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AUTECOLOGY OF COASTAL SAGE SCRUB BIRDS
AND SMALL MAMMALS

I.  OVERVIEW

BACKGROUND: SOUTHERN CALIFORNIA COASTAL SAGE SCRUB AND THE
NATURAL COMMUNITIES CONSERVATION PLANNING PROGRAM

Formerly widespread, California coastal sage scrub (CSS) now occupies only about 20% of its
original area (Westman 1981).  Concurrent with reduction in the extent of this vegetation type
has been reduction in the population abundances of a variety of vertebrate species dependent on
CSS, such that the continued persistence of several is of serious concern.  CSS now supports
approximately 100 animal and plant species considered rare, sensitive, threatened, or endangered
by California or federal wildlife agencies (Atwood 1993, McCaull 1994).  This vegetation type
has been the focus of the State of California s Natural Community Conservation Planning
(NCCP) program, which aims to design a reserve system to protect biological diversity while
allowing economic development to proceed in areas of lower biological significance (Atwood
1993, State of California 1993, McCaull 1994).  The NCCP program has evolved largely in
response to the legal protection given to one coastal sage scrub species, the California
Gnatcatcher (Polioptila californica).  Thus, planning decisions have emphasized the
conservation of this species, as well as other target  species (Atwood 1993, State of California
1993, Atwood and Noss 1994).

Numerous surveys of the distribution and abundance of the gnatcatcher were performed
throughout its range in Southern California in anticipation of its listing, and much research on its
biology continues through the present (see Rotenberry and Scott 1998 and other papers in
Western Birds, volume 28).  Unfortunately, considerably less is known about other bird species,
much less other vertebrate groups such as small mammals, reptiles, and amphibians.  Our study
was designed to remedy this lack of knowledge for birds and small mammals by characterizing
the geographical distributions and habitat associations of representative CSS species on sites
likely to serve as core CSS reserves.  Our sampling permits an evaluation of the relative
contributions of spatial (both local and landscape) and temporal (seasonal and yearly) variation
to the distribution of individual species as well as the species composition of vertebrate
communities.  The results of our study provide an important baseline of information for
predicting the presence or absence of a variety of birds and small mammals in coastal sage scrub
habitats of southern California.  Such information is prerequisite to designing a set of ecological
reserves to preserve the biological diversity of this unique habitat type.

OBJECTIVES OF THE STUDY

Our original proposal to the USGS Biological Resources Division (then known as the National
Biological Service) identified four main objectives of the study:

(1) To establish quantifiable baseline information on habitat associations and
environmental variables that may be useful in predicting the presence or absence of a
variety of birds and small mammals in coastal sage scrub of southern California;
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(2) To monitor annual variation in species abundances;

(3) To determine the sensitivities of these species to habitat fragmentation over multiple
spatial scales; and

(4) To identify processes associated with "edge effects" on these species, particularly
those that have implications for reserve buffers.

In addition to producing new information on abundances and habitat associations of vertebrates
found throughout CSS, by sampling sites likely to serve as core CSS reserves as part of the
California Natural Communities Conservation Plan, we can evaluate the efficacy of these sites
for protecting a variety of species.  We will also identify important processes occurring at the
boundaries of CSS patches, which will provide information useful for developing and managing
reserve buffers.  Finally, we will attempt to place our results on habitat associations and edge
effects in a landscape context, potentially determining how the surrounding habitat matrix and
fragment size influences the probability that any particular piece of CSS will contain certain
species.

OVERVIEW OF THIS REPORT

In this report we present results of our sampling from 1995-1997.  Following a presentation of
our sampling design and analytical methods (Sections II and III), we describe the study areas and
geographic patterns in the floristic composition and structure of coastal sage scrub vegetation,
and in the landscape context of coastal sage scrub fragments (Section IV).  We then outline the
composition and temporal variation of animal comminutes detected at each site, followed by
individual species habitat relationships with respect to local and landscape variables, and
geographical variation (Section V).  Following some brief concluding remarks (Section VII), we
present species-by-species summaries of the results (Section VIII).  Finally, we attach as
appendices papers arising from the study that have been published, are in press, or are currently
being prepared for submission.

The numerous tables and figures are interspersed in small groups within the body of the text,
usually near their first reference in the text.  The bulk of the basic data are presented in a series
of large tables that are included in the body of the report.  These tables include

Tabl es 7, 10, and 11:  Means and standard er ror s of habitat,  fl ori st ic,  and landscape vari ables
for each sit e.

Tabl es 17- 21:  Distr ibution of bir d species among si tes for each of five seasons.
Tabl es 22- 25:  Distr ibution of small  mammal species among si tes for each of four seasons.

Patt erns of annual  vari ati on in species abundances are presented i n

Tabl es 34- 35:  Signi ficant  changes i n species abundances bet ween sam pli ng periods. 
Tabl es 36- 37:  Concordance i n species dist ri but ions bet ween sam pli ng periods.
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The major analyses are the animal-habitat regressions.  These results are presented in several
large tables, including

Tabl es 41- 44:  Logistic regr ession and regressi on coeff ici ents of individual  speci es
pr esence/absence on local and l andscape habi tat  vari abl es. 

Tabl es 46- 49:  Logistic regr ession and regressi on coeff ici ents of individual  speci es
pr esence/absence on habitat and geographical   vari ables.

LIS T OF TABLE S

  Secti on II . SAM PL ING STRAT EGI ES AND MET HODS

Tabl e 1.  Si te nam es, codes,  and l ocati ons.
Tabl e 2.  Vertebrate sampl ing effort .
Tabl e 3.  St ructur al  veget at ion measurements measured and calculat ed for each sample point .
Tabl e 4.  Landscape- level variables cal cul at ed for  each sample poi nt .
Tabl e 5.  Cumul ati ve mammal species richness at  a point  vs. num ber  of consecuti ve days of

sampling.
Tabl e 6.  Variation in speci es com posit ion within and between study sit es. 

  Secti on IV.  LOCAL  AND LANDS CAP E VEGET ATI ON— THE  HABIT AT TEM PL ATE  FOR ANI MAL

SPE CI ES  DIS TRIBUTIONS 

Tabl e 7.  Means and standard er ror s of str uctur al variables and pr incipal component factor  scor es. 
Tabl e 8.  Pr incipal com ponents analysis of  habi tat  structural vari ables.
Tabl e 9.  Codes, sci ent ifi c nam es,  and com mon names of plant  taxa. 
Tabl e 10.  Means and st andar d errors of  fl or ist ic variables and detr ended correspondence analysis

scor es. 
Tabl e 11.  Means and st andar d errors of  landscape variables and pr incipal component factor 

scor es. 
Tabl e 12.  P rincipal  components anal ysi s of landscape vari ables.
Tabl e 13.  Corr elati ons am ong f inal set s of reduced and synt hesized var iables.

  Secti on V.  VERTE BRATE DIS TRIBUTION AND DIVERSIT Y IN COAST AL SAGE SCRUB

Tabl e 14.  Codes, common nam es,  and sci ent if ic nam es of  al l bir ds detected ( checkl ist order) .
Tabl e 15.  Codes and common nam es of  al l bir d species detect ed (al phabetical  or der ). 
Tabl e 16.  Codes, common nam es,  and sci ent if ic nam es of  al l mam mal  species detected. 
Tabl e 17.  Dist ribut ion of  bird species, S pr ing 1995.
Tabl e 18.  Dist ribut ion of  bird species, F al l 1995.
Tabl e 19.  Dist ribut ion of  bird species, S pr ing 1996.
Tabl e 20.  Dist ribut ion of  bird species, F al l 1996.
Tabl e 21.  Dist ribut ion of  bird species, S pr ing 1997.
Tabl e 22.  Dist ribut ion of  smal l m am mal  species, S pr ing 1995.
Tabl e 23.  Dist ribut ion of  smal l m am mal  species, F al l 1995.
Tabl e 24.  Dist ribut ion of  smal l m am mal  species, S pr ing 1996.
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Tabl e 25.  Dist ribut ion of  smal l m am mal  species, F al l 1996.
Tabl e 26.  T otal num ber s of small mammals captured at each site duri ng each sam pli ng period. 
Tabl e 27.  Bird species ri chness at NCCP sit es. 
Tabl e 28.  Mamm al speci es ri chness at NCCP  sites.
Tabl e 29.  Corr elati ons of  species r ichness wit hin and bet ween maj or  taxa. 
Tabl e 30.  Results of Detr ended Corr espondence Analysis of  birds and sm all  m amm als.
Tabl e 31.  Corr elati ons am ong bird-based DCA scores for  species and for  points. 
Tabl e 32.  Corr elati ons am ong m amm al -based DCA scores f or speci es and f or point s.
Tabl e 33.  I ntercorr elations am ong bird-based and mammal-based DCA scor es for points.
Tabl e 34.  S ignifi cant changes in bi rd speci es det ections between sampl ing peri ods.
Tabl e 35.  S ignifi cant changes in mammal species det ect ions bet ween sam pli ng periods.
Tabl e 36.  Concordance in bi rd speci es distr ibutions between sampl ing peri ods.
Tabl e 37.  Concordance in mammal species distri but ions bet ween sam pl ing peri ods.
Tabl e 38.  Comm uni ty-level  concordances between sampling per iods.
Tabl e 39.  Number of  occur rences of dif fer ent count cat egori es used in logistic regr essions of

bi rd speci es di str ibuti on on habit at  variabl es. 
Tabl e 40.  Number of  occur rences of dif fer ent count cat egori es used in logistic regr essions of

mamm al speci es distr ibution on habit at var iables.
Tabl e 41.  L ogi sti c regressi on of bi rd presence/absence on l ocal and landscape habit at var iables.
Tabl e 42.  L ogi sti c regressi on of mammal presence/ absence on local  and landscape habitat

vari abl es. 
Tabl e 43.  S tandar di zed logi sti c r egression coeffi ci ent s f or  bi rd pr esence/absence on l ocal and

landscape habit at variables. 
Tabl e 44.  S tandar di zed logi sti c r egression coeffi ci ent s f or  sm all  m amm al pr esence/absence on

local and landscape habitat var iables.
Tabl e 45.  Geographi c vari at ion in habi tat  vari abl es.
Tabl e 46.  L ogi sti c regressi on of bi rd presence/absence on habi tat  and geogr aphical  variabl es. 
Tabl e 47.  L ogi sti c regressi on of mammal presence/ absence on habit at  and geographi cal

vari abl es. 
Tabl e 48.  S tandar di zed logi sti c r egression coeffi ci ent s f or  bi rd pr esence/absence on l ocal and

landscape habit at variables and geographical  coordinates.
Tabl e 49.  S tandar di zed logi sti c r egression coeffi ci ent s f or  mammal presence/absence on local

and landscape habi tat vari ables and geographical coordi nat es.
Tabl e 50.  Mult ipl e regressi on of bi rd and m amm al communit y Det rended Corr espondence

Anal ysi s scores on l ocal and landscape habit at var iables.
Tabl e 51.  S ignifi cant coeff ici ent s for  mult ipl e r egression of bir d and mamm al com munit y

Detr ended Correspondence Analysis scores on local and l andscape habi tat  vari abl es. 
Tabl e 52. Multi ple r egr ession of bir d and mammal com munity Detr ended Correspondence

Anal ysi s scores on habi tat  and geogr aphical  variabl es. 
Tabl e 53.  S ignifi cant coeff ici ent s for  mult ipl e r egression of bir d and mamm al com munit y

Detr ended Correspondence Analysis scores on local and l andscape habi tat  vari abl es
and geographical coordi nat es.
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II.  SAMPLING STRATEGIES AND METHODS

This section provides a comprehensive description of the focal study areas ( sites ) in terms of
both local, site-specific vegetation composition and habitat structure, and landscape-level
attributes, especially regional composition of major vegetation types.  These are are the variables
against which vertebrate distributions will be compared.  They also provide a baseline against
which future environmental change can measured.

SOUT HERN CAL IFORNI A COASTAL SAGE S CRUB

Coastal  sage scrub vegetat ion in Southern Calif ornia has been dist ingui shed from other veget ati on
types in Southern Calif ornia by it s distinct  pl ant  species composi ti on and structure. It is a drought-
deci duous shrubland found in ci smont ane sout her n Cal iforni a and Baja Calif or nia that  is domi nat ed
by shrubs of  0. 5 to 2.0 m in height (Westm an 1981) . The domi nant shr ubs incl ude Cali for nia
sagebrush (Artemisia calif ornica),  black sage (Salvia mel li fera),  whit e sage (Salvia apiana), 
Cali for nia encelia (Encelia cali fornica) , br itt lebush (Encelia fari nosa),  and Cal if ornia buckwheat
(Eriogonum fasci cul at um; O’Leary et . al. 1992,  West man 1981, 1983).   P lant species com posit ion
vari es wit hi n this broadly defi ned habi tat , and several  di st inct types of coast al sage scr ub have been
identif ied ( Westman 1983, White & Padley 1997). 

SAMP LING S TRATE GIE S - AN OVE RVI EW

Our goal was to sample birds and small mammals across as large a range of coastal sage scrub
habitat types as possible, given certain logistical constraints. Our study was thus presented with
the classic dilemma of the tradeoff between extensive vs. intensive sampling.  Following
recommendations in Ralph et al. (1995), and our own need to survey throughout a broad region,
we traded more exhaustive sampling at each point for an increase in the number of points and
sites sampled. Therefore, we chose sampling methods that would allow us to detect as many
species as possible while still allowing us to maximize the number of geographically distinct
sites sampled in the three-county study area.

Si nce the pr oject ai ms wer e to ident ify the range of  di ver si ty acr oss coastal sage habi tat s,  it  was our 
objecti ve to sampl e bir d and mammal diversit y (Magur ran, 1988),  not to exhausti vel y enumer at e
species ri chness at indivi dual census points wi thi n sit es.   Species enumer at ion is a technique that is
convent ional ly used for  detecti ng speci es losses in small fr agm ent s (Lynam , 1995; Soule et  al.
1988; Bolger  et . al.  1997a) and was not  appr opr iat e for  this st udy.  Instead, alpha (wi thi n- poi nt)  and
beta (between-point or bet ween- sit e)  di ver si ty wer e det erm ined by comparing sam ples of bir d or
mamm al diver sit y acr oss census poi nt s and si tes.  This approach is t ypi cal ly used in many landscape
st udies (e.g., Bol ger et al. , 1997a, b).   Mor eover,  the adequacy of  this appr oach for  detecti ng speci es
can be tested ( see below). 

FOCAL STUDY AREAS

The NCCP conservation planning region encompasses an area approximately 2,000 square
kilometres in size (State of California 1993) (Fig. 1).  At this large spatial scale we chose a suite
of study sites to obtain maximum geographic coverage over the planning region.  These sites
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were located on lands variously owned or managed by federal, state, and county authorities, and
by private organizations including National Audubon Society and Irvine Company/The Nature
Conservancy.  We then identified multiple locations ( points ) within each study site to conduct
actual counts/samples of birds and small mammal presence and abundance.

SITE SELECTION

Sites (Table 1, Fig. 1) were chosen with the goal of collecting baseline data on the habitat
associations of coastal sage scrub species of birds and small mammals in both small and
relatively large habitat reserves.  We attempted to choose sites with approximately equal
representation in each of the three counties in the study area (Riverside, Orange and San Diego).
Although all sites contained CSS vegetation type, they were also selected based on their
accessibility for sampling birds and small mammals.  During the first year (1995), suitability for

sampling reptiles and amphibians
(surveyed by UCSD researchers)
also played a role in site selection,
but this criterion was subsequently
relaxed.  Ten sites were selected
between January 1995 and April
1995 based on consultation with
CDFG NCCP staff and logistical
considerations.   One additional
site,Torrey Pines State Park, was
added for the fall program of
mammal sampling but was not
censused for birds, and one was
added for fall bird censusing,
Dawson Canyon, but was not
sampled for mammals.  (As
Dawson Canyon subsequently
burned prior to vegetation
sampling, it was omitted from most
analyses.)  Issues of sampling
adequacy arose after examination
of preliminary data collected the
first year.  We performed a
theoretical analysis of the issue
(see below) and, as a result, we
elected to add new sites rather than
expand the number of points at
existing sites.  Thus, for 1996 we

added ten more sites, selected after consultation with CDFG and NBS (now USGS/BRD) NCCP
staff, to bring the total up to 22 sites.  For a variety of logistical reasons, not all sites were
sampled for all taxa in all years or seasons (Table 2).

Orange Co.

Riverside
Co.

San Diego
Co.

Pacific
Ocean

BOSPUCR
SYCA

LAPE

MRRE

KABI

LASK

SAMA

ORHI

LICA

SACA

SYHI
STRA

RMVI

PAVA

BLCA
WAPA

TPSP

POLO
SWRI

CHVI

DACA

Figure 1.  NCCP bird and small mammal study sites, 1995-1997.  See
Table 1 for site codes.
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Tabl e 1.  Si te nam es, codes,  and l ocati ons, NCCP coastal sage scrub sur vey, 1995-1997.  See also F ig. 1.

Location ( UT M)a

  Si te Code Owner/Manager East ing
(x 104)

Nort hing
(x 105)

County

Bl ack Canyon BL CA U. S.  Forest Ser vice 51.6 36.6 San Diego

Box Spr ings BOSP Ri versi de Count y P ar ks 47.2 37.6 Ri versi de

Chul a Vist a CHVI Chul a Vist a Par ks and Open S pace 49.8 36.1 San Diego

Dawson Canyon DACA Ri versi de Count y 45.8 37.4 Ri versi de

Kabi an Par k KABI Ri versi de Count y P ar ks 47.7 37.3 Ri versi de

Lake Perri s LAPE Cali for nia P arks and Recreat ion 48.4 37.5 Ri versi de

Lake Skinner LASK Metr opolit an Water  Dist rict 49.7 37.2 Ri versi de

Li mestone Canyon LI CA Ir vi ne Co. /Nature Conservancy 43.7 37.3 Or ange

Mott e Rimr ock Reserve MRRE University of Cali forni a 47.6 37.4 Ri versi de

Or ange Hil ls ORHI Or ange Count y Regi onal Par ks 42.7 37.4 Or ange

Pamo Valley PAVA U. S.  Forest Ser vice 51.5 36.7 San Diego

Point L oma POLO Naval Resear ch and Development 47.7 36.2 San Diego

Rancho Missi on Viejo RMVI Rancho Missi on Viejo 44.7 37.1 Or ange

Sand Canyon Reservoi r SACA Or ange Count y 42.7 37.2 Or ange

Sant a Margar ita SAMA San Diego St ate University 48.4 37.0 Ri versi de

St ar r Ranch ST RA Nati onal Audubon S ociet y 44.9 37.2 Or ange

Sweetwater  River SWRI U. S. D.I . Nat ional Wi ldl ife Refuge 50.5 36.2 San Diego

Sycamor e Canyon SYCA Ri versi de Count y P ar ks 47.0 37.6 Ri versi de

Sycamor e Hil ls SYHI Or ange Count y 43.0 37.2 Or ange

Torr ey Pines St ate P ark TP SP Cali for nia P arks and Recreat ion 47.6 36.4 San Diego
University of Cali forni a,
   Riversi de

UCR University of Cali forni a 47.0 37.6 Ri versi de

Wi ld Animal Par k WAPA San Diego Zoological  Society 50.2 36.6 San Diego

a  Average UT M of all  sampl ing points wi thi n each sit e
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Tabl e 2.  Vertebrate sampl ing effort , NCCP  coastal  sage scrub survey, 1995-1997.  Al l sites wer e sam pled
for vegetati on (N = 234 points)  and landscape vari ables (N = 229 poi nts).  S ee Table 1 for  site names.

Bi rds Mamm als

1995 1996 1997 1995 1996Si te

spri ng fall spri ng fall spri ng spri ng fall spri ng fall 

BL CA  +  +  +  +  +  +  +  +  +

BOSP  +  +  +  +

CHVI  +  +  +

DACA  +  +  +

KABI  +  +  +  +  +

LAPE  +  +  +  +  +  +  +  +  +

LASK  +  +  +

LI CA  +  +  +  +  +  +  +  +  +

MRRE  +  +  +  +  +  +  +  +  +

ORHI  +  +  +  +

PAVA  +  +  +  +  +  +  +  +  +

POLO  +  +  +  +  +

RMVI  +  +  +  +  +

SACA  +  +  +  +

SAMA  +  +  +  +  +

ST RA  +  +  +  +  +  +  +  +  +

SWRI  +  +  +  +  +  +  +  +  +

SYCA  +  +  +  +  +  +  +  +

SYHI  +  +  +  +  +

TP SP  +  +  +  +  +  +

UCR  +  +  +  +  +  +  +  +

WAPA  +  +  +  +  +  +  +  +

Total
  point s

120 125 219 207 238 78 125 168 163

Total
  si tes

10 11 21 21 22 8 11 16 19
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CENSUS POINT LOCATIONS

We attempted to find locations within each site that were amenable to sampling multiple taxa
and that satisfied the different constraints imposed by the sampling methodologies used for
different taxa.  Census points were selected in areas dominated by shrub species characteristic of
coastal sage scrub, and were at least 50 meters from ecotones with other habitat types.

To maintain independence of sample units (i.e., to avoid sampling the same individuals at
neighboring points), census points were at least 200 m (and usually >250 m) apart.  For example,
this distance is far greater than the average lifetime movements of individual rodents (Price et. al.
1994).  In 1995, census points were placed in flat areas where possible to accomodate
reptile/amphibian sampling constraints, although this constraint was subsequently relaxed as
herpetological sampling became independent of our effort.  Bird and mammal sampling points
(see below) were centered within 15 meters of each other.

Between 4 and 20 poi nts were pl aced at each sit e, depending on the area of  coastal  sage scrub
habi tat  avai lable.   The mi ni mum  number of point s est abl ished at  a parti cul ar  si te was determ ined by
the area of the si te and amount  of  coastal  sage scrub vegetation available at t he si te.   T he upper  l imi t
was det erm ined by the amount  of  ti me it  took to move am ong points.   In gener al,  we coul d process
10 points for bird surveys in a morning, and about  that  many for small mam mal counts in an
evening. T hus, most sit es had a maxi mum  of  either 10 or  20 sampling poi nts.

