionary point of view, how- 
ever, these deaths are inconsequential. Whether or not an 
individual animal or local population survives the direct effects 
of fire, the continued existence of all populations in the f i e  area 
is determined by the habitat created by the fie. Adult animals 
that are permanently displaced from their home ranges by fire, 
and are unable to establish themselves elsewhere, will die as 
surely as if they had been directly killed by the fire. Those 
animals that remain in the fire area and survive, or return 
immediately to it, must be able to live in the drastically altered 
habitat or they too will die. 

Chaparral wildfires do not thoroughly or uniformly burnover 
large tracts of land becausechaparral grows for the most part on 
hills or mountains, and because large f ies  are usually driven by 
gusty, erratic winds. The combination of shifting wind and 
broken terrain causes fires to bum with uneven intensity and 
direction, at times entirely skipping some places. The islands of 
unburned chaparral thus created, as well as unburned chaparral 
beyondtheperimeterof theburn,serve& centersofdispersal for 
animal populations immigrating into the burned area. 

As mammalian habitat, chaparral may be visualized as a 
mosaic. The major pieces of this mosaic are marked by the 
boundaries of individual fires, as they would appear on a map. 
Within these larger pieces thereare smallerpieces delineated by 
islandsof vegetationentirely skipped by fire, andpieces burned 
with varying intensities. The ecotones between such pieces are 
an essential aspect of this mosaic. These ecotones are used 
heavily by mammalssuchasdeerandrabbits thattakeadvantage 
of the unburned brush as cover and adjacent open areas for 
feeding (Bell 1974; Bell and Studinski 1972: Bradford 1976; 
Carnes 1978; Larson 1985; Stavert 1976). Predators in turn are 
attracted to these ecotones by the concentration of herbivorous 
prey populations. 

Species of mammals respond to this mosaic of plant age 

classes, and to the network of ecotones between pieces, with 
shifting population densities and population centers. Many 
species of mammals that are abundant in recently burned chap- 
arral will berareor absent in chaparral that has not burned for20 
or more years. The opposite is also m e .  For example, young 
chaparral will have deer mice and coyotes, but no dusky-footed 
wood rats or California mice, while Californiamice and wood 
rats will be abundant in mature chaparral where deer mice and 
coyotes are lacking. Changes in relative abundances of the 
members of arodent community were studied for 5 years after 
a chaparral wildfire (fig. I). The population changes in this 
community followed four patterns: (1) populations of four 
species (deer mouse, cactus mouse, California mouse, and 
harvest mouse) increased, decreased, and disappeared in a 
period of a few years: (2) when present, the California pocket 
mouse and the desert wood rat were always relatively rare; (3) 
the brush mouse occurred in large numbers only at the end ofthe 
study; and (4) therelative abundance of thepacific kangaroorat 
was high but variable throughout the study. Similar patterns of 
post-firechangesin therodentcommunity overaperiodofyears 
have been observed by Wirtz (1981). 

HABITAT MANAGEMENT 

The smctureof thechaparral plant community is sometimes 
changeddeliberately tomeetvarious managementgoals, includ- 
ing creation or improvement of wildlife habitat. Chaparral has 
been converted to grassland to reduce fuel accumulations, to 
improverangelands, toprovideaccessandsafety for fiefighting 
operations, and to increase water yields. Chaparral shrubs have 
been reduced or removed altogether by various combinations of 
fire, herbicides, and mechanical manipulations (Green 1977). 
Brushremoval is frequently followed by planting ofperennial or 
annual grasses. The goal is sometimes not to replace chaparral 
with otherplantcommunities, but rather to keep selected brush- 
lands young enough to avoid the fie hazard associated with the 
accumulation of fuels in older chaparral. 