VEGETATION SAMPLING METHODS

LOCAL VEGETATION ATTRIBUTES

Vegetation structure and composition were measured at sampling points using a modified
version of the technique described by Wiens and Rotenberry (1981a).  Most measurements were
taken between 19 March to 15 May, 1996, but a few were completed in spring, 1997.  Vegetation
was sampled along two perpendicular 50-m transects connected at the end in an L  shape.  The
vertex of the L was placed either at the center of the bird sampling point (which usually lay
within the mammal trapping grid) with the first transect arm oriented in a randomly determined
direction, or at the center of a random edge of the trapping grid with the first transect arm set 90°
to the edge and passing  through the grid.  For each vegetation sample, the compass direction and
slope of each of the transect arms was recorded.  Vegetation data were gathered using both line
intercept and pin drop methods, as well as a visual assessment (Table 3).

Line intercept

We used line intercept to estimate coverage values for different classes of emergent (as opposed
to substrate or ground cover) vegetation.  These structural classes (and mnemonic codes) were
(1) percent cover of bunch grass (PC_BUNGRAS), (2) percent cover of exotic forbs, the most
common of which was a species of Brassica (PC_BRASS), (3) percent cover of native forbs
(PC_NATFORB), (4) percent cover of exotic grass (PC_EXGRASS), (5) percent cover of shrub
(PC_SHRUB), (6) percent cover of woody standing dead (PC_DEAD), and (7) percent cover of
trees (PC_TREE).  For the two, 50-m line intercept transects, only vegetation that was directly
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under the tape was recorded.  Vegetation in each decimeter directly under the two, 50-m tapes
was placed into the appropriate category, then coverted to percent cover by dividing the number
of decimeters in each category by the total number of decimeters (1000).  We also assessed the
degree of horizontal patchiness or heterogeneity of vegetation by recording the number of
transitions between different vegetation cover types along the tapes (NUMCHANG).

Pin drop

Pin drops were conducted at a random point within each 2-m interval along each of the two 50-m
tapes, for a total of 50 sampling points.  At each point we recorded the nature of the gound cover
or substrate, and the species identity of each plant that touched the pin.  Substrate classes
included (1) bare ground (GC_BARE), (2) cryptogamic crust (GC_CRYP), (3) fine litter, usually
from grass or small forbs (GC_LITTER), (4) coarse litter, usually from woody shrubs
(GC_WOOD), and (5) rock (GC_ROCK).  We recorded the total number of species contacted at
each point.  We also recorded the number of vegetation contacts ( hits ) occurring in three
height classes: 1-3 dm, 3-5 dm, and >5 dm above the substrate surface.  Litter depth was
measured to the nearest 1cm at the point.  Contact data were converted to percent cover by
dividing the number of pin drops on which each substrate category or plant species occurred by
the total number of pin drops (50).  The occurrence of vegetation in each height class was
converted to a percent cover in a similar manner(HITS_1_3, HITS_3_5, HITS_5).  We averaged
litter depth (LITTERDE) and number of species (NO_SP) over the 50 points. Note that because
multiple plant species may occur at a point, the sum of individual species  coverages can exceed
100%.

Visual assessment

We visually assessed the presence/absence of three conspicuous features within a 50-m radius of
each sampling point:  (1) any large (>2-m diameter) clumps of Opuntia (CACTUS); (2) any
large (>2-m diameter) rock outcrops (ROCK); and (3) any distinct footpath or dirt road (TRAIL).

LANDS CAP E VARIABLE S

Landscape variables wer e generated from  di gi tal  vegetat ion maps pr ovided by San Di ego,
Ri versi de,  and Orange counti es.   E ach county had prepar ed their  maps based upon the vegetati on
cl assif icati on used by the stat e of Cal ifornia’s Nat ural Diversity Database (Holland 1986) .
However , each county modif ied this syst em to varyi ng degrees, and each had chosen a som ewhat 
di ff erent level  in the hierarchical classi fi cat ion syst em to apply.  As a resul t, the diff er ent  maps
needed to be br ought  into the same classif icati on system bef ore any cross- count y analyses could be
conduct ed.   The map from Riverside County used the coar sest habitat classes,  and t heref ore we used
it  as the st andard to which the ot her maps were br ought  into agreement.   We col lapsed the habit at
types found in each map into a com mon set (T abl e 4),  based roughly upon the types found in the
Ri versi de map.  Once each map was re-coded to the new habi tat types,  the boundaries bet ween
habi tat  polygons wit h the same new type were di ssolved.   T he resul ti ng maps wer e based upon the
same, consistent habitat classi ficat ion, and were much mor e sim ilar in their  polygon geometr y
(par ticularl y thei r mean pol ygon areas) .  We based our landscape var iable measurem ents upon these
maps.  The r esulti ng maps had m ini mum m apping unit s of approxim ately 0. 1 ha. 
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The location (Universal Transverse Mercator, or UTM) of each sampling point was determined
with a Trimble  global positioning system.  Coordinates were recorded in the field, then

differentially corrected to a circular error of ± 5-10 m.  Each point was then overlain on the

vegetation map layer in a geographical information system using ARC/INFO.

To characterize the landscape context of each point we calculated the area (m2)of each of the 9
landscape vegetation types in circles of 500 and 1000 m radius around each of our points.  We
also calculated the perimeter (m) of each vegetation type within each of the circles, and the
perimeter/area ratio for coastal sage scrub.  Subsequent analysis revealed that, for each
vegetation type, the amount within the 1000-m radius was very highly correlated (r s ≈ 0.80 —

0.95, N = 230) with the amount within the 500-m radius.  Therefore, we dropped the 1000-m
data from further consideration.  Subsequent analysis also revealed that, for all vegetation types
except coastal sage scrub and other shrublands, perimeter was highly correlated (r s ≈ 0.85 —

0.95, N = 233) with area.  Therefore, we also dropped perimeters (except for coastal sage scrub
and other shrublands) from further consideration.  Although one might argue that perimeter
might be a more important correlate of some biological attribute than area, because of the high
correlations we would be unable to distinguish its effects from those of area.  We also measured
the distance (m) from each point to the edge of the vegetation polygon it was in, and the distance
(m) to the edge of the nearest urban polygon (Table 4).
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Table 3.  Structural vegetation measurements measured and calculated for each sample point.

Type of Measurement Codes Description

Pin Drop Measures Substrates (percent cover)

   GC_BARE bare ground
GC_CRYP   cryptogammic crust
GC_LITTER  fine litter (grass and small forbs)
GC_WOOD    coarse litter (woody debris)
GC_ROCK     rock

LITDEPTH   average litter depth (cm)
HITS_1_3   average number of hits 1-3 dm per pindrop
HITS_3_5     average number of hits 3-5 dm per pindrop
HITS>5      average number of hits > 5 dm per pindrop

NO_SPECIES average number of species at each pindrop

Line Intercept Measures   Canopy vegetation (percent cover)

PC_BNGRS        bunch grass
PC_BRASS      exotic forb (mainly the mustards Brassica,

Hirschfeldia)
PC_NATFORB      native forb
PC_EXGRASS     exotic grass (mainly Avena, Bromus,

Schizmus)
PC_SHRUB    shrub
PC_DEAD       standing dead (woody)
PC_TREE      tree

NUMCHANG   number of changes between cover classes
along the length of the transects

Vicinity Attributes Presence within 50m-radius of point

CACTUS large (>2-m diameter) clumps Opuntia
ROCK large (>2-m diameter) outcrops of rock
TRAIL distinct footpath or dirt road
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Tabl e 4.  Landscape- level variables cal cul at ed for  each sample poi nt .

Type of  Measurement Code Description

Total area ( ha)  wi thin 500-m  of  point:

AGRI C_A5 Agri cul tur e (fi elds and or chards)
AQUAT_A5 Aquatic (m ai nly lakes)
CS S_A5 Coastal  sage scr ub
NATGR_A5 Nati ve grassland
EXGR_A5  Exot ic grassland
WOOD_A5  Woodland ( including for est )
URBAN_A5 Ur ban
SHRB_A5  Shrublands ( e.g., chaparral;  excludi ng CSS )
RI P_A5   Ri parian

Total peri meter  (m ) of polygons wit hin  500-m of point :

CS S_P5   Coastal  sage scrub
SHRB_P5 Shrublands ( excluding CSS) 

Peri met er/ Ar ea rat io wi thi n 500-m of  point :

CS S_P_A5 Coastal  sage scrub

Di st ance ( m)  fr om point  to other f eatur es: 

EDGE DIS T to edge of  polygon cont aining point
URBDIST to near est  ur ban polygon
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ANIMAL SURVEY METHODS

We refer to our primary sampling units interchangeably as points (positions where bird counts
were made) or as grids (where mammals were trapped).  Mammal grids consisted of four rows of
four traps positioned 8m apart (see below).  Where both bird and mammal sampling took place,
the bird point was generally located inside the mammal grid, or in a few cases within 15 m of it.

BIRDS

Sl ightl y dif fer ent  t echniques were used to sample bi rds duri ng and f all  seasons.

Spri ng

In spri ng,  breeding resident  and migrant bir ds wer e sam pled usi ng two 5-mi nute unl im ited-r adius
counts conducted at each poi nt (Ralph et al.  1995) .  Al l bir ds det ected fr om  the poi nt center were
incl uded, except f or  those not usi ng the scr ub habit at type or those speci es that ar e not well- sam pl ed
by point counts (see Sampl ing Biases, below) .  Individual bi rds known to be previously recor ded at 
anot her  sampling poi nt were not  recorded again.   F ir st count s each year  began i n m id- t o l at e March, 
af ter breedi ng had begun, and were usually concluded by late-April  or earl y May.  Second counts
began shor tl y after conclusi on of the first counts, and were compl et ed by late May or earl y June.
Thus sampl es at  a point  were usual ly 4- 5 weeks apart , ensuri ng an oppor tunit y to det ect  both early
br eeder s and late ar riving species (as suggested by Ral ph et  al . 1995).   S econd samples at  each si te
were made in the sam e order as fir st  sampl es to ensure that each sit e was sampl ed in both early and
late spring.   T o avoid obser ver  bi as, each point was sampl ed by di ff erent obser ver s on the first and
second visit .  To avoid potenti al bi as due to time of day and weat her condit ions, point  counts took
pl ace between sunr ise and 5 hours af ter  sunr ise on mornings wit h no rai n or str ong wind, and the
or der in whi ch poi nt s were sampled within each sit e was reversed bet ween the fi rst  and second
vi si ts to the site.  Due to these ti me const rai nts, sit es wi th mor e than 15 poi nts were surveyed over
two mor nings (usuall y by visiti ng half on one day and t he ot her  half  on the fol lowing day) .

Fall

Fall surveys of nonbreeding residents and overwintering migrants were conducted at the same
points as spring surveys but consisted of a single 15-min visit to each point between early
November and late December.  The survey technique was modified because of the reduced
detectability of many bird species during the non-breeding season (Ralph et. al. 1995).  Each
survey included a 5-min fixed radius point count followed by a 10-min area-restricted search
within 50 meters of the point location.  All detections were classified as in the spring point
counts with one additional category for individuals detected in the 10 minute area search.
Surveys took place between sunrise and 5 hours after sunrise on mornings without rain or strong
wind.

SMALL MAMMALS

Sm al l mamm al s were sampled over  three consecuti ve days of tr apping at each point, using folding
Sher man li ve-tr aps spaced 8 m apar t in a 4 x 4 gri d.   S pri ng sampl es were taken in May- June and
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fall  sampl es in October -December.  T hree-day tr apping peri ods were chosen because longer-t er m
tr apping at a subset  of  points showed that  90% of al l species detect ed wit h a 7-day trap per iod  wer e
detected at each t rappi ng point  by t he thi rd day ( see below) .  Because small  mammal act ivi ty can be
af fected by moonli ght (Pri ce et  al . 1984),  trapping was not done for  two days before and aft er the
full  moon. 

Tr aps were bait ed wi th a m ixtur e of rol led oats, peanut  butt er and corn syrup.  Tr aps were opened at 
dusk, then cleared between 0530 and 1100 the followi ng day.  If  any endanger ed speci es was
detected at any census poi nt , the pr otocol  was imm ediat ely changed so that  traps wer e opened at 
dusk, and then clear ed and closed im mediat el y after dawn for  the dur ati on of  sampl ing at all  census
points at the part icular sit e. The over all  mort ali ty rate at tri but able to tr apping stress was 1.75% of a
total of 6813 capt ur es and 26,832 tr ap- night s of sam pli ng.   Losses t o mamm al ian pr edators and ants
incr eased the t otal mor tal it y t o 2.22% of captures.

Mamm als were ident if ied to species using custom ized keys der ived from Ingl es (1965),  Jameson
and Peeter s (1988) , Pri ce and Endo (1989),  and Eri ckson and Pat ten (in press), and were aged,
sexed, wei ghed,  and mar ked, then rel eased at  the poi nt of capture.   Toe-cl ipping was used to
indi vidual ly mark al l anim al s except  Di podomys st ephensi in the fi rst census.  In the second census, 
mamm als were marked eit her  by t oe- cl ipping or eart ags.  Toe- cli ppi ng was discontinued i n 1996.

Our censuses obviously sample only those species that enter Sherman live-traps.  Pit-trapping
has elsewhere been used to detect small mammals that may avoid other types of live-traps
(Laurance 1992, Lynam 1995; see below).  We did not use pit-trapping in our surveys, in part out
of concerns for animal mortality, and in part so as not to interfere with ongoing pit-sampling for
reptiles and amphibians conducted by UCSD researchers.

POTE NTI AL SAMPL ING BIAS ES

It  is impossibl e to document  every indi vidual in an ecological com munit y (Magur ran 1988).
Ther efore,  a sampl ing appr oach was used to compare bird and mam mal  diversi ty between si tes and
am ong points wi thi n sit es.   A sample is as good as t he met hods used to obser ve or tr ap ani mals. 

BIRDS 

Point counts ar e most effect ive at  detecti ng di urnal  songbir ds (Ralph et al.  1995) .  Al though we
occasional ly recor ded diur nal rapt or s, many have lar ge hom e ranges and are bett er detected using
tr ansects that cover  large areas in a shor t per iod of time (e.g., roadside surveys).   We int ent ional ly
rest ricted our sam pl ing to coastal  sage scrub vegetation, and species that  were pr esent  wi thin the
si tes but occur ring pri mar il y in other habit ats (wat erf owl , wading birds, gr assland species such as
Horned Lar ks) were detected onl y sporadicall y.  Our counts do not ef fectivel y sample owls or  ot her 
noct urnal speci es,  nor do they sam pl e crypti c species.

SMALL  MAM MALS

Sher man tr aps and st andard bait s wer e used i n all censuses.  Box t raps are t he most eff ect ive capt ur e
devi ce for  trapping most small mam mals wit hout inj ur y (Wil son et. al . 1996),  and Shermans ar e



21

equal or superi or in capture success to wi re-cage tr aps (C. Kendal l,  unpubli shed dat a).   Bai t
mi xt ures consisting of peanut butt er  and oat s are a standard and eff ect ive attr act ant f or li ve- trapping
(Wil son et . al.  1996).  Sher man tr aps of the si ze used in this study (8x9x23cm)  have been
ef fecti vel y used elsewhere to detect  most gr oups of non-volant mam mals (mainly rodents)  that 
potenti all y occur in coast al  sage habit ats, including muri ds, heteromyi ds,  criceti nes (M’Closkey
1972, Meserve 1976, Clarke et al. 1988,  Pr ice and Endo 1989) , and mi crotines (S alvioni and
Li di cker 1995).   S herman live-t raps are al so approved for detecting two federal ly- li sted species
(S tephens’ kangaroo rat  and Pacifi c pocket  mouse) that occur  wi thi n the geographic areas where we
sampled.  Because we di d not  sampl e typical habitat for  thiese speci es,  we expected that t hey woul d
be capt ured onl y incidentall y.  Nonetheless,  we worked under  the aut hor ity of appr opriate Feder al
and State permi ts for any sensi tive species we could have encountered.

Sher man li ve-tr aps of the si ze we used are inef fecti ve for  several  groups of  sm all  mamm als,
incl udi ng shrews, moles, and pocket gopher s.  Therefore,  our sam pli ng method was potenti all y less
ef fecti ve for detect ing four  sm all  mamm al speci es potentiall y occurr ing at  NCCP  si tes: gray shr ew
(Noti osorex crawfordi ),  ornate shrew (Sorex ornatus),  broad-f ooted mole (Scapanus l at imanus),  and
vall ey pocket gopher  (Thomomys bot tae).   However,  these groups,  especiall y shrews, are readi ly
capt ured in pit fal ls (t he method of choice for sor icids; Wil son et  al. 1996) .  Thus,  detai led shrew
di st ributi on and abundance should be avail able from the intensi ve pi tfall tr apping efforts of the
herpetological sam pl ing gr oup (T. Case and R. Fisher ).  Li kewise, sm all  box traps ar e inef fi cient at 
capt uri ng sciur ids and rabbi ts,  which are more typicall y caught  in wire-mesh cage tr aps (S al mon
and Mar sh 1989,  Daly and Pat ton 1990).  Thus, although they pot ent ially occur at several of our 
si tes, Cal if ornia gr ound squirr els (Spermophil us beecheyi) and rabbit s are unrepresented in our
samples.

Because our sam pli ng was confined to si tes typi cal  of coastal sage habi tat s,  we expected species
comm onl y occurr ing i n other habitats (e.g. , grassl and, ripar ian, chapar ral ) to be rare in our samples.
Hence, the rari ty in our sam ples of such species as Stephens’ kangar oo rat , Mi crotus cal iforni cus,
Perognathus longimembri s, and Peromyscus mani cul at us should not be taken as an i ndi cat ion of t he
st at us of those species in S out her n Cal ifornia. 

SAMP LING ADE QUACY

Sampling adequacy must be assessed relative to the goal  of  the sam pl ing desi gn.   I n tur n, sampl ing
desi gns ar e constr ucted to addr ess part icular questi ons.  For this proj ect , a prim ar y purpose was to
char act eri ze patterns of var iat ion in the bi rd and smal l mam mal  comm uni ties found in coast al  sage
scrub vegetation in Riverside, Orange, and San Diego count ies.  To addr ess this question, it  is
im portant both to characteri ze the comm uni ti es found at  each st udy site, and to incl ude a variety of 
si tes from  throughout the three-county area.   S pendi ng lar ge am ounts of  ti me at  part icular  reserves
to obtain very det ai led information would have meant  less ti me to spend at  other sit es.   I n other
words, it was necessary to balance our need for  intensi ve,  site-specifi c inf orm ati on against  our need
for ext ensive spat ial coverage of the enti re region.   We provide an analysis to support  the reasoning
behi nd employing rapid sur vey methods to character ize a part icular  segm ent  of the bi rd and
mamm al com munit ies at each site, and to indi cat e that, at the same time, we sam pled each sit e with
suff ici ent  i ntensi ty.
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The num ber  of sample units required to det ect a species is a funct ion of its commonness and its
detectabil it y (Fig. 2).   T he commonness of  a speci es is the propor ti on of point s at whi ch the species
actuall y occurs.  The detect abi lit y is the probabi li ty that a species that  is actual ly present is actually
detected, and can be af fected by the popul at ion density, act ivi ty level , and conspicuousness of 
comm on act iviti es (or trappabil ity of indi vi duals,  in t he case of mammals) .  Each curve on Figure 2
repr esents a speci es wi th a dif fer ent detect abi lit y,  expressed as a per cent chance of detect ion.  It  is
im portant to note that these detectabil iti es assum e that the speci es is actuall y wit hin the plot
sampled, and it  is the com bi nat ion of the pr obabil it y that  a speci es is wi thin the plot  and its
detectabil it y when present  that  causes the curves to di ffer.   T he range of  values pl ott ed in Fi gur e 2
il lustr ate a gener al  point  about the relat ionships between comm onness, det ectabili ty, and sampl ing
intensi ty,  using a broad but  reali st ic range of  values for  each vari abl e:  f or speci es that are
uncommon, di ffi cul t to det ect, or both,  it  woul d requir e dispropor ti onate am ounts of  sampl ing to
have a reasonable chance of document ing thei r presence. 

It  is import ant  to consider the conditi ons that  wi ll  cause each of  these var iables to change.  We
em pl oyed poi nt- based methods to detect bir ds and mam mal s, and we placed points wit hi n coastal
sage scrub vegetat ion.  Gi ven our sampl ing desi gn,  species that  ar e num eri cally abundant but 
spat ial ly cl umped in their  dist ribut ion woul d be m or e diff icult  to detect than if they wer e distri buted
more evenl y acr oss the area we sam pl ed.   I n thi s sense,  Fi gure 2 is implicit ly usi ng a concept of
com monness  that is based more st rongl y upon how speci es ar e dist ri but ed across the landscape, 
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rather than upon population size.  I n general, then,  the propor tion of poi nt s in whi ch a species is
pr esent  wi ll  be most  st rongl y infl uenced by the spat ial  di st ributi on of  the species,  wi th speci es that
occur i n a smal l num ber  of  r est ricted areas less l ikely to be within a sam pl e plot  t han species that  ar e
wi dely distr ibuted, even i f the latt er are at l ower densit ies.

At  each st udy site we establ ished as many point s as could be locat ed in the availabl e coastal sage
habi tat , and which coul d be sam pled com pletely by one bird observer or one mamm al team in one
or  t wo sam pl ing sessions.  F ive to t wenty independent census point s wer e est abl ished per sit e, fewer 
points at sm all er si tes, mor e points at  larger sit es.  The effi cacy of the sampling eff ort  used in this
st udy can be assessed by consideri ng the num ber  of  census point s requir ed to detect species of
di ff erent abundances and det ect abi li ties (Fi g. 2).  Given a reasonabl e detect ion pr obabi lit y (>0.3) ,
uncommon species (occur  at  10% of census poi nts) would be detected at least hal f of the ti me, and
comm on speci es (occur at 20%  of  census poi nt s) would al ways be det ected wi th the sam pli ng
ef forts used in this st udy.  For rar e species (occur  at  5%  of census point s)  wi th restr ict ed
di st ributi ons, a lar ger  number of point s than actual ly sam pl ed (>20)  would be requir ed to detect
these species at any one sit e, even if they wer e ver y conspi cuous.   However,  rare speci es that are
br oadly di st ributed acr oss the study region might st ill  be detected at som e sit es,  given the wi de
geographic spread of  our sam pli ng net (125 points would yi el d appr oximatel y 6 detect ions; Fi g. 2). 
Thus, we conclude that,  at  t he scale of  a si te,  our str ategy pr ovi ded an adequate sampl e.

We empi rical ly val idated the ef ficacy of our  use of thr ee- day trappi ng per iods for  smal l mam mal s
by trapping a subset  of  our poi nts for a longer  peri od (seven days).   S pecies accumulat ion curves
(t ot al num ber of species det ect ed as a funct ion of  time) rapidl y leveled off , such that  90% of all 
species detected at each poi nt dur ing the entir e 7-day trap per iod were detected by the thir d day
(T able 5). 

Tabl e 5.  Cumul ati ve mammal species richness at  a point  vs. num ber  of consecuti ve days of
sampling.  T otal = cumulat ive species richness at that poi nt  over al l four  census periods.   Not e that
90% of the total species richness obser ved at a point duri ng a 7-day census per iod had been
recorded i n the fi rst t hree days of sam pli ng.

Cumulat ive number of  speci es
Si te Point

1 Day 2 Days 3 Days 4 Days 5 Days 6 Days 7 Days Total
LAPE 2 4 4 4 4 4 4 5 5

3 3 3 4 4 5 5 5 6
11 0 3 4 4 4 4 4 5
12 0 3 4 4 4 4 4 5

ST RA 2 3 3 3 3 3 3 -- 4
8 2 2 2 2 3 3 -- 3
17 0 1 2 2 2 2 -- 4

% wi thi n-census
  ri chness 43.8 75.7 89.5 89.5 97.1 97.1 100 -- 

% total 
  ri chness 38.8 59.5 71.2 71.2 78.3 78.3 85.8 100
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At the conclusion of the first year s sampling, we performed an additional analysis to assess
whether increasing sampling intensity within sites (which would come at the expense of
expanding the number of sites) would improve overall statistical precision.  We used analysis of
variance to determine the relative importance of variation in species composition between the
study sites and between census points within sites (Cochran 1977; Table 6).  We conducted
independent detrended correspondence analyses for spring and fall birds and mammals.  We then
used DCA Axis 1 point scores (which are weighted averages of species scores; see Methods in
Habitat section) as generalized measures of species composition.  Variation in species
composition was 2.8 and 5.3 times as great between sites as it was within sites for fall 1995
mammals and for spring 1995 birds, respectively.  In the fall, variation in bird species
composition was greater within sites than between.  This was partly due to the influx of migrant
species during the fall, and partly to the decreased territoriality of many resident species.
Migrant birds (and many wandering resident species) were distributed evenly over all sites
leading to a decrease in the between-site component of variance, while spring bird data are more
indicative of resident bird distributions.  If the current study sites are typical of other coastal sage
habitats, this analysis suggests that improved overall sampling precision will better be achieved
for both birds and mammals by increasing the number of study sites rather than sampling
existing sites more intensively.

Table 6. Variation in species composition (as indexed by Detrended Correspondence
Analysis axis 1 scores) within and between study sites, NCCP surveys, 1995.  DCA
calculated for each census period separately.

Census

Spring 1995 Birds Fall 1995 Birds Fall 1995 Mammals
Weighted Within-

site Variance 621.74 2105.59 3781.67

Weighted Between-
site Variance 3297.98 2043.40 10672.15

Ratio of Between to
Within 5.30 0.97 2.82

We note that rare species (e.g., those that would actually occur on only 1% of the census points)
that are also difficult to detect (e.g., only a 1% chance of detection even when present) require on
average 10,000 census points to be likely to be detected.  This number would be discouragingly
large (but appropriate in magnitude) if we were simply sampling at random throughout the
region.  However, in practice we improve those odds considerably by (1) focusing our efforts on
certain habitat types (e.g., coastal sage scrub), which increases the probability of a rare CSS
species being at a site, and (2) using techniques that increase the probability of detection (i.e.,
multiple site visits, using an appropriate sampling method, employing audio playbacks to elicit a
response).  This improvement of odds by judicious site- and technique selection is also
appropriate when designing a monitoring program for rare species.  We reaffirm, however, that
our principal focus is not on documenting the specific occurrence of rare species at a given site,
but on characterizing the habitat associations of typical CSS  species throughout the region.
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III.  ANALYTICAL STRATEGIES AND METHODS

VARIABLE REDUCTION

Our sampling resulted in 21 local-level structural habitat variables, 24 plant species variables
(see below), and 14 landscape-level variables (56 total).  Since the number of points with bird
and/or small mammal survey data ranged from 78 — 239 (Table 2), this yielded relatively small
observations/variables ratios for correlating or regressing vertebrate distributions and habitat
characteristics.  Additionally, because of large scale patterns in the distribution of habitat
attributes (e.g., patterns of co-occurrence of plant species throughout the region) many were
highly intercorrelated.  Thus, from both a statistical and biological perspective it was appropriate
to reduce the number of habitat variables using standard, correlational-based multivariate
techniques.  These techniques produce new, synthetic variables that account for major patterns of
covariation in the original habitat variables and that are logical combinations of them.

Habi tat  anal ysi s str ives to uncover the char act eri st ics of  habi tat  that  af fect the dist ribut ion of 
anim als.  In our case, we ar e attempting t o det erm ine which habitat var iables ( local  and/or landscape
level) inf luence the pr esence or absence of species (parti cular ly sensi tive ones),  or are associat ed
wi th changes in the bir d and sm all  mamm al communit ies as a whol e.  A good habit at analysis must 
balance two confli ct ing requirements, the need for  simplicit y (whi ch al so relat es to st ati st ical
considerat ions) , and the need for reali sm.   Realism suf fer s when the set of var iables select ed for 
anal ysi s do not  incl ude the characteristics to whi ch animals actuall y r espond.  The best way to guar d
agai nst  this possi bi lit y is to measure a lar ge num ber of var iables, and at tempt  to let the patt ern of
anim al distr ibutions deter mi ne whi ch ar e most import ant .  This pract ice is comm on (e.g. , Capen
1981, Verner  et  al . 1985, Manly et  al. 1993) , and we em ploy it in this repor t.  However , statistical 
anal ysi s becomes unr eli abl e when the ratio of t he number of observat ions t o the number of variables
is too small  (r ules of thumb pl ace mini mum  values of  this ratio between 5 and 7).  I t is desirable to
li mi t the number of var iables that  are act ually used in anal yses to improve the reli abi lit y of the
results and conclusi ons dr awn.  Al so, vari able reduction should be done before any reference to the
anim al distr ibution dat a to avoid over- est im ati ng the precision of  the obser ved st at ist ical
relationships between anim al s and habit at. 

We used several  cr it eri a for  deciding which var iables should be incl uded in our  anal yses.  We
tr eated separat ely the set  of struct ural var iables (per cent cover of  di fferent cover  cl asses, height  of 
the vegetati on,  et c. ), the set of fl ori sti c var iables ( cover age values of each plant  speci es), and the set 
of  landscape variabl es (am ount of di fferent vegetati on types surrounding a point).   Many var iables
in the fir st  two set s (presence of  many pl ant species, the percent  cover of uncomm on cover  types)
had val ues of zero at m ost  (+90%) of  the poi nts and wer e t heref ore excl uded.   However, som e plant
species were lumped to genus rather than sim ply el im inating several rar e species.  T he plant  speci es
retained for  analysi s were suff ici ently comm on to support st ati sti cal anal ysis,  but sti ll included
species that  were found at  only a subset of our  si tes.

St ructural  vari abl es could be r educed furt her by i denti fyi ng sets of  variabl es that measur ed the sam e
quantit y.  I n some cases, we had obt ained measures of t he same var iable wi th two dif fer ent  m ethods
(pin dr ops and line int ercepts) .  Pi n drops wer e m or e effect ive at  measuri ng subst rate cover  (such as
bare gr ound or lit ter),  because these were detected beneat h shr ubs with pi n drops but not wi th our 
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li ne inter cepts.  Therefor e,  we retained onl y the pi n drop measures for  substrate- type var iables.
Li kewise, li ne transect s are more ef ficient at measuring emergent veget ati on (e.g. , shr ubs, grasses) ,
and we ret ai ned only the t ransect measures f or those variabl es. 

Al though we could occasional ly eli mi nat e som e vari ables in favor of bet ter  ones, som e vari ables
wi thin each of the three dat a sets were st rongl y int ercorr el ated, and thus no single variabl e was
cl early the most accurate or  most li kel y to be subject to choice by the anim als.  Rather than simply
selecti ng one vari able to represent the enti re set , we conducted pri nci pal  component s anal yses of the
st ructural  and landscape var iables, and detr ended correspondence analysis of  the floristic (plant
species) var iables.

PRINCIPAL COMPONENTS ANALYSIS

We used principal components analysis (PCA) to identify independent patterns of covariation
among the local-scale habitat structure variables on the one hand, and among the landscape-level
variables on the other.  PCA constructs new, synthetic variables that can be used as proxies for
sets of correlated raw variables, by building linear combinations of the raw variables.  The first
principal component (PC1) accounts for the major pattern of covariation among the raw
variables.  Subsequent components (PC2, 3, ...p) describe major patterns remaining after those
accounted for by previous components have been removed.  Components are constrained to be
independent from (i.e., uncorrelated with) each other.  Because PCA s are functions of the raw
variables, it is possible to interpret the meaning of variation in a PCA axis in terms of vegetative
characteristics based on the axis  correlation with the raw variables.  These correlations are
called factor loadings, and range from —1.0 to +1.0.  It is frequently possible to find a
commonality or theme among the variables correlated with a principal component that suggests a
general ecological interpretation of the component.  Ideally, one hopes for each component to
have high loadings (positive or negative) for several variables and near zero loadings for the
remainder.  A simple rule of thumb is that variables with factor loadings > |0.5| are important
contributors to a component, and others are not.

Each principal component has a variance associated with it represented by its eigenvalue.
Depending on the patterns of correlation among the original variables, eigenvalues can range
from near p, where p is the number of original variables, to near zero.  When the original
variables are measured on a variety of different scales, as ours were, PCA is usually performed
on a correlation matrix (which is identical to a variance-covariance matrix of the original
variables after they have been standardized).  After standardization, each original variable has a
variance of 1.0; thus the total amount of variance in the original data set = p, the number of
variables.  The variances of the components also total to p, although now individual variances
are no longer all equal, as with the original variables.  As a simple rule of thumb, components
with eigenvalues greater than 1 are retained for further interpretation, whereas those with
eigenvalues less than 1 are discarded.  Ideally, one hopes for a few components with high
eigenvalues that, collectively, account for a substantial fraction of the original total variance.

Each sampl ing point can be given a scor e on each PCA axis based upon the val ues of  its raw
vari abl es,  yiel ding fact or scores.  T wo sam pl ing points wit h sim ilar PCA scor es have sim ilar
vegetat ion or simi lar landscape st ructure.   PCA axes ar e bet ter  than the raw variabl es they
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char act eri ze when they contain a lar ge amount of the infor mation in a set of  correlated raw
vari abl es,  and can be interpret ed meani ngf ul ly as a gradient  of  habi tat  st ructure.   Thi s approach
incr eases si mpl ici ty by reducing the number of var iables used in an analysis (and thus increases
st at ist ical rel iabil ity) wit hout sacrif ici ng reali sm , agai n provided that the PCA axes represent
observable gradients in vegetat ion char act er ist ics.

Ther e are numer ous general  and speci fic st at ist ical textbooks that  deal  wi th PCA.  We recomm end
Capen (1981) , Gauch (1982) , Legendre and Legendre (1983), Pi elou (1984) , and Tabachnick and
Fi dell (1983) f or further detai ls. 

DETRENDED CORRESPONDENCE ANALYSIS

DCA is an or dinati on technique that quanti fi es the relationship am ong a set of poi nt s based on the
si mi lar ity of thei r species com posit ion, whi le at the same time quantif ying the relationship am ong
species based on t he si mil ar ity of  t hei r distri but ion among poi nts ( Gauch 1982,  Pi el ou 1984) .  Poi nt s
and species are or dered on axes so that  points wit h sim ilar species com posit ion wi ll  have si mil ar
axis scores,  and species wit h simi lar patt er ns of di str ibuti on wil l also have simi lar scor es.  The scor e
of  a point  on a DCA axi s i s a weight ed average of the abundance of  the speci es that occur there, and
the score of  a speci es on a DCA axis is a weighted aver age of its di str ibuti on among point s.  To a
considerable degree,  then,  DCA condenses inf orm ati on about  the rel at ive abundances of all speci es
at  a point  down to a si ngl e num ber  for that poi nt,  and likewise for each species, based on its
di st ributi on am ong all poi nt s.  Thus, the scores of poi nts on ordi nation axes can be used as an index
of  t he speci es com posit ion at t hose poi nts.

DCA,  si mil ar  to PCA,  pr oduces eigenvalues that are m easures of stati sti cal ly explained var iance.  In
this case,  the eigenval ue of  an or di nat ion axis repr esents the amount of var iat ion in species
abundance di str ibuti ons al ong that  axis which is accounted for by variation among point s
(m aximum possible = 1.0), and vice versa.  T he rel at ive magnitude of  ei genvalues associ ated wit h
DCA axes descri be the relati ve str ength of  the pat tern whi ch each axis represents.   By "st rengt h" we
mean how wel l the new axis can disti nguish among a group of censuses based on thei r overal l
species composi tion. 

A parti cul ar  advantage to DCA is that, unl ike PCA and numerous other  or dinat ion techniques, it is
not aff ect ed by non- linear it y in species distri but ional  patt erns.  Addi tionally, DCA is largely
insensi tive to deviations in the shapes of  t hese cur ves due to skewness or  kurt osi s. 

Fi nally, DCA axes ar e biol ogically scal ed such that one unit  on an axis is equal to one st andar d
devi ati on of  the average distri but ion of all  speci es on it .  Thus,  on aver age, a species ari ses, reaches
a peak,  decl ines, then disappears in the space of about  four  units ( four standard deviations) along the
axis.  Thi s implies that censuses four uni ts apart  on a corr espondence axi s likely shar e no species in
comm on.   F ur thermore, this scal ing is linear ized, such that bet a diversity (the composi tional
di ff erence between two poi nt s) is const ant  along an ent ire axis.  Thus a uni t diff er ence bet ween two
points at one end of  a gradi ent  repr esents the sam e com posit ional change as a unit  diff erence
between two poi nts at the ot her  end.   Addi ti onally, each axi s has l ength,  whi ch is si mpl y the
di ff erence in DCA units between the two censuses at opposi te endpoints of the axis.  It  corr esponds
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to the tot al  am ount of com posit ional  change (speci es turnover) associat ed wi th the underlying
gr adient t hat axis r epr esent s, and, along wi th eigenval ues, can be used to compare diff erent  axes. 

DCA is explicitly discussed in several texts.  We suggest Gauch (1982), Pielou (1984), and ter
Braak (1987) for further reading.

NON-MET RI C MUL TI DIM ENS IONAL  SCALI NG

Overall patterns of relationships among points or sites were also summarized using Non-metric
Multidimensional Scaling (NMS; Gauch 1982, McCune and Mefford 1997).  NMS differs
fundamentally in design and interpretation from other ordination techniques, and serves more as
an aid in describing relationships among samples rather than variable reduction.   For our
purposes, it represents in a two-dimensional space the overall patterns of similarities or distances
among sites that occurs in multidimensional space.  It is descriptive, not inferential.

One can imagine that each point, or site average of all its points,  is a point in p-dimensional
space, where p = the total number of variables in a dataset (reduced or otherwise).  The sample s
location is determined by its score on each of the variables, and the relationships among points
are described by the Euclidean distance between each possible pair.  NMS squashes  that p-
dimensional space down to some fewer dimensions (in our case, 2), while trying to preserve the
original distance relationships among all points with as little distortion as possible.  Ideally,
distances among all points calculated in the new reduced space will be perfectly correlated with
the original distances among the set of points; deviation from this perfect correlation is termed
stress .  Axis numbers are arbitrary, so that the percent of variance on a given axis is generally

irrelevant.  Likewise, axes are not interpreted  in the sense one might interpret principal
component or correspondence analysis axes, although one may calculate their correlations with
any variable.

AS SE SSI NG TE MPORAL  VARI ATI ON

ANNUAL CHANGES IN ABUNDANCE

The most dir ect  assessm ent  of annual  change in abundance  (indexed in our  samples by the
number of point s occupi ed)  is to test for changes in the propor tion of poi nt s occupi ed bet ween
sampling per iods, based on points that wer e sam pled in com mon in each peri od.  Thi s is
accompl ished wi th a sim ple cont ingency analysis using the Chi-squared or G-stat ist ic (e.g. , Zar 
1984).  Note, however, that thi s region-wi de analysi s lacks any fi ner spat ial resolution; that is,  a
species may occur on 50% of the points in each of two sample periods (hence,  no detectable change
in abundance), but  the poi nt s of occurr ence in one sample may be com pletel y dif fer ent from  those
of  t he second.

CONCORDANCE  ANALYSIS 

How consistent is the dist ri but ion of a species between two sam pli ng periods?  In ot her  words, how
concordant  is the pr esence (and absence) of a species among poi nts that  were sampl ed in each of 
two censuses that we mi ght  want  to compare (e.g., spring in consecut ive year s, once in the fall  then
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agai n in the spring,  or  vi ce versa)?  A species  distri but ion is concor dant bet ween two sampling
intervals if  it  most ly occur s at the same point s in the second int er val  that  it  di d in the first int erval, 
and at the same ti me is most ly absent at the same point s in the second int er val  that  it  was absent 
fr om  in the fir st. 

The analysis is best  vi suali zed as a 2 x 2 cont ingency table, which shows the frequency of 
occurrence of points where the speci es was absent in both periods,  present  in both peri ods, and
pr esent  in one but  not the other (Fi g. 3).   Concor dance is highest  when al l of the points ar e i n the - -
and + + cell s, and l owest (high negative concor dance) when all the points ar e i n t he - + and + - cel ls. 
Cl early, if a species is redist ribut ed among sampl ing points at  random bet ween per iods (the
checkerboar d effect ; Wiens and Rot enberr y 1981b) , then all  cells have entr ies and concor dance is

near  zero.   In other  words, the pr esence of a species at a point in one peri od does not  pr edict  it s
occurrence at t hat  point i n a subsequent per iod.

Fi gure 3.  P ossibl e pat ter ns of  species
occurrences bet ween two consecutive
surveys.  Mi nuses indicate species was not 
detected on a survey, plusses indi cate that it
was det ect ed.  Order  of  symbols repr esents
outcome on first and second sur veys, 
respect ively.

Anot her  way in whi ch concordance may be reduced between peri ods is if the pr oporti on of 
detecti ons of a species changes between peri ods, eit her  ri si ng or falli ng,  even if  points occupied the
fi rst peri od ar e likely to be occupi ed the second.   Thi s produces a lack of sym met ry in the table, 
infl ati ng ei ther the - + cel l if the speci es increases bet ween per iods or the + - cell if the species
decr eases. 
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Al though presented as a cont ingency table,  use of Chi-squared or G-stat ist ics to analyze
concordance (vs., for exam pl e, annual change in abundance)  is inappr opr iat e.   F or example, 
al though tables that  consi st  of  al l - - and + + entr ies or  all + - and - + entr ies are highl y signif icant
wi th a Chi -squared or G-test , thei r concor dances are opposit e.  Li kewise, st rong asymmetry
pr oduced by changes in abundance bet ween per iods wil l infl uence these test s.   I nst ead, we use the
point-biseri al cor relat ion coef ficient,  which is analogous to a st andar d Pearson cor rel ati on
coef ficient,  but f or  data where both variables are dichotomous (Thor ndi ke 1978) .  This cor relat ion i s
hi gh and positi ve when most observat ions are + + and - -, decreasi ng towar ds zero as obser vations
become randomly scat ter ed am ong cell s, then increasi ngl y negati ve as most obser vat ions are + - and
- +.   I t also is reduced by asymmetr y, and when most  obser vations ar e in one cell (e.g. , for 
uncommon or rar e species, where most  obser vations ar e - -) .  Thus,  because meaningful
concordences (and annual contingenci es)  cannot be evaluated for  uncommon species, we confi ned
our species- by- speci es analyses to t hose taxa that  were detected on at least  10% of the points dur ing
at  l east one sampl ing peri od.

We compared contingency and concor dance across consecut ive year s on a season-by-season basis
for species in bot h maj or taxa.   We also com par ed consecut ive seasons for sm all  mamm als.
However , because sur vey techniques diff ered bet ween spr ing and fal l for  bi rds, we di d not calculat e
thei r cont ingencies/ concor dences bet ween seasons.

We coul d pot ent ial ly measure conti ngency/concor dance at  both large ( sit e-by- sit e) and smal l (point -
by-point) spati al scales.  Because we have relativel y few si tes (22)  compared to poi nts (>200), 
however , sit e-l evel analysis is li kely to be insensi tive t o all  but maj or changes in the distri but ion of a
species.  Addit ional ly,  si tes diff er ed in the number  of  points each contai ned.  Ther efore,  because of
relatively low stati sti cal  power coupled wit h diff er ent ial  sensiti vi ty of si tes to detect speci es
changes, we did not cal cul at e l arge- scale conti ngencies/concordences.

COM MUNIT Y-L EVEL  CONCORDANCE 

We assessed community-level concordance in two ways.  First, we examined the similarity of point
scores in a detrended correspondence analysis that included data from two consecutive years
(e.g., all points sampled in both spring 1995 and spring 1996).  If concordance is high, then we
expect a high correlation between scores of points from one year with their scores from a
subsequent year.  We also expect a low mean difference in scores of points across comparisons.