Allof thesealterations to theplantcommunity haveeffectson 
the animal community in varying degrees. Numerous studies 
have shown that the presence and relative abundances of 
mammalian speciesareaffected by manipulations by either fire, 
herbicides, or mechanical means (Bell 1974: Bell and Studinski 
1972; Carnes 1978; Lillywhite 1977a. 1977b; Quinn 1979, 
1983,1986; Stavert 1976; Wirtz 1974,1977,1981). Conversion 
from chaparral to grasscreates additional resources not only for 
some species of chaparral mammals, such as kangaroo rats, but 
also permits the existence of mammals that would otherwise be 
absent, such as California voles (Microrus californicus) and 
harvest mice (Bell and Studinski 1972: BIong and others 1978; 
Lillywhite 1977a, 1977b: Stavert 1976; Wirtz 1974, 1977, 
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1981). None of these manipulations is inherently desirable or 
undesirable for the wildlifecommunity as a whole, because the 
changes that enhance some mammalian species may be deui- 
mental to others. 

To optimizechaparral habitat forall speciesofwildlife, I offer 
four recommendations. First, keep chaparral in a mixture of 
several age classes. In this way, whatever the stages of plant 
community development that are optimum for a particular 
species of mammal, those stages will be present. It is unneces- 
sary to manage for chaparral habitats older than 20 to 30 years. 
By this agechaparral shrubs havereached their fullest structural 
development, and there is no evidence that any species of 
mammal will be benefited by allowing the plant community to 
grow older. For example, because of frequent fires, almost none 
of the many thousands of hectares of chaparral on the south face 
of theSan Gabriel Mountainsofsouthern Californiaisolderthan 
30 years, yet no species of mammal is known to be absent from 
this area because of the lack of older chaparral. 

Second, if chaparral is maintained in young age classes by 
design, such as prescribed fire, then the size of the treated areas 
should be on the order of 1 to 100 ha, rather than the thousands 
of hectares that are consumed by larger wildfires. The home 
ranges of most mammalian species are small enough that popu- 
lations can be supported inside areas of this size. Species with 
home ranges larger than the recommended treatment size, such 
as the bigger carnivores, will benefit by having a more hetero- 
geneous habitat within theirhomeranges. This habitatdiversity 
will provide these species with a widerrangeof food from which 
to select. A very important result of the creation of such a fine- 
grained habitat mosaic is the maximization ofecotones between 
ageclasses, and between chaparral and otherplantcommunities. 
As pointed out earlier, these ecotones are important to several 
species of grazing and browsing mammals, and to the predators 
that feed upon them. 

Third, any populations of native trees present in chaparral 
areas should be protected, and their growth encouraged. Trees 
are found in riparian areas and washes, on steep north and east 
slopes, in places with unusually deep soil, around springs, and at 
the upper elevational limits of chaparral where it intergrades 
with forests and woodlands. These trees provide shelter for a 
few arboreal and semiarboreal species of rodents including the 
western gray squirrel (Scirus gresius), a species that otherwise 
would not be present. The mast crops of the trees are an 
additional source of food for wildfire. Some trees, such as the 
coast live oak (Quercus agrifolia), have an understory of herbs 
and shrubs that serve as cover, browse, and fawning areas for 
mule deer. 

Fourth, all sources of surface water should be protected and 
enhanced. Many mammalian species, classified here as ripar- 
ian, have local distributions that are limited by proximity to 
water. These species will have their habitat extended by making 
water available in chaparral areas where it is now lacking, 
particularly in the rainless months of summer and fall. 

COMMUNITY STRUCTURE 

Evolution of Endemic Species 
The opportunity, either in time or space, for mammalian 

species endemic to chaparral to evolve has been limited. The 
California chaparral is circumscribed by a Mediterranean cli- 
mate which is quite recent, having first appeared during the 
Pleistocene Epoch (Raven 1973). Although California chapar- 
ral spans 12 degrees oE latitude, and occurs in several distinct 
geographical areas, it has a scattered distribution within most of 
that range. Extensive unbroken tracts of chaparral are found 
only in the mountains of southern California. Chaparral covers 
only about 3.5 million ha,or 5 percent, of thestateof California 
(Hanes 1977; Weislander and Gleason 1954). 