We also assessed concordance using Mantel tests (Mantel 1967, Douglas and Endler 1982).  The
Mantel test evaluates the null hypothesis of no relationship between two dissimilarity (distance)
or similarity matrices.  A matrix of the similarity (or distance) among all points in a sample
represents a description of the relationship of each point to every other point in species-space.
If concordance between two samples is high, then points in one sample have the same relationships
to each other in species-space as points in the other sample do, and thus the correlation between
distances or similarities should be high.  However, because there exists a partial dependence of
similarities/distances within each matrix (i.e., the distance between any two points is
constrained by their mutual distances to a third), we cannot use a standard test of the
significance of the correlation coefficient.  Instead, the Mantel test provides a test of the
significance of the correlation (which is also called the standardized Mantel statistic) using
permutation procedures (see Douglas and Endler 1982 for details).  These permutation procedures
have the additional advantage that they are not dependent on any assumed underlying
distributional properties of the data (e.g., univariate or multivariate normality).

We restricted all analyses to the communities defined by the 40 bird and 8 mammal species deemed
non-rare  (see V. VERTEBRATE DISTRIBUTION, Tables 15, 16).  DCA and Mantel tests were conducted

using PC-ORD (McCune and Mefford 1997).
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ANAL YSI S OF HABITAT REL ATI ONSHI PS

We expect that speci es abundances and dist ri but ions wil l fluctuate through time, and that some of
these fluctuati ons may lead to redistri but ions of individual s among poi nts.  Such redistri bution wil l,
of  cour se,  infl uence our det ect ion of patt er ns of habit at associat ions based on vegetat ion and
landscape at tri but es measured at those poi nt s.  However , by sam pli ng a poi nt  repeatedly we will  be
able to exam ine habi tat  char act eri st ics associated with a speci es   persist ence at a poi nt or  si te,  at
least over  a 3- year per iod.  Habit at  that permi ts the persistence of  a speci es is pr obably the most
im portant at tri but e from a managem ent perspecti ve.   Alt hough our sam pli ng period is rel ati vely
shor t compar ed to the t ime line associated with pr eserving NCCP  reserves, an analysi s that  incl udes
such persi st ence wil l nonetheless represent a f irst approxim ati on in the def ini tion of what consti tutes
appr opr iat e habitat. 

We also expect that landscape-l evel var iables will  infl uence speci es di str ibuti ons over  and above
that  of  the local- level  vari abl es that have been employed in tr adi ti onal habitat associ ati on analyses.
This can occur in two ways:  (1) dir ect ly,  i n t hat  species m ay appear t o be specif icall y i nf luenced by
the val ue of  certain landscape var iables; and (2) indir ect ly, wher e we obser ve changes in regressi on
coef ficients for local var iables when landscape vari abl es ar e incl uded in st ati sti cal models of  a
species  distri but ion.  As an exam pl e of the former,  Knick and Rot enber ry (1995) observed that the
pr esence of Sage Sparrows (t he Great  Basin form  A. b. nevadensis)  was str ongly infl uenced by the
si ze of  the pat ch of  sagebrush veget ati on type in which a sampl ing point was locat ed.  As an
exam ple of  the lat ter, Bol ger et al.  (1997b)  docum ented that  includi ng landscape var iables changed
which local- level variables wer e signif icant ly associat ed wi th the presence of Sage Sparrows (t he
local form , A. b. bell i) and a suit e of other coast al sage scr ub speci es,  at Naval Air  St at ion Mi ramar 
in S an Diego count y. 

Fi nally, the expanded geographi cal  scope of our  sampling (22 si tes that  occupy a rectangle roughly
150 x 90 km;  Fi g. 1)  wi ll enabl e us to det ect a geographical  influence on habit at relat ionships, i f one
exists.   What we mean by a geographi cal  infl uence is whether  the det ail s of a species’ habit at
association changes from one ar ea to the next.  For exampl e,  is the pat ter n of cor relat ion of, say,
Cali for nia Gnat cat chers wi th various shrub species diff erent  in coastal  ar eas than in  inl and areas?
Fi nding such di fferences i nf orm s m anagement decisi ons undert aken i n dif fer ent l ocal areas. 

A variety of  techniques have been devel oped to assess habi tat relati onships of organism s (see, for 
exam ple, papers in Capen 1981, Ver ner et al.  1985,  Manl y et al.  1993).  Most  invol ve some sort of
regr ession appr oach,  and we employ t wo types of  regr ession.

SPE CI ES PAT TE RNS :  L OGIS TIC REGRE SSI ON AND LOG-L IKEL IHOOD RAT IOS

For the bulk of  our statisti cal  assessm ent s of speci es habit at rel at ionshi ps we used multi pl e logi st ic
regr ession (e.g., Hosmer and Lemeshow 1989).   Ordi nary mul ti ple logi sti c regression det erm ines
the rel ati onshi p bet ween a dichotomous dependent var iable (e.g. , species presence or  absence at  a
point) and mult ipl e independent  vari abl es (e.g. , habitat var iables measured at a poi nt) .  In our case,
logi sti c regression measur es the eff ect  of  the independent  vari abl es on the probabil ity of  a speci es
pr esence.  T he overall rel at ionshi p can be test ed for stat istical si gni ficance;  it s str ength is indexed
wi th concordance, the propor tion of all  pair s of poi nts for whi ch the presence or absence of  a



32

species is corr ect ly pr edi ct ed.   T he im por tance of  each independent var iable (i n the speci fi c cont ext
of  all of the other independent  vari abl es included in the regressi on model )i n predicting the pr esence
of  species can also be stati sti cal ly evaluat ed. 

Because not all  points wer e sam pled for  the sam e num ber  of  year s (al though most  were sampl ed in
at  least two years, and about half  were sampled in three years) , we used a vari ant  of logi si tic
regr ession sometim es known as ordi nal regr ession.  We used as the dependent var iable the num ber 
of  times a species was det ected at  a point , whi ch could range from  0 to the maximum num ber  of
ti mes the point  had been sur veyed.   To stati sti cal ly contr ol  for the fact that poi nt s vari ed in the
number of ti mes surveyed, we al ways included the num ber  of  surveys conduct ed at  a point  as a
covariate in each regressi on.  Thi s means that a poi nt at which a speci es was detect ed once is treat ed
di ff erentl y depending on whether the point  was sam pl ed one year  vs. thr ee years.  It  is somewhat
anal ogous to using the proporti on of  censuses on whi ch a species was detected as the dependent
vari abl e, but avoi ds the messy stati sti cal  problem s associ at ed wit h the use of rat ios or propor tions.
Al so, it means that a point at whi ch a speci es was detected on 100% of the surveys will  be treated
di ff erentl y if the point was surveyed once vs. sur veyed three year s.   T hese distinct ions seem
potenti all y biologicall y m eaningful as wel l. 

An addi tional advant age of  using logist ic regressi on is that  the models ar e typicall y fitt ed using
maxi mum  li kelihood methods (Hosmer  and Lem eshow 1989).  It  is possible,  then, to str uct ure an
anal ysi s as a set of  hi erarchical model s (one over al l model,  pl us ot her s that incl ude subset s of the
independent var iables t hat  were incl uded i n the over all  model).   Usi ng likel ihood ratio test s, one can
st at ist icall y eval uate the gain in fit when var iables are added to an existi ng model  (or, conversely,
the loss of fit  that  occur s when a vari abl e or set  of vari ables is dropped from  a more inclusive
model).   F or  example, we can contr ast the overall im por tance of  landscape vs. local- level variables
in infl uenci ng a species  di str ibuti on.   F ir st,  we construct  a logistic regr ession model that incl udes
local vari ables, then constr uct  a second m odel in which we add landscape var iables, then t est for the
si gnifi cance of  the increase in fi t.   I f there is no si gni fi cant increase in fi t, then the effects of
landscape variables are ei ther negli gible,  or at least indistingui shabl e from the ef fects of  local 
vari abl es.   If there is a si gni ficant incr ease in fi t, then var iat ion in landscape vari abl es is maki ng a
unique contr ibution to explaini ng variation in ani mal dist ri but ion.  The pri nci pal  drawback to thi s
pr ocedure is that,  when both components being test ed ar e signif icant , we cannot  calculate a per cent
of  vari ance uni quely explained by each,  so a di rect com par ison of relat ive i mportance i s not  expli ci t.

The test is sim ple. We creat ed a dat aset that had,  for each poi nt,  its score on each local  and
landscape variable and the number of  ti mes it was surveyed for a par ticular taxonomi c group in
spri ng,  fall , or overal l.  F or each ani mal  species we counted the number of tim es it  was det ect ed at 
each point  duri ng spring sur veys, fall sur veys,  or  over  al l sur veys,  and then combined it wi th the
habi tat  dataset .  For each anim al speci es we then di d three set s of thr ee or dinal logistic regr essions: 
(1) the sets were al l surveys, spr ing surveys, and fall  surveys; (2)  the regressions included local
vari abl es only,  landscape variables onl y, and both sets of  vari abl es.  In al l r egr essions the dependent 
vari abl e was the num ber  of  times a species was det ected at  a point , and we always included the
number of ti mes each point  was sur veyed as a covar iate. 

The signif icance test of each indi vi dual regression analysis is interpr eted in the convent ional  way; 
we presume that  the set  of  independent var iables accounts for a si gnifi cant propor ti on of the
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pr obabi lit y of det ecting a species at a point.  The test of local vs. landscape ef fects is based on the
di ff erence i n t he log-l ikeli hood r at ios between a model  that  includes both sets of  effects and one t hat 
incl udes onl y one set.  That  di fference foll ows a Chi-squared dist ri but ion with degr ees of  freedom 
equal to the di fference in degr ees of freedom between the two regr essions being compared.  I f
si gnifi cant,  one may concl ude that  a second set  of  vari abl es explains a si gnifi cant amount  of
vari ati on in the dependent  vari abl e in addit ion to that  al ready expl ained by the fir st set .
Al ternativel y, one can view a signif icant resul t as indicati ng that there a signif icant  loss of  fi t to the
regr ession m odel contai ning bot h set s of var iables when one set  is r emoved.

To ensure the most  parsimoni ous description for  each speci es and season (and for all  seasons
combined for  sm all  mamm als),  we appl ied the fol lowing crit er ia to the regr ession statistics to
determi ne the best  model : (1)  the model must be st ati sti cally signifi cant (i.e.,  over all  P < 0.05) ; ( 2)
the model was bot h  (i .e. , that contai ning bot h local and landscape variabl es)  if  each set was a
si gnifi cant contri bution over and above the other one; or (3) the model  was local  or landscape  i f
the other set was not was not a si gnifi cant contri butor  to the alr eady included set.   I n several
inst ances it  occur red t hat  neit her  set made a stat isticall y signif icant  addi tional  cont ribut ion to the set 
al ready in the model .  In these cases, we exami ned the degree of sym met ry in the regression
concordances and P-values.   If str ongly asym met rical  (i .e. , one was substant ial ly hi gher or lower
than the other) , we chose the set wi th the higher concordance (whi ch usual ly was ver y close to the
model with both sets) and/ or  lower  P -value; if roughly sym metri cal , we chose the both  model.

St andar dized regression coef ficients al low us to est imate the relati ve contr ibution of stati sti cal ly
si gnifi cant independent  vari abl es to explaining vari ati on in the dependent  vari abl e,  and also to
identif y the di recti on of the associ ati on.   Not e that this signifi cance is eval uat ed in the context of all 
ot her vari ables in the model  (i .e. , it is an estim at e of the contr ibuti on of  an independent var iable to
expl aining vari ati on in the dependent vari able,  gi ven that  all the other independent  variabl es are
al ready in the model ).  Note that it  is possibl e, therefor e,  to have a highl y signif icant overall model 
wi th a lack of signi ficance for  any single vari abl e.   I t also means that when other independent 
vari abl es ar e incl uded in a model,  a variabl e form er ly signi ficant  may becom e insi gnifi cant.   S uch
changes in the the magnitude (and even sign)  of  local vari ables when landscape var iables are added
im pl ies that  the statistical  ef fects of  a local  vari abl e i s dependent on i ts landscape context. 

COM MUNIT Y PAT TE RNS :  MUL TI PLE  REGRE SSI ONS  AND F- RATI OS

We also wi shed to see how entir e com muniti es responded to habit at variation.   F irst,  we extr act ed
patt erns from both bird and small mammal com muniti es using Detr ended Correspondence Analysis
(DCA).  Because of  diff erences in the number  of  points sur veyed in each season,  we perf orm ed
these DCAs on a season- by- season basis.   As not ed above (see ?) , the scores of poi nt s on ordination
axes can be used as an index of  the species com posit ion at  those poi nts.   Because these scores ar e
cont inuous vari abl es rather than ordinal or dichot om ous, we can use ordinary multi pl e regr ession
(e.g., Tabachni ck and F idell  1983)  t o r elate them to habit at  variabl es. 

To assess the independent ef fects of  local  and landscape var iables, we fol lowed the sam e basic
appr oach as we did f or individual animal species usi ng logistic regr ession.  We perf orm ed three sets
of  r egr essions,  one wit h l ocal var iables, one with l andscape variabl es,  and one wi th both.   But  rather
than using log- likel ihood ratios to evaluate the contri but ion of one set over the ot her , we used F- to- 
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add rat ios (also cal led F- to-enter  rati os) .  This F- rat io measures the signi ficance of the incr ease in
expl ained or  model  sums-of -squares (whi ch al ways rises as variables are added to a regr ession
model, but  with a cost  in degrees of freedom) .  To evaluat e the si gni ficance of adding var iable set
1 to variabl e set 2,  the test stat istic is the rat io (diff er ence bet ween model SSse t1 +se t2 and model  SSse t

1/m odel dfse t2 ) / (er ror  SSse t1 +se t2/err or dfse t1 +se t2) (T abachnick and Fi del l 1983).  Interpr etati on of
patt erns of statisti cal  si gnifi cance ar e analogous t o t hose descri bed f or logistic r egr ession above. 

We eval uat ed and report  the statisti cal  si gnifi cance of  regr ession coef ficients as well , but  di d not 
calculate st andardized coeff ici ent s.   Otherwise, their int er pretat ion is analogous to t hat  described for
logi sti c r egression. 

GEOGRAPHICAL VARIATION

Fi nally, we wished to eval uate how or whet her any habit at associat ions we ident ifi ed varied as a
function of geography, and whet her  ther e rem ained geogr aphical var iation in species distri bution
patt erns aft er accounti ng for habi tat vari at ion.  If  the habitat var iables we measur ed var y
geographical ly (we show below that  they do),  it is possi bl e that  anim al- habit at associat ions may
become confounded by geogr aphical co-variati on.   I f a species is geographi cally rest ricted in its
di st ributi on in the sam pli ng region,  say, confi ned to coastal areas by physi cal  rather than biotic
fact ors, then a spur ious cor rel ati on wi th habit at variables that var y signif icantl y along an east- west
gr adient can resul t.   I t is also possible that a species may have di fferent habitat associ at ions in
di ff erent parts of  its range, pref er ring, for exam pl e, mor e grassl and-l ike habi tat s in mor e coastal
ar eas, vs.  more shrubby habi tat s inl and.  Patterns such as these pose a potenti al chall enge to the
interpr etati on of st andard habi tat  m odels. 

Our att empts to assess the role of  geographi cal  vari ati on in pr oduci ng or al ter ing perceived habit at 
associations ar e cur rently expl oratory.   Alt hough we can concei ve of  a var iety of st ati sti cal
appr oaches, we wil l sti ck wi th a sim ple one her e.  I n this case, as wit h our  assessm ent  of  local vs. 
landscape variables,  for each species-season we cont rast the log-l ikeli hood result s of thr ee logisti c
regr ession models:   one incl udi ng al l the variables of the best  local-l andscape-both compari son
(whi ch we call habi tat );  one including each point  s UTM coordinates (whi ch we call 
geography ) ; and one incl uding both habit at  and geography ( both ).   F rom  these result s we then

identif ied the best overal l model and its st ati sti cally si gnifi cant var iables as above.   I n a simi lar
manner we assessed geographi cal  vari ati on in communi ty- habit at rel at ionshi ps using regular 
mult ipl e r egression. 

We perf orm ed al l regression analyses in SAS,  Versi on 12 for per sonal  computers (SAS Instit ut e
1996).   To generate meani ngful  associations, we confined our species-by-species analyses to those
taxa that were det ected on at l east 10%  of  t he poi nt s duri ng at  least one sampl ing peri od. 
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IV.  LOCAL AND LANDSCAPE VEGETATION— THE HABITAT TEMPLATE
FOR ANIMAL SPECIES  DISTRIBUTIONS

SI TE  DE SCRIP TIONS

Below for each set  of vari ables we describe (1)  results of  the var iable reducti on pr ocess;  and (2)  the
baseline habitat for  each of  the sit es.   T hese resul ts descr ibe the general pat ter ns of  local and
landscape- level  vari ati on am ong the sit es we sampl ed.  However,  because our study si tes were
consciousl y sel ect ed to repr esent CS S rather  than a random  sample of  point s thr oughout the regi on, 
these result s do not  necessaril y descri be the major pat ter ns of  landscape level  vari ati on and
covariation present in cismontane southern Cali for ni a.  Inferences from  our result s about landscape
patt erns are most pr operly r est ricted t o areas sur rounding CSS. 

HABIT AT STRUCTURE

Si te means (and st andar d err ors) for  each of  the 21 str uct ur al var iables var ied wi dely (Tabl e 7).  T o
detect pat terns of  corr elati on among these vari abl es (excl uding those assessing pr esence/absence of
cact us clumps, rock out crops, and tr ail s or roads) , and to init iat e the vari abl e reduct ion process, we
perf orm ed a pri nci pal component s analysis that included al l 18 quant itative var iables.  This yi elded
6 components wi th ei genval ues greater than 1.  These 6 com ponents toget her  expl ained 70.0%  of
the var iance in the ori ginal  data.  Alt hough most components had m ul tiple variables wit h high f act or 
loadings, two had only singl e vari ables (GC_CRYP and PC_BNGRS) wit h high loadings, 
indi cat ing that  those vari ables were not cor rel ated wit h any ot her s and hence coul d not  be usef ull y
combined wit h other var iables.  One other raw vari able (PC_T REE ) had no hi gh loadi ng on any of
the 6 component s, which indi cat es that it al so was not highl y corr el ated wit h other var iables.  Si nce
vari abl es that are uncorrelated wi th ot her s cannot  combined wit h them to achieve var iable
reducti on,  we removed the 3 non-cont ributi ng variabl es and re-r an the PCA to derive a bett er  set of
composi te variables that we could use i n additi on to the t hr ee raw vari abl es.
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Table 7.  Means and standard errors of structural variables measured at NCCP coastal sage scrub survey
sites, 1996, and principal component factor scores derived from those measures.  Visual features
reported as proportion of points containing each attribute.  See Table 3 for variable codes.

Pin Dro p Measur es
  Site Co de N

GC_BARE GC_CRYP GC_LITTER GC_ROCK GC_W OOD LI TD EPTH
Black Cany on BLCA 5 0.19 2 0.03 2 0.58 4 0.02 0 0.00 4 0.60 8

0.04 1 0.01 4 0.07 5 0.01 3 0.00 4 0.26 4

Bo x Spr ing s BO SP 9 0.19 6 0.02 4 0.16 0 0.04 2 0.01 3 0.43 0
0.03 4 0.00 9 0.02 6 0.01 3 0.00 7 0.04 6

Ch ula V ista CH VI 8 0.23 4 0.01 3 0.67 5 0.01 1 0.01 4 0.39 8
0.03 2 0.00 8 0.06 1 0.00 7 0.00 8 0.04 4

Kabian Par k KA BI 10 0.15 8 0.00 0 0.19 6 0.02 6 0.01 8 0.36 2
0.02 3 0.00 0 0.03 2 0.00 9 0.01 0 0.04 4

Lake Perris LA PE 23 0.12 5 0.02 6 0.16 2 0.03 6 0.01 7 0.43 1
0.02 0 0.00 6 0.02 1 0.00 9 0.00 5 0.05 3

Lake Sk inn er LA SK 10 0.06 8 0.00 8 0.33 7 0.03 2 0.03 8 0.87 9
0.02 2 0.00 6 0.03 5 0.01 3 0.01 0 0.08 4

Limesto ne Canyo n LI CA 23 0.14 4 0.01 1 0.51 9 0.01 1 0.00 7 1.00 2
0.02 2 0.00 4 0.02 9 0.00 4 0.00 3 0.12 9

Mo tte Rimr ock Reserv e MRRE 10 0.14 0 0.03 0 0.25 2 0.05 6 0.00 2 0.31 2
0.03 7 0.01 1 0.03 2 0.01 3 0.00 2 0.04 9

Or an ge Hills ORHI 6 0.04 3 0.00 0 0.23 7 0.06 3 0.05 0 0.94 0
0.01 7 0.00 0 0.04 9 0.01 9 0.01 6 0.05 1

Pamo  Valley PA VA 7 0.07 7 0.05 1 0.30 9 0.00 9 0.03 1 0.37 4
0.02 7 0.02 0 0.07 0 0.00 6 0.01 0 0.09 1

Po in t Loma PO LO 10 0.10 8 0.04 2 0.71 0 0.00 4 0.02 0 1.50 4
0.01 9 0.02 1 0.04 7 0.00 4 0.00 8 0.24 5

Rancho Mis sion Viejo RMVI 10 0.06 5 0.00 2 0.47 6 0.00 3 0.05 6 1.09 7
0.01 5 0.00 2 0.05 1 0.00 3 0.01 4 0.07 7

Sy camor e Can yon SY CA 6 0.12 0 0.00 7 0.09 0 0.01 7 0.00 7 0.20 0
0.02 5 0.00 4 0.03 5 0.00 8 0.00 7 0.05 5

Sy camor e H ills SY HI 10 0.07 0 0.02 4 0.52 4 0.01 8 0.19 8 2.00 2
0.02 3 0.00 8 0.02 2 0.00 6 0.01 8 0.23 0

Sand  Canyo n Res erv oir SA CA 6 0.06 8 0.00 7 0.39 5 0.00 0 0.12 4 1.42 9
0.01 6 0.00 4 0.05 6 0.00 0 0.03 3 0.14 4

Santa Marg ar ita SA MA 5 0.12 5 0.00 8 0.37 6 0.00 4 0.05 2 0.88 1
0.02 7 0.00 5 0.07 4 0.00 4 0.02 0 0.05 7

Star r Ranch STRA 22 0.13 0 0.00 1 0.56 2 0.02 2 0.00 3 0.75 7
0.01 5 0.00 1 0.03 8 0.00 5 0.00 2 0.06 0

Sw eetwater  River SW RI 23 0.06 7 0.01 6 0.22 3 0.02 8 0.01 2 0.36 5
0.01 1 0.00 6 0.03 2 0.00 6 0.00 3 0.06 7

To rr ey Pin es TP SP 12 0.13 0 0.00 3 0.69 8 0.00 2 0.02 1 1.57 7
0.01 7 0.00 3 0.02 9 0.00 2 0.00 5 0.21 4

UCR UCR 5 0.29 2 0.05 2 0.08 8 0.02 0 0.00 8 0.06 8
0.11 7 0.03 8 0.03 3 0.01 3 0.00 5 0.04 5

Wild  An imal Par k WA PA 14 0.17 3 0.06 1 0.24 4 0.02 0 0.00 9 0.16 2
0.03 6 0.01 8 0.02 6 0.01 0 0.00 6 0.04 0

To tal 23 4 0.12 5 0.01 9 0.37 8 0.02 2 0.02 8 0.74 2
0.00 7 0.00 2 0.01 5 0.00 2 0.00 3 0.04 1
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Table 7 , con tin ued .

Pin Dro p Measur es Visu al Ass es sment
Site Co de N

HI TS _1_ 3 HI TS  _3 _5 HI TS >5 NO _S PECIES CA CTUS RO CK TRAI L
Black Cany on BLCA 5 0.45 6 0.43 6 0.64 4 1.65 - 0.60 -

0.03 5 0.02 3 0.03 1 0.07 

Bo x Spr ing s BO SP 9 0.17 4 0.27 9 0.38 8 0.71 - 0.78 0.33 
0.03 2 0.02 9 0.04 0 0.05 

Ch ula V ista CH VI 8 0.47 0 0.58 4 0.73 3 1.47 1.00 0.25 0.88 
0.03 9 0.02 8 0.02 9 0.07 

Kabian Par k KA BI 10 0.43 2 0.36 6 0.29 8 0.64 0.40 0.10 0.40 
0.03 8 0.02 3 0.03 7 0.04 

Lake Perris LA PE 23 0.34 3 0.34 9 0.47 4 0.90 0.17 0.78 0.48 
0.02 7 0.02 9 0.02 8 0.03 

Lake Sk inn er LA SK 10 0.34 3 0.33 0 0.35 9 0.74 0.10 0.10 0.50 
0.03 2 0.02 9 0.04 2 0.06 

Limesto ne Canyo n LI CA 23 0.56 0 0.46 5 0.66 9 1.16 0.57 - 0.43 
0.02 3 0.02 1 0.02 8 0.03 

Mo tte Rimr ock Reserv e MRRE 10 0.29 2 0.28 0 0.38 0 0.80 0.10 1.00 0.70 
0.01 3 0.01 7 0.03 3 0.04 

Or an ge Hills ORHI 6 0.27 3 0.24 7 0.22 0 0.69 0.83 - 1.00 
0.03 0 0.04 1 0.04 2 0.08 

Pamo  Valley PA VA 7 0.31 1 0.27 7 0.44 3 0.99 - 0.71 0.57 
0.02 8 0.03 3 0.03 6 0.07 

Po in t Loma PO LO 10 0.53 6 0.52 2 0.55 2 1.22 0.10 0.10 0.30 
0.01 9 0.03 9 0.06 8 0.07 

Rancho Mis sion Viejo RMVI 10 0.64 0 0.53 6 0.52 0 1.37 1.00 - 0.60 
0.04 1 0.04 4 0.05 3 0.09 

Sy camor e Can yon SY CA 6 0.18 0 0.17 0 0.20 0 0.43 - 0.83 0.50 
0.03 5 0.04 5 0.05 1 0.07 

Sy camor e H ills SY HI 10 0.57 0 0.60 2 0.63 8 1.06 0.60 - 0.60 
0.02 5 0.03 0 0.03 5 0.09 

Sand  Canyo n Res erv oir SA CA 6 0.54 4 0.46 5 0.48 7 1.01 0.67 - 0.33 
0.06 9 0.06 4 0.06 5 0.13 

Santa Marg ar ita SA MA 5 0.37 8 0.46 5 0.58 0 0.98 0.20 - 0.20 
0.04 9 0.06 5 0.08 4 0.06 

Star r Ranch STRA 22 0.62 5 0.56 5 0.60 8 1.22 0.95 - 0.50 
0.02 2 0.02 4 0.04 6 0.06 

Sw eetwater  River SW RI 23 0.36 2 0.39 0 0.39 9 0.96 0.04 0.57 0.70 
0.02 4 0.02 4 0.02 8 0.05 

To rr ey Pin es TP SP 12 0.46 0 0.43 7 0.54 1 1.44 0.83 - 1.00 
0.02 4 0.02 2 0.05 0 0.06 

UCR UCR 5 0.22 0 0.24 4 0.31 2 0.75 - 1.00 0.20 
0.03 6 0.03 2 0.03 7 0.05 

Wild  An imal Par k WA PA 14 0.32 7 0.32 3 0.36 8 0.99 0.79 0.64 0.79 
0.02 7 0.02 6 0.02 1 0.05 

To tal 23 4 0.42 7 0.41 2 0.48 5 1.03 
0.01 1 0.01 0 0.01 3 0.02 
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Table 7 , con tin ued .

Line In ter cept Measu res 
  Site Co de N

NU MCHAN G PC_BNGRS PC_BRAS S PC_N ATF ORB
Black Cany on BLCA 5 49 .0 0.00 0 0.00 0 0.00 0

4.5 0.00 0 0.00 0 0.00 0

Bo x Spr ing s BO SP 9 61 .8 0.05 5 0.02 5 0.11 1
5.7 0.01 8 0.02 0 0.04 6

Ch ula V ista CH VI 8 29 .3 0.00 0 0.03 5 0.00 4
2.6 0.00 0 0.02 2 0.00 4

Kabian Par k KA BI 10 70 .0 0.04 2 0.01 1 0.07 2
4.0 0.09 4 0.01 1 0.03 2

Lake Perris LA PE 23 51 .3 0.00 4 0.14 6 0.01 2
3.2 0.00 3 0.03 1 0.00 7

Lake Sk inn er LA SK 10 61 .7 0.00 0 0.00 0 0.00 0
5.0 0.00 0 0.00 0 0.00 0

Limesto ne Canyo n LI CA 23 43 .7 0.03 1 0.00 0 0.01 0
2.6 0.00 7 0.00 0 0.00 3

Mo tte Rimr ock Reserv e MRRE 10 48 .7 0.00 0 0.00 7 0.00 8
2.3 0.00 0 0.00 5 0.00 5

Or an ge Hills ORHI 6 64 .2 0.02 9 0.00 0 0.08 9
4.0 0.01 4 0.00 0 0.05 7

Pamo  Valley PA VA 7 47 .7 0.00 1 0.00 4 0.00 0
3.3 0.00 1 0.00 3 0.00 0

Po in t Loma PO LO 10 45 .5 0.00 0 0.00 0 0.00 5
9.9 0.00 0 0.00 0 0.00 5

Rancho Mis sion Viejo RMVI 10 60 .6 0.12 8 0.00 0 0.02 0
5.8 0.02 5 0.00 0 0.01 0

Sy camor e Can yon SY CA 6 49 .0 0.00 0 0.09 4 0.01 6
7.5 0.00 0 0.03 4 0.00 6

Sy camor e H ills SY HI 10 55 .4 0.03 7 0.00 0 0.02 7
4.8 0.00 8 0.00 0 0.01 2

Sand  Canyo n Res erv oir SA CA 6 64 .5 0.04 5 0.00 0 0.08 2
5.5 0.02 7 0.00 0 0.05 6

Santa Marg ar ita SA MA 5 55 .6 0.05 2 0.00 0 0.03 2
4.8 0.01 6 0.00 0 0.01 3

Star r Ranch STRA 22 43 .1 0.09 7 0.00 4 0.00 4
3.4 0.01 4 0.00 3 0.00 3

Sw eetwater  River SW RI 23 49 .9 0.00 1 0.01 3 0.00 0
3.0 0.00 1 0.00 3 0.00 0

To rr ey Pin es TP SP 12 43 .5 0.00 1 0.00 7 0.01 0
4.4 0.00 1 0.00 3 0.01 0

UCR UCR 5 51 .2 0.00 0 0.11 3 0.03 0
7.4 0.00 0 0.04 7 0.03 0

Wild  An imal Par k WA PA 14 52 .7 0.00 0 0.03 9 0.00 0
2.4 0.00 0 0.01 2 0.00 0

To tal 23 4 51 .0 0.02 3 0.02 7 0.01 9
1.1 0.00 5 0.00 5 0.00 4
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Table 7 , con tin ued .

Line In ter cept Measu res 
  Site Co de N

PC_EXGRAS PC_S HRU B PC_D EAD PC_TREE
Black Cany on BLCA 5 0.02 6 0.71 8 0.06 0 0.00 0

0.01 8 0.04 5 0.01 0 0.00 0

Bo x Spr ing s BO SP 9 0.22 7 0.49 0 0.02 3 0.00 1
0.03 9 0.05 1 0.00 9 0.00 1

Ch ula V ista CH VI 8 0.01 4 0.80 3 0.01 8 0.00 0
0.00 8 0.03 2 0.00 4 0.00 0

Kabian Par k KA BI 10 0.42 2 0.43 3 0.03 1 0.00 0
0.08 9 0.02 3 0.00 8 0.00 0

Lake Perris LA PE 23 0.19 2 0.52 7 0.04 1 0.00 1
0.02 2 0.04 1 0.00 9 0.00 1

Lake Sk inn er LA SK 10 0.32 4 0.54 7 0.03 0 0.00 0
0.06 4 0.04 1 0.01 0 0.00 0

Limesto ne Canyo n LI CA 23 0.13 1 0.71 8 0.01 5 0.02 6
0.02 5 0.02 7 0.00 3 0.00 8

Mo tte Rimr ock Reserv e MRRE 10 0.17 5 0.51 8 0.04 4 0.00 0
0.03 1 0.03 6 0.00 7 0.00 0

Or an ge Hills ORHI 6 0.37 6 0.26 9 0.01 2 0.00 5
0.06 2 0.06 0 0.00 5 0.00 5

Pamo  Valley PA VA 7 0.20 6 0.61 7 0.06 1 0.00 0
0.06 1 0.04 2 0.01 7 0.00 0

Po in t Loma PO LO 10 0.02 5 0.81 1 0.03 0 0.00 0
0.01 5 0.03 8 0.01 2 0.00 0

Rancho Mis sion Viejo RMVI 10 0.10 9 0.65 7 0.02 1 0.00 0
0.02 1 0.03 5 0.00 8 0.00 0

Sy camor e Can yon SY CA 6 0.38 1 0.21 9 0.04 5 0.00 0
0.10 2 0.04 1 0.00 9 0.00 0

Sy camor e H ills SY HI 10 0.01 7 0.70 7 0.06 6 0.00 6
0.00 9 0.03 9 0.01 0 0.00 6

Sand  Canyo n Res erv oir SA CA 6 0.16 2 0.58 0 0.04 3 0.00 0
0.04 2 0.06 5 0.01 6 0.00 0

Santa Marg ar ita SA MA 5 0.12 9 0.71 6 0.00 7 0.00 0
0.09 0 0.10 2 0.05 3 0.00 0

Star r Ranch STRA 22 0.08 6 0.71 9 0.00 9 0.02 3
0.02 7 0.02 7 0.00 2 0.01 1

Sw eetwater  River SW RI 23 0.33 7 0.53 5 0.02 5 0.00 0
0.02 8 0.02 8 0.00 6 0.00 0

To rr ey Pin es TP SP 12 0.03 3 0.67 6 0.07 8 0.00 8
0.01 1 0.03 9 0.01 4 0.00 5

UCR UCR 5 0.19 6 0.44 1 0.06 6 0.00 0
0.09 2 0.04 7 0.02 2 0.00 0

Wild  An imal Par k WA PA 14 0.22 0 0.52 0 0.02 7 0.00 2
0.04 7 0.03 0 0.00 5 0.00 2

To tal 23 4 0.18 0 0.59 8 0.03 2 0.00 6
0.01 2 0.01 2 0.00 2 0.00 1
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Table 7 , con tin ued .

Pr in cip al Co mpo nen t Factor  S cor es
  Site Co de N

STFA C1 STFA C2 STFA C3 STFA C4
Black Cany on BLCA 5 0.98 -0 .6 8 -0 .1 8 0.58 

0.06 0.39 0.31 0.16 

Bo x Spr ing s BO SP 9 -0 .5 5 -0 .7 4 1.41 -0 .1 6
0.19 0.27 0.58 0.26 

Ch ula V ista CH VI 8 1.27 -1 .1 3 -0 .5 3 -0 .2 0
0.09 0.22 0.22 0.19 

Kabian Par k KA BI 10 -0 .8 1 0.02 0.93 -0 .3 4
0.14 0.18 0.41 0.27 

Lake Perris LA PE 23 -0 .4 4 -0 .6 3 -0 .0 7 0.74 
0.15 0.13 0.20 0.28 

Lake Sk inn er LA SK 10 -0 .7 4 0.66 -0 .0 1 -0 .2 5
0.28 0.17 0.31 0.26 

Limesto ne Canyo n LI CA 23 0.61 -0 .0 8 -0 .3 4 -0 .5 3
0.12 0.16 0.12 0.09 

Mo tte Rimr ock Reserv e MRRE 10 -0 .5 8 -0 .6 0 0.13 -0 .0 5
0.16 0.20 0.19 0.18 

Or an ge Hills ORHI 6 -1 .1 8 0.77 1.31 -0 .6 0
0.18 0.18 0.66 0.17 

Pamo  Valley PA VA 7 -0 .5 5 0.18 -0 .7 0 0.35 
0.26 0.27 0.17 0.25 

Po in t Loma PO LO 10 0.90 0.48 -0 .4 0 -0 .0 6
0.18 0.19 0.29 0.28 

Rancho Mis sion Viejo RMVI 10 0.66 0.79 0.23 -0 .1 9
0.21 0.17 0.22 0.15 

Sy camor e Can yon SY CA 6 -1 .8 6 -0 .2 4 -0 .5 5 0.62 
0.32 0.29 0.34 0.21 

Sy camor e H ills SY HI 10 1.08 2.14 0.90 1.04 
0.14 0.35 0.21 0.23 

Sand  Canyo n Res erv oir SA CA 6 0.33 1.56 1.04 0.38 
0.32 0.26 0.49 0.33 

Santa Marg ar ita SA MA 5 0.27 0.17 0.27 -0 .6 9
0.47 0.27 0.27 0.90 

Star r Ranch STRA 22 0.80 -0 .2 4 -0 .2 1 -0 .7 4
0.16 0.09 0.14 0.08 

Sw eetwater  River SW RI 23 -0 .7 2 0.09 -0 .4 5 -0 .5 2
0.15 0.13 0.13 0.12 

To rr ey Pin es TP SP 12 0.77 0.51 -0 .5 6 1.07 
0.14 0.21 0.16 0.29 

UCR UCR 5 -0 .7 0 -1 .4 7 0.19 1.38 
0.34 0.63 0.61 0.96 

Wild  An imal Par k WA PA 14 -0 .5 0 -0 .7 1 -0 .1 7 0.06 
0.15 0.21 0.15 0.13 

To tal 23 4 0.00 0.00 0.00 0.00 
0.07 0.07 0.07 0.07 
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The second PCA yielded four com ponents wit h eigenval ues gr eater  than 1,  al l wit h mul tiple
vari abl es having high f act or  loadi ngs ( Table 8) .  These four  components account ed for 67.1% of the
total vari at ion of  the var iables included in this second PCA.  The fir st st ructur al  pr incipal
component ( Shr ub vs. grass ) repr esent ed a gradient  between shrub-domi nat ed vs. grass- 
domi nat ed point s.  P oints that had high scor es on this com ponent had gr eat er  shrub cover, more
vegetat ion hits in all thr ee height cat egori es,  had greater coverage of  li tt er wit h greater lit ter  dept h,
and had more shrub species.  This component captur ed over a thi rd of  the tot al var iation among
points in the struct ural var iables.  The second component ( Lit ter  vs. bar e ) cont rasted poi nts wi th
relatively high coverage of bar e ground vs. those wi th mor e woody debri s on the surf ace and greater
li tt er depth.  Poi nt s with high scor es had more li tt er.   T he third component  ( for bs/patchy )

repr esented a gradient of
incr easing coverage of for bs
and rock, which were al so
associated with incr easing
hori zontal  heterogeneit y
refl ect ed in the num ber  of 
tr ansit ions among veget ati on
categor ies per transect 
( NUMCHANG ) .  Poi nt s with
hi gh scores wer e mor e patchy.
The fourth component 
( di sturbed ) was associat ed
wi th increasing coverage of
exot ic for bs and standi ng dead
material (of ten large forbs such
as Hi rschf eldia incana, which
may per sist as standing dead
material for  many months aft er
deat h),  which indi cate sever e
di st urbance.   T hus, for  al l
furt her  anal yses, we retai ned
these four  structural princi pal 
components, plus the or igi nal
vari abl es GC_CRYP, 
PC_BNGRS, and PC_T RE E,
al l of whi ch were more or less
independent of one anot her .
These four  component s plus
three vari ables repr esented
72.6% of the total  vari ati on in
the ori ginal  st ructural  vari abl es. 
We also retained the three
vi suall y assessed variables, 
CACT US,  ROCK, and TRAIL .

Table 8.  Principal components analysis
of habitat structural variables.  Entries
are factor loadings after varimax
rotation of four components.  Bold
denotes factor loadings > 0.5.  See Table
3 for variable names.

St ructural  Component s
  Variable

ST FAC1 ST FAC2 ST FAC3 ST FAC4

PC_E XGRASS -0.85 0. 16 -0.02 -0.22

PC_S HRUB 0. 84 0. 01 -0.27 -0.26

HI TS _1_3 0. 74 0. 25 -0.07 -0.16

HI TS _3_5 0. 82 0. 20 -0.11 -0.17

HI TS >5 0. 82 0. 04 -0.27 -0.11

NO_S PECIES 0. 83 -0.02 -0.22 0. 06

GC_L ITT ER 0. 81 0. 24 -0.26 -0.06

LI TDEPT H 0. 50 0. 70 0. 00 0. 15

GC_BARE 0. 26 -0.74 0. 14 0. 22

GC_WOOD 0. 22 0. 64 0. 31 0. 19

NUMCHANG -0.33 0. 18 0. 67 0. 21

GC_ROCK -0.21 -0.21 0. 51 -0.15

PC_NATF ORB -0.11 0. 10 0. 71 -0.09

PC_BRAS S -0.22 -0.35 -0.05 0. 52

PC_DEAD -0.05 0. 18 -0.05 0. 84

Component name
shrub vs.

gr ass
li tt er vs. 

bare
forbs/
patchy

di st urbed

Ei genvalue 5. 23 1. 88 1. 62 1. 35

% Total  vari ance 34.9 12.5 10.8 9. 0
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The gradient s repr esent ed by each pr incipal com ponent can al so be vi sualized by exam ini ng values
for the or iginal var iables at sites at the extr eme ends of  each component (F ig.  4) .  For exampl e,
Sycamor e Canyon (S YCA) has the lowest aver age point score on st ructural  fact or 1 (gr ass-shrub), 
wher eas Chul a Vist a (CHVI)  has the highest  (Table 7;  Fi g. 4) .  SYCA has 38% grass cover  vs. 1%
for CHVI, and 20% shrub cover vs. 80% ( Table 7) .  Li kewise, U.C. Riverside ( UCR) and Sycam or e
Hi ll s (SYHI)  were the extr em es on the second component (bare-li tter) .  UCR had 29%  bare gr ound
cover vs. 7%  for SYHI, whereas its woody ground cover was <1% vs.  20% for  SYHI .  Other 
extr emes include Pam o Vall ey (P AVA, 0% for b cover,  48 changes/100m ) vs.  Box Spr ings
(BOS P,11% forb,  62 changes) on com ponent 3 (for bs/ patchy),  and Starr  Ranch (STRA,<1%  exoti c
forb cover , <1%  st anding dead cover)  vs. UCR (11% exoti c for b, 7% st anding dead) on com ponent
4 (dist urbed).  Al l the values not ed above tended to be extreme for original var iables as wel l (Table
7) .

Ther e were several  simple geogr aphical pat terns in
habi tat  st ructure at  the sit e level (Fi g. 4) .
Component 1 was si gnifi cantl y negati vel y
corr elated with nort h UTM (r  = -0. 48, df = 19, P =
0. 026),  im pl ying that sout hern sit es tended to have
hi gher cover ages of shr ubs wher eas nort her n sit es
had higher  coverage of grasses.   Com ponent  2, on
the other hand,  was negati vely cor relat ed wi th east
UT M (r = -0. 54,  df  = 19, P = 0. 011);  inland (i. e., 
east ern) sit es tended to have more bare gr ound and
less li tter than coastal sit es.   Com ponent  3 was
corr elated with both north (r = 0. 56, df = 19, P =
0. 008) and east  (r  = -0.56, df = 19,  P = 0.008) 
UT Ms.  Thus nor thwester n sit es tended to have
hi gher hor izont al heter ogeneity and higher  forb
cover than sout heast ern ones.  Com ponent 4 was
uncorrelat ed wi th ei ther UTM (both P > 0.65) ,
im pl ying that struct ural featur es associat ed wi th
st anding dead exot ic forbs were di st ributed
throughout  t he region.
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Ta ble 6  fo r interp re tation  o f c omp on ents. Se e Table 1 f or site
co de s.