The first 12 species listed in fable I, 11 rodents and one 
lagomorph,areendemictochaparral. Compared tomammalsas 
a whole, all of these species have relatively short generation 
times and large numbers of ocfspring. They also have limited 
mobility and thus are relatively easily separated into distinct 
populations by geographic barriers. These characteristics have 
enabled these animals to speciate in chaparral despite the limi- 
tations of time and space. 

Five kangaroo rats (genus Dipodomys) have evolved in the 
California chaparral, and every chaparral area contains at least 
one such species. By the time the ancestors of these species had 
spread to California in the early to middle Pleistocene, a Medi- 
terranean climate had already developed and chaparral quite 
likely was subject to periodic fires. The speciation of thegenus 
was facilitated in three ways by preadaptation to the fire cycle: 
(1) kangaroo rats survive fires by remaining in their burrows 
(Quinn 1979); (2) their food resources, seeds and insects, are 
availableafter chaparral fires; (3) theopen habitat created by the 
f i e  is ideal for their foraging activities. 

Widespread Species 
Most species of mammals that occupy chaparral are also 

6 
found in other plant communities. Most of ihese species have 
ranges thatextend Carbeyond thelimits of chaparral. They have 
habitatpreferences thatinclude, but arenot limited to, chaparral. 
They exist in chaparral because of the resources that it has in 
common with other communities, not because of its unique 
attributes. For example, dense shrubs intermixed with openings 
provide suitable habitat for cottontail rabbits, mule deer, and 
gray foxes. These species are therefore found in chaparral, 
coastal sage scrub, broken coniferous forest, and many other 
places with similar habitat structure. Deer mice and California 
ground squirrels are found in chaparral after it is disturbed by 
fire, butthesespecies also occurin many othertypesofdisturbed 
habitats. 
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Species Numbers and Population 
Densities 

Investigatorsparticipating in theInternationalBiological Pro- 
gram (IBP) studied the small mammal fauna in the chaparral of 
San Diego County in each season for 2 years (Cody and others 
1977: Glanz 1977). They confined their analysis to rodents, 
since larger mammals were present in densities too low to 
facilitate comparisons between sites. Cody and others (1977) 
reported 2 to 4 common species of rodents, and 2 to 9 total 
species from 19 trapping grids of 0.5 ha each. Glanz (1977) 
listed 5 common species and 13 total species for al! grids 
combing. Trapping in nearby montane forestsresulted in fewer 
common (3) and total (9) species of rodents. Coastal sage scrub, 
on the other hand, had more common species of rodents (8) and 
consistently higher overall population densities than chaparral. 
In the chaparral of northern San Diego County, I found five 
common andeight total species of rodents in 5 yearsof sampling 
on a 6.8-hasite if ig.  I). In theIBP studies, combined population 
densities of all species of small mammals ranged from 3.0 to 
44.0 per hectare at four selecled sites. On a single site, a sandy 
ravine,combinedpopulation densitiesranged from 8per hectare 
in the spring to 44 per hectare 1 year later. 

Plant Foods 

Chaparra lproduces largeseasonalcropsofsee .  In 
mature chaparral, these seeds and fruits are produced by the 
shrubs. Some, such as manzanita (Arctoslaphylos) and various 
species of Prunus, are favored by mammalian herbivores. For 
the f i s t  2 to 5 years alter fie,  short-lived herbaceous and 
suffrutescent plants generate a large and diverse crop of seeds. 
These fruits and seeds are an important component in the diet of 
many rodents (Glanz 1977, Meserve 1976a) and probably ac- 
count, in part, for the fact that 50 percent of the mammalian 
species found in chaparral are rodents. Foliage of the mature 
shrubs is sclerophyllous, and many plant species have leaves 
laden with oils, terpenes, and other unpalatable secondary plant 
substances (Hanes 1977). Consequently the vegetative parts of 
some mature chaparral shrubs are regularly browsed by only a 
few species of mammals, such as thedusky-footed woodrat and 
the mule deer. Mature chaparral is largely devoid of an herba- 
ceous understory, and affords little food for grazing herbivores. 
Most herbaceous growth and the tender crown sprouts of young 
chaparral, on the other hand, are important sources of food for 
herbivorous mammals such as rabbits, mule deer, and rodents. 
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