43

Over all  relationships among the si tes with respect  to the 7 habitat str uct ur e vari ables coul d be
repr esented in 2 dim ensions wit h rel ati vel y lit tle dist ort ion (NMS  stress = 0.120;  Fig.  5) .  Al though
the axes themselves have no par ticul ar int ri nsi c meaning, servi ng mainl y as pl aceholders,  the
or di nat ion scor es of  the sit es wer e cor rel at ed wit h several of the structural vari ables.  For exam pl e,
NMS axi s 1 had high cor rel at ions wit h struct ural factor s 1 and 2 (r = 0.82 and 0.71,  respect ively) ,
but lit tle corr elati on wit h the ot her vari ables (all  r < |0. 3|) .  NMS axis 2 was highly corr elated with
st ructural  f act ors 2 and 3 ( r = 0. 70 and 0.76),  but wit h not hing else ( all  r  < |0. 4|).
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Figu re 5.  N on- metric m ultid ime nsion al sca ling ord in ation of  NCCP study  site s b ase d on
site  me an va lue s f or  se ven  h abitat s tru ctu ra l v ariab les  (thr ee raw  p lus  fo ur  pr inc ip al
co mp one nts ).  See Ta ble  1 fo r s ite  c ode s.
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FLORI STI C COM POSIT ION

Twenty- four plant taxa (mainly speci es,  but som e taxa were lumped to genus) occurr ed on at  least
10% of the 233 poi nt s and thus wer e ret ained for additi onal analyses (T abl e 9).   S it es var ied widely
in t he presence and abundance of t hese taxa (Table 10). 

Co des , s cientific nam es, and com mo n n ames of plant taxa measu red  at
NCCP  co astal sage scrub  su rv ey sites , 1 996 . Only tax a that o ccu rred on
at leas t 1 0% of  all points  are lis ted.

Co de Scientific n ame Co mm on nam e

ERFA Er io gon um fa sciculatum Califor nia b uck wheat

ARCA Ar temis ia ca liforn ica Califor nia s agebru sh 

SA ME Sa lvia mellifer a Black s age

SA AP Sa lvia apian a Wh ite s age

LO SP Lo tu s s cop ar ius Deer weed

MA LA Ma lo sma  la ur ina Laur el Sum ac

OP SP Op un tia  s pp . Pr ickly  pear  an d cho lla cacti

EN FA En celia  fa rinos a Br ittlebus h

RU SP Rh us  s pp . a Lemo nad eberr y

EN CA En celia  ca lifor nica Califor nia encelia

GA SP Ga lium s pp . Beds traw

AD FA Ad en ostoma  fascicu la tum Ch am ise

HI IN Hirs chfeld ia  in can a Sh or t-p od mu stard

LEFI Less ing ia filag inifo lia 

MI SP Mimu lus  s pp . Mo nk ey flo wer

GU SP Gu tierr ezia s pp . b Br oo m m atchw eed 

RA SP Rh am nus  s pp . c Redb err y

CN DU Cn eo rid ium  d umo sum Bu sh rue

YU SP Yu cca s pp . d Ch ap arr al an d Mojave yu ccas

STSP Step han omeria s pp .

IS OC Is ocoma  s pp .

LECO Elym us con densa tus Ry eg ras s

MA MA Ma ra h m acr ocarp us Wild  cu cum ber

BRSP Br as sica s pp . Mu stard 

a m os tly  R. integrefo lia 
b m os tly  G. califor nica
c m os tly  R. crocea
d Yu cca whip plei and  Y. s chideg er a
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Table 10.  Means and standard errors of floristic variables measured at NCCP coastal sage scrub survey
sites, 1996, and detrended correspondence analysis scores derived from those measures.  Entries are
percent cover; -  denotes taxon absent at that site.  See Table 7 for plant taxa codes.

Plan t S pecies o r Tax ono mic U nit
  Site Co de N

ERFA ARCA SA ME SA AP LO SP MA LA 

Black Cany on BLCA 5 15 .2 0 29 .6 0 - 9.20 0.40 -
3.20 6.52 - 3.26 0.40 -

Bo x Spr ing s BO SP 9 7.33 0.67 2.67 - 1.33 -
7.09 0.47 2.67 - 1.33 -

Ch ula V ista CH VI 8 1.50 46 .7 5 - - 0.25 -
1.05 6.81 - - 0.25 -

Kabian Par k KA BI 10 23 .0 0 24 .0 0 - - 0.60 -
3.68 4.30 - - 0.31 -

Lake Perris LA PE 23 0.78 21 .9 1 - 0.35 0.26 -
0.39 5.64 - 0.20 0.26 -

Lake Sk inn er LA SK 10 37 .0 0 8.60 11 .4 0 1.20 1.80 -
5.49 3.32 5.51 1.20 1.21 -

Limesto ne Canyo n LI CA 23 5.13 12 .0 0 32 .0 0 3.65 0.87 1.57 
2.09 2.04 5.20 2.09 0.39 0.66 

Mo tte Rimr ock Reserv e MRRE 10 20 .2 0 9.20 21 .0 0 0.20 3.00 -
3.10 2.50 4.87 0.20 1.69 -

Or an ge Hills ORHI 6 18 .0 0 8.00 - - 0.33 4.67 
5.98 4.53 - - 0.33 1.33 

Pamo  Valley PA VA 7 15 .4 3 14 .2 9 - 7.14 1.43 -
6.40 4.42 - 3.51 0.84 -

Po in t Loma PO LO 10 8.00 21 .8 0 1.80 - - -
2.31 5.48 1.21 - - -

Rancho Mis sion Viejo RMVI 10 13 .8 0 31 .4 0 5.00 1.60 1.80 0.60 
2.77 3.50 2.39 0.58 0.81 0.60 

Sy camor e Can yon SY CA 6 20 .1 7 23 .8 3 - - 1.00 -
7.60 4.20 - - 1.00 -

Sy camor e H ills SY HI 10 4.80 49 .2 0 1.20 16 .4 0 - 5.20 
1.50 11 .1 3 1.20 3.66 - 2.94 

Sand  Canyo n Res erv oir SA CA 6 12 .0 9 37 .4 5 2.09 12 .2 7 9.09 1.82 
2.56 2.76 1.90 2.36 2.02 0.99 

Santa Marg ar ita SA MA 5 15 .7 4 28 .1 7 - 0.87 0.70 8.17 
1.98 2.73 - 0.48 0.27 1.06 

Star r Ranch STRA 22 - 0.33 4.67 - - -
- 0.33 3.00 - - -

Sw eetwater  River SW RI 23 16 .4 0 34 .2 0 22 .4 0 1.00 1.80 -
3.87 8.16 7.64 0.68 1.38 -

To rr ey Pin es TP SP 12 7.83 15 .0 0 13 .0 0 - 3.83 4.67 
1.96 3.65 5.08 - 1.42 1.69 

UCR UCR 5 - 2.00 0.80 - - -
- 2.00 0.80 - - -

Wild  An imal Par k WA PA 14 23 .2 9 22 .1 4 - 5.14 1.71 2.71 
4.85 5.24 - 2.85 1.44 2.13 
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Table 1 0.  Continu ed .

Plan t S pecies o r Tax ono mic U nit
  Site Co de N

OP SP EN FA RU SP EN CA GA SP AD FA 

Black Cany on BLCA 5 - - 2.00 - - 30 .0 0
- - 2.00 - - 4.98 

Bo x Spr ing s BO SP 9 - 42 .4 4 - - - -
- 9.15 - - - -

Ch ula V ista CH VI 8 3.50 - 5.00 15 .0 0 - -
1.35 - 2.30 4.46 - -

Kabian Par k KA BI 10 - 5.60 - 0.40 - -
- 2.66 - 0.40 - -

Lake Perris LA PE 23 0.17 31 .1 3 - 0.09 - 0.61 
0.12 5.82 - 0.09 - 0.61 

Lake Sk inn er LA SK 10 0.20 - - - - 3.00 
0.20 - - - - 3.00 

Limesto ne Canyo n LI CA 23 1.57 - 0.78 - 1.39 15 .5 7
0.69 - 0.41 - 0.48 4.47 

Mo tte Rimr ock Reserv e MRRE 10 0.20 6.40 - - - -
0.20 4.07 - - - -

Or an ge Hills ORHI 6 16 .6 7 - - 1.00 - -
6.71 - - 1.00 - -

Pamo  Valley PA VA 7 - - 0.29 - - 28 .5 7
- - 0.29 - - 9.86 

Po in t Loma PO LO 10 0.40 - 22 .8 0 16 .2 0 - -
0.27 - 5.01 6.17 - -

Rancho Mis sion Viejo RMVI 10 2.80 - 10 .4 0 - 2.20 -
1.40 - 2.79 - 0.63 -

Sy camor e Can yon SY CA 6 3.33 - 1.00 5.00 - -
1.52 - 0.68 3.86 - -

Sy camor e H ills SY HI 10 0.80 - - - 0.40 -
0.80 - - - 0.40 -

Sand  Canyo n Res erv oir SA CA 6 1.00 - 0.09 - 1.09 -
0.32 - 0.09 - 0.61 -

Santa Marg ar ita SA MA 5 - - - 0.09 0.17 0.78 
- - - 0.09 0.12 0.78 

Star r Ranch STRA 22 - 21 .6 7 - - - -
- 5.99 - - - -

Sw eetwater  River SW RI 23 2.20 - 2.20 2.40 0.20 0.40 
1.99 - 1.21 2.40 0.20 0.40 

To rr ey Pin es TP SP 12 0.50 - 6.00 4.33 0.67 -
0.36 - 2.76 1.94 0.38 -

UCR UCR 5 - 49 .6 0 - - - -
- 6.88 - - - -

Wild  An imal Par k WA PA 14 4.86 - - - 0.14 0.57 
2.22 - - - 0.14 0.57 
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Table 1 0.  Continu ed .

Plan t S pecies o r Tax ono mic U nit
  Site Co de N

HI IN LEFI MI SP GU SP RA SP CN DU 

Black Cany on BLCA 5 - - - 0.40 - 0.40 
- - - 0.40 - 0.40 

Bo x Spr ing s BO SP 9 - 2.00 - - - -
- 1.20 - - - -

Ch ula V ista CH VI 8 - - - - - -
- - - - - -

Kabian Par k KA BI 10 0.40 - - 0.20 - -
0.40 - - 0.20 - -

Lake Perris LA PE 23 14 .0 9 0.87 - 0.09 - -
3.61 0.70 - 0.09 - -

Lake Sk inn er LA SK 10 - 0.20 - - - -
- 0.20 - - - -

Limesto ne Canyo n LI CA 23 0.17 0.26 0.09 - 0.52 -
0.17 0.19 0.09 - 0.23 -

Mo tte Rimr ock Reserv e MRRE 10 1.40 0.40 - 0.20 - -
1.19 0.27 - 0.20 - -

Or an ge Hills ORHI 6 - - - - - -
- - - - - -

Pamo  Valley PA VA 7 - - 0.29 0.86 - -
- - 0.29 0.86 - -

Po in t Loma PO LO 10 - - - - 0.60 2.00 
- - - - 0.60 0.94 

Rancho Mis sion Viejo RMVI 10 - 0.20 0.80 - - -
- 0.20 0.44 - - -

Sy camor e Can yon SY CA 6 - - 2.67 - - -
- - 1.76 - - -

Sy camor e H ills SY HI 10 - - 2.00 - - -
- - 1.55 - - -

Sand  Canyo n Res erv oir SA CA 6 - 0.09 0.55 - 0.27 -
- 0.09 0.40 - 0.20 -

Santa Marg ar ita SA MA 5 - - 0.17 4.61 1.83 -
- - 0.12 1.69 0.75 -

Star r Ranch STRA 22 10 .3 3 1.00 - - - -
3.36 0.68 - - - -

Sw eetwater  River SW RI 23 - - 2.80 - - -
- - 1.31 - - -

To rr ey Pin es TP SP 12 - 1.00 0.83 - 0.67 3.67 
- 0.52 0.58 - 0.38 1.39 

UCR UCR 5 12 .0 0 0.80 - - - -
7.77 0.49 - - - -

Wild  An imal Par k WA PA 14 - - 0.57 0.29 - 1.00 
- - 0.57 0.29 - 0.50 



48

Table 1 0.  Continu ed .

Plan t S pecies o r Tax ono mic U nit
  Site Co de N

YU SP STSP IS OC LECO MA MA BRSP 

Black Cany on BLCA 5 0.80 - - - - -
0.80 - - - - -

Bo x Spr ing s BO SP 9 - - - - - 13 .7 8
- - - - - 6.41 

Ch ula V ista CH VI 8 0.50 - - - - 7.00 
0.50 - - - - 3.82 

Kabian Par k KA BI 10 - - - - - 0.40 
- - - - - 0.27 

Lake Perris LA PE 23 - 2.17 - - 0.35 0.17 
- 1.02 - - 0.20 0.17 

Lake Sk inn er LA SK 10 - - - - 0.20 -
- - - - 0.20 -

Limesto ne Canyo n LI CA 23 0.61 - 0.17 1.65 0.09 -
0.23 - 0.17 0.59 0.09 -

Mo tte Rimr ock Reserv e MRRE 10 - 0.40 - - - -
- 0.27 - - - -

Or an ge Hills ORHI 6 - - - - - 15 .6 7
- - - - - 4.30 

Pamo  Valley PA VA 7 0.57 - - - - -
0.37 - - - - -

Po in t Loma PO LO 10 0.40 - - - 0.20 -
0.40 - - - 0.20 -

Rancho Mis sion Viejo RMVI 10 - - - - 0.40 -
- - - - 0.40 -

Sy camor e Can yon SY CA 6 - - 0.33 - - 0.33 
- - 0.33 - - 0.33 

Sy camor e H ills SY HI 10 - - - - - -
- - - - - -

Sand  Canyo n Res erv oir SA CA 6 0.09 - 0.09 0.36 0.18 0.27 
0.09 - 0.09 0.21 0.13 0.27 

Santa Marg ar ita SA MA 5 - - 0.61 - - 0.26 
- - 0.37 - - 0.14 

Star r Ranch STRA 22 - - - - 0.33 0.67 
- - - - 0.33 0.67 

Sw eetwater  River SW RI 23 - - - - 0.20 1.00 
- - - - 0.20 1.00 

To rr ey Pin es TP SP 12 1.17 2.33 1.00 - - -
0.58 1.37 0.58 - - -

UCR UCR 5 - - - - - 5.20 
- - - - - 4.27 

Wild  An imal Par k WA PA 14 - - 0.71 - - 4.00 
- - 0.34 - - 1.29 
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Table 1 0.  Continu ed .

Detr end ed Co rrespo nd ence
An alysis  Site Co de N

DCA1 DCA2 

Black Cany on BLCA 5 1.23 1.67 
0.17 0.12 

Bo x Spr ing s BO SP 9 3.73 1.81 
0.32 0.16 

Ch ula V ista CH VI 8 2.21 2.81 
0.11 0.10 

Kabian Par k KA BI 10 2.29 1.91 
0.11 0.06 

Lake Perris LA PE 23 3.61 1.65 
0.15 0.09 

Lake Sk inn er LA SK 10 1.67 1.37 
0.09 0.13 

Limesto ne Canyo n LI CA 23 1.23 0.97 
0.10 0.11 

Mo tte Rimr ock Reserv e MRRE 10 2.01 1.12 
0.14 0.14 

Or an ge Hills ORHI 6 2.44 2.48 
0.17 0.15 

Pamo  Valley PA VA 7 1.09 1.50 
0.28 0.10 

Po in t Loma PO LO 10 1.48 3.00 
0.11 0.12 

Rancho Mis sion Viejo RMVI 10 1.82 2.13 
0.07 0.11 

Sy camor e Can yon SY CA 6 2.04 2.19 
0.06 0.12 

Sy camor e H ills SY HI 10 1.99 1.95 
0.12 0.09 

Sand  Canyo n Res erv oir SA CA 6 2.01 1.83 
0.05 0.06 

Santa Marg ar ita SA MA 5 1.88 2.04 
0.05 0.04 

Star r Ranch STRA 22 3.85 1.20 
0.26 0.21 

Sw eetwater  River SW RI 23 1.87 1.59 
0.11 0.23 

To rr ey Pin es TP SP 12 1.69 1.97 
0.13 0.13 

UCR UCR 5 4.20 1.60 
0.12 0.18 

Wild  An imal Par k WA PA 14 2.00 1.99 
0.07 0.05 
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Detr ended correspondence analysis yi elded two axes that  we retained as par t of the data reducti on
pr ocess (T able 10;  Figs. 6-11).   T he fi rst  had an ei genval ue of  0. 80, which indicates a robust
or di nat ion.  It s l ength was 4.46, which im pl ies that  turnover f rom  one ext reme poi nt  to the other was
vi rt ual ly compl ete, and that  those points shared few, if any, species in com mon.  Al though the
second axi s had a sm all er ei genval ue of  0. 42, it, too, was relativel y l ong, wit h a l ength of  gr adi ent =
3. 66.

Interpr etati on of the gradients
resulti ng fr om the ordi nat ion is
ai ded by examining the distr ibution
of  plant species and sampl e sit es in
the 2-dimensional DCA space (Fi gs. 
6 and 7).  T he fir st  axis represented
a gr adi ent  from  si tes (e.g.,  the
Ri versi de Count y sit es UCR,
Sycamor e Canyon [S YCA],  Lake
Perr is [LAPE ], and Box Spr ings
[BOS P];  Fi g.  6)  domi nat ed by
species char act eri st ic of inland
Ri versi dian coastal sage scr ub (e. g. ,
Encelia fari nosa [ ENFA] ; F ig. 7), to
those (such as Pam o Val ley
[P AVA] and Black Canyon
[BLCA])  that  included a substantial
am ount of chaparral vegetati on
(e.g., Adenost oma fasi cul at us
[ADF A]) .  The second axis
cont rasted sout her n coastal sit es
(e.g., Poi nt  Loma [P OLO], Chula
Vi st a [CHVI]  wi th speci es Encelia
cali fornica [ENCA] , Rhus spp.
[RUS P],  Cneoridium dumosum
[CNDU])  wi th norther n, mai nl y
inland sit es (e.g. , Lim est one Canyon
[L ICA],  Mott e Rimr ock Reserve
[MRRE],  Sycamor e Canyon wi th
species El ymus condensatus
[L ECO],  Salvia mel li fera [ SAME] ).
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Figu re 6.  N CCP site  me an sc ore s o n Detren de d Corr es pon den ce  An aly sis a xes  b ase d o n
plan t s pec ie s c omp os ition.  See  Ta ble 1  fo r site c od es.
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 Fig ure  7.  Pla nt sp ecies sc ore s o n Detren de d Corr es pon den ce  An aly sis a xes  b ase d o n
plan t s pec ie s c omp os ition.  See  Ta ble 7  fo r spe cie s cod es.
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Geographic vari ati on associated wi th the fir st DCA axis was evi dent when mean site scor es were
cont our ed onto a map of  the sit es (F ig.  8) .  Speci es turnover between the northern inland Ri ver side
si tes and those si tes in Orange County was fair ly st eep, and al though the same amount of
composi tional change occur red between the Ri ver side sit es and sout hern San Diego County, it was
spread over a longer  physi cal dist ance.   T he geogr aphical pattern associat ed wi th DCA axis 2 was
more compl ex (F ig.  9).  Al though there was a cl ear  nort hward tr end in decr easing axi s 2 scor es
em anati ng fr om the sout her n- most sit es,  the pat ter n became more obscure in Orange and Riverside
counties.
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 Fig ure  8.  Con tou r map  of  N CCP site  me an sc ore s o n pla nt sp ecies
De tr end ed Co rre spo nd enc e A na lys is ax is 1.  See tex t for  in te rpr eta tion
of axis See Table 1 for site codes
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 Fig ure  11 .  NCCP site point sc ore s on Detre nde d Cor res pon de nce  An alysis a xe s
ba se d o n p la nt spe cies com po sition .  Se e Tab le 1 f or  site co des .

Ther e was al so subst ant ial  among-poi nt wit hi n-site heterogeneit y in at least  some of  the sit es (Fi g. 
10).   F or example,  ± 1 standar d deviat ion of poi nt scores on DCA axis 1 at Box Spri ngs spanned

over  2 DCA unit s, and that  of Pamo Vall ey al most as much.  However , sit es on average varied less
on DCA axi s 2.  In general , poi nts were fair ly wel l scattered throughout the or dinat ion space (Fig.
11),  al though those associ at ed
wi th the nor theast er n-m ost  sites
in Riversi de Count y appear ed
di st inct f rom t he rest. 
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 Fig ure  10 .  NCCP site mea n sco res  a nd sta nd ard  de viations  o n D etr en ded  Co rr esp ond en ce
An alysis a xe s b ase d on pla nt sp ecies  co mpo sitio n.  See Tab le  1 for  s ite  co de s.
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LANDS CAP E VARIABLE S

The 14 landscape var iables diff ered consider abl y among sit es (T abl e 11) .  At  some si tes, such as
Kabi an Par k (KABI)  and Mot te Ri mrock Reser ve (MRRE ),  nearl y 90%  of  the veget ati on type
surr ounding our  points out  to a radi us of 500 m was CSS , whereas at Black Canyon (BL CA)  it  was
less than 1% .  Instead,  points at Bl ack Canyon wer e imbedded in ot her shrubl and types, pri maril y
chaparr al (88%) .  The only sites wit h substanti al native grassl ands in the 78 ha sur roundi ng each
point were Rancho Mi ssi on Vi ejo (RMVI) (17%)  and Starr Ranch (S TRA,12%) , and the for mer 
al so had the hi ghest  pr oport ion of  riparian vegetati on nearby (16% ).   T he hi ghest pr oporti on of 
woodland was at  Torr ey Pines st ate P ark (TPS P) (20%) , which,  along with Point L oma (POL O),  t he
ot her site on the coast , also had hi gh aquat ic habit at type (16% and 25%, respecti vely) .  Chula Vi st a
(CHVI) and Orange Hi lls (ORHI) wer e in the most  ur banized landscapes (58% and 52%, 
respect ively), whereas Santa Margari ta (SAMA) cont ai ned the most agr iculture (23%,  mainly
or chards).   Poi nts at CHVI  and ORHI wer e also on average the second and thir d closest to urban
boundar ies (92 and 96 m), al though POLO, sit uat ed on a rel at ively narrow peninsula, was cl osest 
(76 m).   By any of  the per im eter-based measures, RMVI cont ai ned the most dissected shrubland
habi tat .
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Table 11.  Means and standard errors of landscape variables measured within a 500-m radius
of points at NCCP coastal sage scrub survey sites, 1996, and principal component factor
scores derived from those measures.  See Table 4 for variable codes.

Land scape Habitat Class  (area in m 2)
  Site Co de N

AG RI C AQ UA T CS S NA TG R EX GR

Black Cany on BLCA 5 12 62 0 - 54 61 - -
10 59 9 - 31 35 - -

Bo x Spr ing s BO SP 9 13 28 2 - 36 09 79 - 69 77 5
77 50 - 53 36 3 - 24 45 9

Ch ula V ista CH VI 8 - - 31 69 38 54 -
- - 32 32 8 54 -

Daws on Can yo n DA CA 5 - - 66 07 86 - 19 97 4
- - 80 56 - 36 82 

Kabian Par k KA BI 10 - 28 56 68 48 79 - 27 36 2
- 24 78 18 58 3 - 83 32 

Lake Perris LA PE 23 38 2 70 64 2 32 77 56 - 27 95 19
38 2 25 31 2 17 51 3 - 29 66 8

Lake Sk inn er LA SK 10 - 94 85 37 29 58 - 27 36 40
- 52 65 46 18 7 - 45 53 8

Limesto ne Canyo n LI CA 23 - 33 67 2 34 17 98 68 8 60 81 7
- 14 85 5 42 14 4 43 2 15 23 7

Mo tte Rimr ock Reserv e MRRE 10 13 7 - 68 72 06 - 63 08 9
13 7 - 14 07 6 - 16 73 3

Or an ge Hills ORHI 6 13 54 6 - 29 61 49 - 36 65 7
81 81 - 28 18 9 - 43 94 

Pamo  Valley PA VA 7 - - 23 78 45 - -
- - 11 12 00 - -

Po in t Loma PO LO 10 - 19 31 74 33 04 55 - -
- 39 17 0 21 13 0 - -

Rancho Mis sion Viejo RMVI 10 - - 26 47 65 12 69 46 38 01 7
- - 12 45 3 12 11 4 17 02 7

Sand  Canyo n Res erv oir SA CA 6 97 66 1 16 12 1 13 85 26 - 44 60 23
38 93 5 64 54 10 11 7 - 45 71 8

Santa Marg ar ita SA MA 5 17 66 67 - 33 69 45 - 43 30 
37 03 7 - 47 48 0 - 30 98 

Star r Ranch STRA 22 20 4 91 7 32 90 14 94 49 8 37 22 3
20 4 91 7 18 74 6 14 85 4 14 01 0

Sw eetwater  River SW RI 23 - - 63 84 68 30 79 9 -
- - 23 07 1 11 72 2 -

Sy camor e Can yon SY CA 6 46 56 6 - 49 28 96 - 16 06 57
72 6 - 36 78 4 - 24 12 0

Sy camor e H ills SY HI 10 - 51 04 40 73 66 - 77 99 4
- 34 11 25 64 7 - 29 95 7

To rr ey Pin es TP SP 12 - 12 30 75 10 25 90 16 38 2 -
- 34 20 3 12 49 1 53 20 -

UCR UCR 5 38 43 - 55 67 87 - 16 63 0
30 37 - 42 64 8 - 73 90 

Wild  An imal Par k WA PA 14 33 32 0 93 2 46 85 51 45 58 2 -
15 11 5 93 2 28 26 7 14 10 4 -
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Table 1 1.  Continu ed .

Land scape Habitat Class  (area in m 2)
  Site Co de N

WO OD URBA N SH RB RI P

Black Cany on BLCA 5 74 8 - 68 65 54 75 54 3
74 8 - 22 61 4 10 74 3

Bo x Spr ing s BO SP 9 79 8 24 00 94 96 26 3 -
70 0 30 99 0 53 74 1 -

Ch ula V ista CH VI 8 - 45 47 01 - 94 10 
- 35 20 8 - 35 89 

Daws on Can yo n DA CA 5 19 26 4 - 81 61 0 -
56 68 - 97 92 -

Kabian Par k KA BI 10 - 50 16 3 15 22 2 47 0
- 20 23 9 42 40 47 0

Lake Perris LA PE 23 - 10 30 17 - -
- 17 86 0 - -

Lake Sk inn er LA SK 10 - 77 27 72 99 5 43 82 3
- 45 17 24 93 8 23 73 8

Limesto ne Canyo n LI CA 23 50 46 1 60 64 21 98 54 65 89 8
10 62 1 39 20 45 65 5 12 52 0

Mo tte Rimr ock Reserv e MRRE 10 - 31 08 2 - -
- 13 05 7 - -

Or an ge Hills ORHI 6 - 40 25 53 31 65 4 -
- 30 09 0 11 65 2 -

Pamo  Valley PA VA 7 - - 49 41 23 49 58 9
- - 95 43 8 18 17 7

Po in t Loma PO LO 10 54 3 17 19 50 79 34 0 -
29 1 40 80 7 12 01 0 -

Rancho Mis sion Viejo RMVI 10 60 56 6 37 67 14 71 46 11 86 97
99 82 33 76 16 20 1 71 84 

Sand  Canyo n Res erv oir SA CA 6 - 23 19 9 27 69 7 30 03 6
- 42 42 10 66 6 13 77 8

Santa Marg ar ita SA MA 5 71 13 7 32 94 17 82 34 10 54 2
90 40 15 11 39 18 4 65 15 

Star r Ranch STRA 22 69 36 3 11 74 6 18 10 69 55 51 1
12 12 9 11 74 6 26 10 2 10 09 6

Sw eetwater  River SW RI 23 - 63 47 5 - 48 86 7
- 17 51 7 - 80 69 

Sy camor e Can yon SY CA 6 - 81 45 6 - 12 31 
- 17 95 5 - 42 4

Sy camor e H ills SY HI 10 46 18 69 81 84 46 2 17 89 6
46 41 51 5 10 60 5 53 35 

To rr ey Pin es TP SP 12 15 34 46 11 92 46 24 08 74 -
22 01 5 43 11 2 24 85 9 -

UCR UCR 5 - 20 36 33 - -
- 35 06 0 - -

Wild  An imal Par k WA PA 14 42 58 13 49 68 80 84 6 62 34 
12 88 27 40 3 26 84 8 19 42 
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Table 1 1.  Continu ed .

Land scape Habitat Class  (d is tan ces  in m )
  Site Co de N

CS S_ PA CS S_ P SH RB_P ED GEDIS T URBD IST

Black Cany on BLCA 5 0.03 8 35 1.75 50 42 .04 20 5.27 10 79 .31 
0.01 6 20 5.54 29 6.79 40 .9 3 78 .8 4

Bo x Spr ing s BO SP 9 0.01 4 37 92 .96 12 74 .40 77 .9 3 11 5.69
0.00 3 40 9.77 69 7.82 25 .2 6 30 .6 6

Ch ula V ista CH VI 8 0.01 3 40 58 .62 - 91 .9 1 91 .9 1
0.00 1 43 9.82 - 17 .1 6 17 .1 6

Daws on Can yo n DA CA 5 0.01 1 74 61 .90 31 24 .72 40 .6 3 10 05 .38 
0.00 0 23 0.53 31 1.97 23 .5 5 33 .2 0

Kabian Par k KA BI 10 0.00 6 42 38 .14 46 3.83 17 3.79 37 6.95
0.00 0 22 7.76 11 3.45 34 .9 4 53 .1 5

Lake Perris LA PE 23 0.00 9 28 95 .71 - 57 .6 8 39 4.29
0.00 0 16 2.92 - 11 .4 7 13 2.96

Lake Sk inn er LA SK 10 0.01 8 63 44 .48 18 68 .75 47 .5 2 52 8.03
0.00 2 89 6.22 43 4.18 13 .0 4 88 .0 6

Limesto ne Canyo n LI CA 23 0.02 4 62 02 .46 29 56 .23 56 .3 7 10 22 .02 
0.00 3 54 4.42 64 5.10 7.35 10 2.50

Mo tte Rimr ock Reserv e MRRE 10 0.00 5 36 44 .78 - 23 7.53 40 3.18
0.00 0 97 .5 0 - 31 .8 4 38 .8 6

Or an ge Hills ORHI 6 0.01 4 40 54 .52 10 49 .33 91 .9 0 95 .9 5
0.00 0 33 1.86 37 1.78 15 .5 0 16 .8 5

Pamo  Valley PA VA 7 0.03 0 16 04 .12 34 16 .99 21 0.56 46 27 .68 
0.02 1 59 2.09 44 9.44 28 .2 3 13 2.62

Po in t Loma PO LO 10 0.02 2 71 83 .67 45 02 .28 43 .1 9 76 .0 9
0.00 1 50 7.91 62 3.55 8.43 20 .5 8

Rancho Mis sion Viejo RMVI 10 0.04 4 11 56 6.5 6 73 54 .88 20 .1 2 60 0.00
0.00 2 41 2.65 61 0.59 6.12 59 .4 0

Sand  Canyo n Res erv oir SA CA 6 0.03 2 44 88 .89 12 61 .77 16 .2 9 31 7.73
0.00 1 32 5.10 33 5.73 2.58 27 .3 7

Santa Marg ar ita SA MA 5 0.01 8 55 12 .33 30 54 .85 54 .9 2 35 9.83
0.00 3 14 9.49 53 8.00 11 .4 6 80 .8 4

Star r Ranch STRA 22 0.02 5 81 19 .98 45 07 .19 37 .8 2 15 61 .10 
0.00 1 28 0.79 58 3.98 5.26 98 .4 8

Sw eetwater  River SW RI 23 0.00 7 41 12 .81 - 19 0.11 40 5.88
0.00 0 16 4.98 - 25 .5 8 55 .4 0

Sy camor e Can yon SY CA 6 0.01 0 49 38 .74 - 16 6.66 27 9.65
0.00 1 28 2.00 - 31 .0 7 51 .3 0

Sy camor e H ills SY HI 10 0.01 6 66 51 .76 41 83 .52 53 .2 6 20 7.77
0.00 1 41 3.62 40 8.22 14 .5 6 33 .4 0

To rr ey Pin es TP SP 12 0.02 2 20 34 .34 40 69 .78 32 .4 0 39 5.25
0.00 2 23 3.17 57 8.01 9.30 78 .6 9

UCR UCR 5 0.00 7 40 38 .52 - 17 5.69 31 1.55
0.00 0 24 3.16 - 39 .6 0 10 3.56

Wild  An imal Par k WA PA 14 0.00 9 40 98 .54 15 87 .88 11 2.50 20 2.70
0.00 1 24 3.19 49 8.74 18 .9 3 34 .1 3
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Table 1 1.  Continu ed .

Land scape Pr incipal Com pon en ts
  Site Co de N

LA FA CT1 LA FA CT2 LA FA CT3 LA FA CT4 LA FA CT5 

Black Cany on BLCA 5 2.77 -1 .7 6 -0 .1 8 -0 .0 3 -0 .0 3
0.29 0.17 0.09 0.04 0.28 

Bo x Spr ing s BO SP 9 -0 .1 4 -0 .4 9 -0 .3 2 1.02 0.17 
0.29 0.08 0.03 0.25 0.13 

Ch ula V ista CH VI 8 -0 .3 6 -0 .2 1 -0 .4 4 2.37 -0 .2 2
0.04 0.06 0.04 0.26 0.06 

Daws on Can yo n DA CA 5 -0 .5 3 0.18 -0 .4 2 -0 .7 0 -0 .8 4
0.07 0.04 0.07 0.02 0.01 

Kabian Par k KA BI 10 -0 .9 6 -0 .3 6 -0 .3 8 -0 .3 2 -0 .7 0
0.03 0.03 0.03 0.14 0.06 

Lake Perris LA PE 23 -0 .6 1 -0 .9 6 0.51 -0 .4 6 1.06 
0.03 0.05 0.23 0.14 0.21 

Lake Sk inn er LA SK 10 0.00 -0 .3 6 -0 .4 5 -1 .2 6 0.94 
0.25 0.18 0.13 0.07 0.31 

Limesto ne Canyo n LI CA 23 0.62 -0 .0 4 0.16 -0 .7 3 -0 .2 3
0.29 0.19 0.19 0.07 0.11 

Mo tte Rimr ock Reserv e MRRE 10 -1 .0 5 -0 .4 8 -0 .3 5 -0 .4 9 -0 .4 8
0.02 0.02 0.01 0.11 0.10 

Or an ge Hills ORHI 6 -0 .1 9 -0 .2 7 -0 .4 0 2.08 0.13 
0.05 0.03 0.01 0.25 0.17 

Pamo  Valley PA VA 7 1.21 -1 .1 4 -0 .2 4 -0 .2 7 -0 .4 4
0.86 0.19 0.05 0.10 0.32 

Po in t Loma PO LO 10 0.13 -0 .2 3 1.19 0.25 -0 .8 3
0.12 0.11 0.38 0.31 0.08 

Rancho Mis sion Viejo RMVI 10 1.36 2.53 -0 .5 2 -0 .5 7 -0 .0 9
0.13 0.11 0.13 0.05 0.15 

Sand  Canyo n Res erv oir SA CA 6 0.42 -0 .4 6 -0 .2 7 -0 .8 0 3.75 
0.09 0.23 0.19 0.25 0.33 

Santa Marg ar ita SA MA 5 0.35 0.58 -0 .0 0 0.61 1.99 
0.21 0.16 0.10 0.23 0.61 

Star r Ranch STRA 22 0.54 1.51 0.07 -0 .2 8 -0 .1 6
0.15 0.24 0.17 0.12 0.15 

Sw eetwater  River SW RI 23 -0 .7 8 0.03 -0 .5 6 -0 .2 1 -0 .7 7
0.05 0.12 0.04 0.13 0.04 

Sy camor e Can yon SY CA 6 -0 .7 1 -0 .2 4 -0 .4 3 -0 .1 4 0.97 
0.06 0.05 0.02 0.11 0.19 

Sy camor e H ills SY HI 10 0.12 -0 .0 6 -0 .5 8 0.36 -0 .2 3
0.03 0.07 0.04 0.32 0.17 

To rr ey Pin es TP SP 12 0.61 -0 .0 1 2.59 0.76 -0 .2 1
0.20 0.16 0.51 0.28 0.07 

UCR UCR 5 -0 .8 3 -0 .3 1 -0 .4 0 0.73 -0 .4 7
0.07 0.03 0.02 0.25 0.13 

Wild  An imal Par k WA PA 14 -0 .3 7 0.17 -0 .3 2 0.72 -0 .0 9
0.09 0.19 0.03 0.29 0.28 
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A pr incipal com ponents analysis of  the 12 composit ion-based landscape vari ables (excluding
EDGE DIS T and URBDI ST ) yiel ded 5 fact ors wi th ei genvalues greater than 1, col lectivel y
account ing for alm ost three- quarters of  the var iat ion in the or igi nal data set (Tabl e 12).   The fi rst
component ( chapar ral vs. CS S )  cont rasted landscapes domi nated by CSS (hi gh negat ive scor es)
vs. those dominated by other  shrublands (m ai nly chaparr al)  and ripar ian (high posi ti ve scores).   As
the amount  of CSS decreased,  the CSS  perim et er/ area rat io increased.   T he second com ponent 
( native mosaic ) descr ibed a gradient of increasi ng inter mi xing of nat ive grasslands, woodl ands,
and CSS .  The thir d com ponent ( aquatic/ri parian )  described a gradi ent  of  incr easing aquati c
habi tat s and fr inging ripari an woodl ands.  T he fourt h component  ( ur ban ) was one of  increasing
ur ban landscape types, wit h all  ot her vari ables near  zero or  sl ightl y negati vel y associ ated wit h thi s
fact or.   T he fi fth fact or ( ag/ exoti c )  was associ at ed wit h increasi ng agr icult ure and exoti c
gr asslands, whi ch is just as well si nce these two types can be dif fi cul t to distinguish wi th many
form s of rem ote sensing.  These fi ve landscape factors,  al ong with EDGE DIS T and URBDIST ,
were retai ned f or further analyses.

Table 12.  Principal components analysis of landscape variables.
Entries are factor loadings after varimax rotation of four
components.  Bold denotes factor loadings > 0.5.  See Table 4 for
variable codes.

Land scape Co mpo nen ts 
Variable

LA FA C1 LA FA C2 LA FA C3 LA FA C4 LA FA C5

SH RB_A5 0.89 -0 .2 0 0.06 -0 .0 5 -0 .1 6

SH RB_P5 0.81 0.24 -0 .0 1 -0 .1 0 -0 .2 4

RI P_ A5 0.61 0.28 -0 .2 7 -0 .3 2 -0 .1 7

CS S_ A5 -0 .7 4 0.03 -0 .3 8 -0 .2 7 -0 .3 8

CS S_ P_A 5 0.79 0.27 0.09 -0 .0 3 0.18 

CS S_ P5 0.06 0.74 -0 .2 3 -0 .3 1 -0 .1 0

NA TG R_A 5 0.12 0.82 0.07 0.02 0.03 

WO OD _A5 0.13 0.53 0.64 -0 .0 0 0.05 

AQ UA T_A 5 0.03 -0 .1 9 0.83 -0 .1 0 -0 .1 5

URBA N_A 5 -0 .1 2 -0 .1 6 -0 .1 1 0.90 0.01 

AG RI C_A 5 0.03 0.08 -0 .0 7 0.20 0.59 

EX GR_A5 -0 .1 9 -0 .1 9 -0 .0 4 -0 .3 7 0.77 

Co mp onent name
ch ap arr al
vs . CSS 

native
mo saic

aq uatic/
riparian

ur ban ag /exotic

Eigenvalue 3.09 1.84 1.40 1.27 1.27 

% To tal variance 25 .7 15 .4 11 .7 10 .6 10 .6 

Cu mu lative v ariance 25 .7 41 .1 52 .8 63 .4 74 .0 
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As before,  we can exami ne si tes at  the ext remes
of  the com ponents to gain addit ional  insight  into
the sor t of var iat ion each landscape factor
repr esents (Table 11; Fig.  12A and 12B) .
Landscape factor 1 cont rasted Mott e Reserve
(MRRE, high negati ve) with Black Canyon
(BLCA, high positi ve); the form er is dominat ed
by CSS whereas the latt er contains mainly ot her 
shrublands (chapar ral).   Com ponent  2 ranges
fr om  BL CA (negative)  to Rancho Missi on Viejo
(RMVI, posit ive); BL CA had no nati ve
gr asslands or woodlands, whereas RMVI had
the highest propor ti on of each.   T he contr ast
between Sycamor e Hil ls (SYHI ), wit h no
vegetat ion in the woodl and or aquati c classes,
and Tor rey Pines (TP SP) , whi ch was highest  in
both, defi ned the ends of landscape com ponent
3.   Chula Vi sta (CHVI) and Orange Hi lls
(ORHI) def ined the high end of the urbanizat ion
component (f act or 4) , and contr ast ed wi th Lake
Skinner  (L AS K) and several  other sit es wit h
very li ttl e landscape in the ur ban class.  S and
Canyon (SACA) had the most 
agri cul tur al /exoti c grassl ands (fact or 5),  wher eas
several  si tes (e.g.,  Dawson Canyon [DACA] and
Point L oma [ POL O])  had lit tl e.

These landscape composi tional component s
were al so correlat ed wi th the posi ti on of each
point in the landscape wit h respect to habit at
edges (EDGEDIST ) and ur ban boundar ies
(URBDIS T).   For  exam ple, factor s 1 (chapar ral
vs. CSS ), 2 (native mosaic),  3 (aquatic/ri parian), 
and 5 (ag/ exoti c) were all  negativel y corr el ated
wi th di stance from  edge (r s = -0. 25, -0.28,  -
0. 20, and -0.21, respectivel y; df = 225; all  P <
0. 001).   T hus, poi nt s closer  to ecot ones (i. e., 
boundar ies between two habit at types; to be
di st inguished from  edges,  whi ch we take as
boundar ies associated with human development )
were more li kel y to be CSS  rather than other 
shrublands.  Li kewise, such poi nts were al so
more li kel y to be associat ed wi th ot her  di st inct
vegetat ion classes in the landscape,  such as
nati ve grasslands,  woodlands, aquati c, and
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Figu re 12A  a nd B.  Ordinatio n o f N CCP s tud y sites on  (top)  the fir st th ree  a nd
(b ottom ) the  la st tw o o f f iv e p rin cipal co mp one nts  d erived  f rom  la nd sca pe
va riables.  See  Ta ble 1 2 f or  in ter pr eta tio n of com po nen ts. See Tab le  1 for  s ite 
co de s.
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ag/exot ic gr asslands.  These overl apping pat ter ns reflected the relatively low r2 val ues (all  < 10% )
associated with these stat isticall y signif icant  corr elations wi th independent fact or s.  Fact or 1 was
posi tively corr elated with dist ance to an ur ban edge (r  = 0. 25;  df  = 225; P < 0.001) , refl ecting the
fact  that CS S, at least  at  the sit es we selected, was more likely than chaparral to be embedded in an
ur banizing matr ix.   Not  surprisingly, fact or  4 (incr easing urban com ponent  to the landscape)  was
negatively corr elated with dist ance to an ur ban edge  ( r = - 0.32; df  = 225; P < 0. 001). 

Ther e were no simple geogr aphical patterns to vari at ion in the landscape com ponent s.   None of the
bi variate correlat ions of average si te landscape factor s wit h site east  or  nort h UTMs was st ati sti cally
si gnifi cant (al l P > 0. 05,  df = 19).   T her e was a tendency for factor 2 (nat ive mosaic)  to decr ease
wi th east UT M ( r = -0.41, P = 0.06, df = 19) , i mpl yi ng that poi nts in m ore west ern sites had gr eat er 
association wit h nat ive gr assland and woodland at the l andscape scal e.

Non- met ric mult idi mensi onal scaling of the sites based on the five landscape components was not 
part icular ly infor mative (Fi g. 13) , alt hough st ress associ at ed wit h two NMS axes was only sl ightly
hi gher (0. 168) than for  st ructural  component s.  NMS axi s 1 was cor relat ed only wit h factor  5 (r  =
0. 64; all ot her  r  s < |0.5|) , wher eas NMS axis 2 was correlated wi th factors 1,  4,  and 5 (r  s = -0.52,
0. 60, and -0.63, respectivel y; all  other r s < |0. 4|).  Over all , SACA and TP SP wer e the most 
di ssimi lar  sites wit h r espect t o l andscape composi ti on. 
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 Fig ure  13 .  No n-m etric  mu ltidimen siona l s ca lin g o rd ina tio n of NCCP stu dy sites 
ba se d o n s ite m ean  v alu es fo r f ive  land sca pe  pr inc ip al com po nen ts.  See  Ta ble 1  fo r
site codes.
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REL AT IONSHI PS  AMONG SUM MARY VARIABLE S

To conclude our  description of the baseline habitat var iables agai nst which we wil l com par e ani mal 
species  distri but ions,  we exam ined the corr elations am ong the new, syntheti c axes, and incl udi ng
the several raw  variables that sur vived the vari able reduction process (Table 13).   Not only did
this help our cont inued interpr etati on of each of the synt hetic vari abl es,  i t also aler ts us to patt erns of
intercorrelation t hat m ay influence the outcome of  subsequent anal yses (most ly regressi on- based) of
anim al speci es   habi tat  associations.  We note that since there ar e 120 corr elations possi bl e among
the 16 quant itative var iables (7 str uct ure + 2 flori sti c + 7 landscape) , we would expect spurious
si gnifi cance am ong 5% of them, by the usual P < 0. 05 cr iteri on for  signifi cance.  In recogni tion of
this, we indicate sever al conventi onal level s of statistical  si gni fi cance,  with the caveat  that  the most
reli abl e rel ati onshi ps are those wit h P < 0. 0004, which is the Bonferroni- adjusted signifi cance level
for alpha = 0.05 and 120 t ests. 

Habi tat  St ructure

Habi tat  st ructural  vari abl es measured at the local  scal e wer e highly correlated wi th both local -scal e
species composi tion as wel l as landscape-l evel veget ati on cl ass composi tion (Table 13A) .  This
conf irm ed that the two scales were linked.   Even confining our int er pretat ions to the most  reli abl e
corr elations (P  < 0. 0004),  several  general izati ons were possibl e:

(1) Cr yptogami c soi l crusts (P C_CRYP) were less likely to be found in landscapes composed
pr im ari ly of  natur al  gr asslands and woodlands ( LAF AC2). 

(2) Local-scal e nat ive grass coverage (P C_BNGRS)  increased,  not sur pri si ngl y, in landscapes
domi nat ed by native grassl ands and woodlands (L AFAC2). Grass cover age was al so str ongly
associated with ecot ones ( EDGEDIST ). 

(3) Coverage of trees (P C_T REE ) in our  samples was not  strongl y associ at ed wit h any ot her
at tr ibute. 

(4) The grassl and-shrubl and st ructural  gradient (ST FAC1)  was highly corr elated with landscapes
more dominat ed by shrublands ot her  than CS S,  native mosaics,  and aquati c/r ipari an woodl ands
(S TF AC1, 2, and 3) , and wi th increasing local abundance of  species m ore comm onl y associ ated
wi th chaparr al than wit h CSS  (DCA1).   Grassl and st ructure was more prevalent  cl oser to
ecot ones.

(5) Gr ound lit ter incr eased and bar e ground decr eased (S TFAC2)  as the abundance of CSS  species
decr eased (DCA1).  L ikewise,  li tter increased and bare ground decr eased cl oser to ecotones.

(6) Forbs and patchier  smal l-scale veget ati on st ructur e (ST FAC3)  were not strongly associat ed wi th
any other at tri but e in our  samples.

(7) Habi tat  st ructure characteri sti c of local di sturbance (mor e Brassica and more st anding dead;
ST FAC4)  was less likely in landscapes with incr easing propor tion of nat ive grasslands
(L AF AC2).
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Table 1 3.  Corr elations  am on g f inal sets o f red uced and  sy nthes ized var iab les.  En tr ies  fo r quantitativ e v ar iab les 
in dicate s ig nif icance level of cor relation ; entries for  qu alitativ e var iab les indicate sig nificance lev el of  AN OVA  ( *
deno tes  P < 0.0 5, **  denotes  P < 0 .0 1, ***  d eno tes  P  < 0.0 01 , * ***  d eno tes  P  ≤ 0 .0 004 ).  Parenth es es den ote

negativ e ass ociation s.  See Tab les  3  an d 4  f or var iable co des.  See Tab les  8  an d 1 2 for  descrip tio n of principal
co mp onents .

A.  Hab itat Str uctur eVariable
Set

Variables
GC_CRYP PC_BNGR PC_TREE STFA C1 STFA C2 STFA C3 STFA C4

Flor istic DCA 1 (* ) (* ** *) (* ** *) ** ** *
DCA 2 (* *) (* )

Land scape LA FA C1 ** * ** ** *

LA FA C2 (* ** *) ** ** ** ** * (* ** *)

LA FA C3 ** ** (* ) ** 

LA FA C4

LA FA C5 *

ED GEDIS T * (* ** *) (* ) (* ** *) (* ** *)

URBD IST * (* )

B.  Flo ris tic Comp os ition

DCA 1 DCA 2

Stru ctu re GC_CRYP 
PC_BNGRS

PC_TREE (* ) (* *) 

STFA C1 (* ** *)

STFA C2 (* ** *)

STFA C3 ** 

STFA C4 ** * (* )

Land scape LA FA C1 (* ** *)

LA FA C2 (* )

LA FA C3

LA FA C4 * ** ** 

LA FA C5 ** ** 

ED GEDIS T

URBD IST (* ** *) (* *) 

C.  Lan dscap e Comp os ition

LA FA C1 LA FA C2 LA FA C3 LA FA C4 LA FA C5 ED GEDIS T URBD IST

Flor istic DCA 1 (* ** *) (* ) * ** ** (* ** *)
DCA 2 ** ** (* *) 

Stru ctu re GC_CRYP (* ** *) *

PC_BNGRS ** * ** ** (* ** *)

PC_TREE (* ) *

STFA C1 ** ** ** ** ** ** (* ** *)

STFA C2 * * * (* ** *)

STFA C3 (* ) (* )

STFA C4 (* ** *) ** 
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Table 1 3.  Continu ed 

D.  Qualitative VariablesVariable
Set

Variables
CA CTUS RO CK TRAI L

Flor istic DCA 1 (* *) ** ** 
DCA 2 *

Stru ctu re GC_CRYP (* ) ** 

PC_BNGRS (* )

PC_TREE * (* *) 

STFA C1 ** ** (* ** *)

STFA C2 (* ** *)

STFA C3

STFA C4 ** 

Land scape LA FA C1 * (* ** *)

LA FA C2 ** ** (* ** *)

LA FA C3

LA FA C4 * ** 

LA FA C5

ED GEDIS T (* ** *) ** ** 

URBD IST

Fl orist ic Composit ion

Vari ati on in local ly-measured plant species com posit ion was not  only associated wi th local ly-
measured str uct ural var iables, as expected, it was also associated with landscape composit ion,
furt her  conf irm ing a li nkage between the t wo scales (Table 13B) .  Some gener ali zat ions include: 

(1) The shi ft fr om assem blages domi nat ed by CS S- type species to those dominated by chaparral-
type speci es (DCA1) was associated with a gr eat er shrubland- like physical st ructur e (ST FAC1) 
and mor e lit ter  and less bar e ground (S TFAC2).  CS S- type species assemblages were more
li kely to occur  in l andscapes with higher pr oporti ons of CSS  habit at  type (L AFAC1;  a resul t that
woul d have been more surpr ising by its absence) .  In our sam ples, CS S species assemblages
were less common in landscapes wit h a large urban component (LAFAC5) , and were fur ther
away fr om ur ban edges.  One may infer the opposite relationships for  assem bl ages dom inated
by chaparr al -type speci es. 

(2) Assembl ages present in the nort her n,  inland por tion of the study region that  were not
part icular ly CS S-t ypes (si nce DCA2 is largel y uncorr elated with DCA axi s 1) wer e associ ated
wi th increasing pr oport ion of urbani zat ion i n t he landscape. 

The for egoing suggests that we sel ected CS S- type sit es that wer e in rel ati vely good condit ion and, 
at  least out  to 500 m, not  near  sour ces of  anthropogeni c distur bance.  In contr ast , it appears that we
were somewhat more constrained in our select ion of  points that wer e in shr ublands ot her  than CS S.
This may represent  the fact that the more chaparral- type sit es wer e mor e oft en locat ed in Or ange or
coastal  San Diego count ies, whi ch ar e m ore urbanized than the i nland ar eas.
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Landscape Composit ion

Landscape components were correlat ed wi th a var iet y of local -level  feat ures (Table 13C) .  Some
general  patt erns t hat emer ged i ncl uded: 

(1) As landscape composi tion changed f rom domi nation by CSS  to domi nat ion by other shr ublands
(L AF AC1), local  species composi tion (DCA1)  changed i n parall el.   T hi s change was associ ated
wi th an even more shrubland- like ( as opposed to gr assland- li ke)  local struct ure.

(2) As the proporti on of  native grassl ands and woodlands increased in the landscape (L AF AC2),
ther e was more local  gr ass coverage (PC_BNGRS) but  reduced cryptogam ic crust  cover age
(GC_CRYP).   Thi s change was also cor rel ated wit h increasing shr ubl and (as opposed to
gr assland)  local str uct ure (STF AC1) and decr easing evidence of local  di sturbance (st anding
dead and Brassica, ST FAC4). 

(3) Ther e was al so great er local  shrubland str uctur al devel opm ent (STF AC1) as the propor tion of
ri parian woodlands and aquat ic habit at in the l andscape incr eased (L AFAC3) .

(4) Incr easing urbanizat ion in t he landscape ( LAFAC4) was not associat ed wi th any l ocal str uct ur al
el em ent s, but was correlat ed wi th a shi ft in local  plant species com positi on, especi all y species
ot her t han t hose t ypical of CSS  (DCA2). 

(5) Incr easing agri cul ture/ exoti c grassl ands in the landscape (L AFAC5)  was str ongly associated
wi th a shi ft  in composi tion from CSS  to ot her shrubl ands ( DCA1) .

The landscape dist ance measures were al so associat ed wi th local  feat ures of poi nts:

(1) The cover of  gr asses (P C_BNGRS)  decr eased away from habitat ecotones (E DGE DI ST) .
Points far ther from ecotones had mor e shrub cover (S TFAC1) , whereas those cl oser had more
gr ass and li tter cover (ST FAC2) .

(2) Points fur ther from urban boundari es (URBDIS T) had a more CS S-l ike assembl age of plant
species (DCA1). 

For the qual itative var iables, we obser ved that  cact us clumps and rock out cr ops were st rongl y
negatively associated, as were cactus clum ps and t rails.  However,  t her e was no association bet ween
rock outcr ops and tr ail s.  T hus, t o sum mar ize t hese and ot her patt er ns (Tabl e 13D) :

(1) Lar ge cactus clumps di d not  occur i n r ocky areas.
(2) Trails avoi ded areas wit h l arge cactus clum ps,  but not  r ock outcrops.
(3) At a local scale, large cactus clum ps were associat ed wi th increasi ng shrubland- like str uct ure

(S TF AC1), and at a landscape scale they were associated wi th increasing natural  mosaic
(L AF AC2).  T hey were more pr evalent closer  t o ecot ones (EDGE DIS T). 

(4) At a local scale, rocky out crops were associat ed wi th typical CS S plant species assemblage
(DCA1),  and was more li kel y to occur  at  points whi ch were st ructur al ly shr ublands rather than
gr asslands (STF AC1),  containing more bare gr ound than litt er  (S TFAC2).  They were more
comm on in landscapes dominat ed by CS S rather  than chaparral (LAFAC1)  and less comm on in
natural  mosaics (L AF AC2).  T hey were less pr evalent closer  t o ecot ones (EDGE DIS T). 
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V. VERTEBRATE DISTRIBUTION AND DIVERSITY IN COASTAL SAGE
SCRUB

COMP OSI TION OF ANI MAL COMMUNITI ES

SPE CI ES DET ECTED

Throughout  the thr ee-year period we det ect ed a tot al  of  108 bir d and 13 sm al l mamm al  speci es
(T ables 14-16).   S pecies var ied substantiall y in their distr ibution and abundance as indexed by the
number of point s and the num ber  of  sites at whi ch they wer e det ect ed.  We cl assed as r are  68 bir d
and 5 smal l mam mal  species that  occurred on less than 4% of the total number  of  points sur veyed
for each taxon thr oughout the enti re st udy (Tables 15, 16) .  Al though we included rare speci es in
esti mat ing species richness at a poi nt,  we excl uded them from furt her comm unity-level anal yses
(e.g., DCA).   Most  of these species wer e truly rar e;  of  them , 16 bir ds wer e onl y det ect ed once,  10
only twice, 5 only three tim es,  and 4 only four  ti mes out of  914 opport uni ti es (Tabl es 17- 21).  Four 
mamm al speci es wer e trapped at 7 or fewer point s ( out of 534 oppor tunit ies; Tables 22-25). 

Because of  the sam pl ing technique em ployed, som e finer resol uti on of  the local abundance of small
mamm als was possible (T abl e 26) .  However,  patt erns in the absolut e num ber  of indi vi duals
capt ured closel y mir ror ed patterns in presence/ absence (compare Tabl e 26 to Tables 22-25). 
Ther efore further analyses of smal l mam mal  dist ribut ions wer e conducted on presence/ absence dat a
to be consistent wit h t hose undert aken for  birds.

Species associated with ur banizati on (e.g. , house mi ce,  Rock Doves, Eur opean St arl ings,  House
Spar rows) were rar e in our  samples, ref lecti ng the fact  that  we endeavored to locate our poi nts at 
some di stance from  human development .  Sever al speci es of speci al concern in the region (e.g.,
St ephens  kangaroo rat,  Horned Lar k,  Bell  s Vir eo)  were al so rare in our sam ples, pr incipall y
because thei r habi tat affi ni ties lie not wit h coastal sage scrub, our target  veget at ion type.  Raptors
and swallows were al so uncom mon in our sam pl es,  as these groups ar e poorly sampled by point
counts such as our s. 

Of  t he rem ai ning species, 33 bi rds and 8 small mam mals (indi cat ed in Tables 15,  16) occurr ed on at 
least 10% of  the poi nts duri ng at least  one sur vey peri od (T abl es 17-25).  We retained these speci es
for additi onal analysis of  vert ebr at e habi tat r elati onships.   T he remai ning 7 bird species ( whi ch were
detected at 5-10% of  point s sur veyed) were incl uded in com munit y-l evel analyses, but  had sam ple
si zes i nsuff ici ent  t o suppor t anal yses of habit at relat ionships.

Several  species were wi despr ead and qui te abundant .  Calif or nia Towhees, for  example, appear ed
on over  85% of our  point sur veys.  Cact us mi ce,  Wr entit s, and S pot ted T owhees occurr ed on al most
two- thi rds of our surveys,  and San Diego woodrats,  Bewi ck  s Wrens,  and House Fi nches on
roughly one- hal f.  Although not  necessaril y lim ited to coast al sage scr ub veget ati on type,  these
seven species can certainl y be consi der ed characteri sti c of it. 

Of  the com mon bird species, two were pr imari ly fal l- winter  visi tor s,  abundant only on fall  surveys
(Ruby-crowned Kinglet and Yellow-r um ped Warbler ).  T hir teen wer e pri mar ily spri ng- summer
mi gr ant s, br eeding in the region and commonl y detect ed onl y on spr ing surveys (Ash-t hroated
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Fl ycatcher , Black- chinned Sparr ow,  Black-headed Gr osbeak, Canyon Wren, Com mon
Yell owt hroat , Cost a  s Humm ingbi rd,  Grasshopper Sparr ow,  House Wren, Lazuli  Bunt ing,
Mour ning Dove, Phainopepla, Orange-crowned Warbler , and Song Sparr ow).
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Tabl e 14.  Codes, common nam es,  and sci ent if ic nam es of  al l bir ds detected duri ng
NCCP  surveys, 1995-1997.  Li st is sorted i n AOU checkl ist  order. 

Code Comm on Nam e Scienti fic Name

GT BH Gr eat Blue Heron Ardea herodi as

BCNH Bl ack-crowned Night Her on Nyct icorax nyct icorax

TUVU Turkey Vul ture Cathart es aura

SS HA Shar p-shinned Hawk Acci pit er st riatus

WT SW Whit e-t hroat ed Swi ft Aeronautes saxatal is

COHA Cooper’s Hawk Acci pit er cooperii 

RT HA Red- tai led Hawk Buteo j amaicensis

AMKE Am er ican Kestrel Falco sparverius

CAQU Cali for nia Quai l Call ipepla cali forni ca

KI LL Ki ll deer Charadrius voci ferus

RODO Rock Dove Columba li vi a

BT PI Band-tailed Pigeon Columba fasciat a

WWDO Whit e-winged Dove Zenaida asiatica

MODO Mour ning Dove Zenaida macroura

GRRO Gr eater  Roadrunner Geococcyx calif ornianus

LE NI Lesser Night hawk Chordei les acut ipennis

BCHU Bl ack-chinned Humm ingbi rd Archilochus alexandri

ANHU Anna’s Hum mi ngbird Calypte anna

COHU Cost a’s Humm ingbir d Calypte cost ae

RUHU Rufous Hum mi ngbird Selasphorus ruf us

ACWO Acor n Woodpecker Melanerpes f ormici vorus

NUWO Nutt all ’s Woodpecker Pi coides nut tal lii 

NOFL Nort her n F li cker Colaptes auratus

WE WP West ern Wood-pewee Cont opus sordidulus

PS FL Paci fic-sl ope F lycat cher Empi donax di ffi cil is

BL PH Bl ack P hoebe Sayorni s nigricans

SAPH Say’s P hoebe Sayorni s saya

AT FL Ash- thr oat ed Fl ycatcher Myiarchus ci nerascens

CAKI Cassin’s Kingbi rd Tyrannus vociferans

WE KI West ern Ki ngbir d Tyrannus verticali s
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Tabl e 14.  Cont inued.

Code Comm on Nam e Scienti fic Name

HOLA Horned Lar k Eremophila alpestris

TRSW Tr ee Swall ow Tachyci net a bicolor

VGSW Vi ol et- green Swall ow Tachyci net a thalassi na

NRWS Nort her n Rough- winged S wal low St el gidopt eryx serri pennis

BASW Bank Swall ow Ri paria ri paria

CL SW Cl if f S wal low Hi rundo pyrrhonota

BARS Barn Swall ow Hi rundo rust ica

SCJA West ern Scrub-Jay Aphelocoma cali forni ca

AMCR Am er ican Crow Corvus brachyrhynchos

CORA Comm on Raven Corvus corax

PL TI Pl ai n T itm ouse Parus i nornatus

COBU Comm on Busht it Psal tri parus mi nimus

WBNU Whit e-breast ed Nut hatch Si tt a caroli nensis

CACW Cact us Wren Campylorhynchus brunnei capil lus

ROWR Rock Wr en Salpinctes obsolet us

CANW Canyon Wren Catherpes mexicanus

BE WR Bewi ck’s Wren Thryomanes bewi cki i

HOWR House Wren Troglodytes aedon

WI WR Wi nt er Wren Troglodytes troglodytes

RCKI Ruby-cr owned Ki ngl et Regulus calendula

BGGN Bl ue-gr ay Gnatcatcher Poli opt ila caerulea

BT GN Bl ack-t ail ed Gnatcat cher Poli opt ila melanura

CAGN Cali for nia Gnat cat cher Poli opt ila cali forni ca

WE BL West ern Bl uebir d Si al ia mexicana

HE TH Herm it Thr ush Catharus gut tat us

AMRO Am er ican Robin Turdus migratorius

WREN Wr entit Chamaea fasciat a

NOMO Nort her n Mockingbi rd Mi mus polygl ott os

CATH Cali for nia T hrasher Toxostoma redivivum

CE DW Cedar Waxwing Bombyci lla cedrorum

PHAI Phai nopepl a Phai nopepl a nit ens

LOSH Loggerhead S hri ke Lani us ludovici anus

EUST European S tarli ng St urnus vulgari s
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Tabl e 14.  Cont inued.

Code Comm on Nam e Scienti fic Name

BE VI Bell ’s Vir eo Vi reo bell ii 

SOVI Soli tar y Vir eo Vi reo soli tarius

HUVI Hutt on’s Vir eo Vi reo hutt oni

WAVI Warbling Vir eo Vi reo gilvus

OCWA Or ange- crowned War bl er Vermivora celat a

YWAR Yell ow War bl er Dendroi ca petechia

YRWA Yell ow- rum ped Warbler Dendroi ca coronata

TOWA Townsend’s Warbler Dendroi ca townsendi

COYE Comm on Yel lowthroat Geot hlypis t richas

WI WA Wi lson’s War bler Wi lsoni a pusill a

YBCH Yell ow- breasted Chat Icteria vi rens

WE TA West ern Tanager Pi ranga ludoviciana

BHGR Bl ack-headed Gr osbeak Pheucti cus melanocephal us

BL GR Bl ue Gr osbeak Guiraca caerulea

LAZB Lazuli Bunti ng Passeri na amoena

SP TO Spot ted Towhee Pi pi lo macul atus

CALT Cali for nia T owhee Pi pi lo cri ssali s

RCSP Rufous- crowned Sparr ow Ai mophi la ruficeps

CHSP Chipping S parrow Spizell a passerina

BRSP Br ewer’s S parrow Spizell a breweri

BCSP Bl ack-chinned S par row Spizell a atrogularis

LASP Lark Sparr ow Chondestes grammacus

BT SP Bl ack-t hroat ed Sparr ow Amphispiza bili neata

SAGS Sage Sparr ow Amphispiza bell i

SAVS Savannah S parrow Passerculus sandwi chensis

GRSP Gr asshopper Sparrow Ammodramus savannarum

FOSP Fox Sparrow Passerella i liaca

SOSP Song Sparr ow Melospi za melodia

LI SP Li ncoln’s Sparr ow Melospi za li ncolni i

GCSP Golden- crowned Sparr ow Zonotri chi a atricapi lla

WCSP Whit e-crowned S par row Zonotri chi a leucophrys

DE JU Dark-eyed Junco Junco hyemal is

RWBL Red- winged Blackbi rd Agel aius phoeni ceus
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Tabl e 14.  Cont inued.

Code Comm on Nam e Scienti fic Name

WE ME West ern Meadowl ark St urnel la neglecta

BRBL Br ewer’s Blackbird Euphagus cyanocephal us

BHCO Br own-headed Cowbi rd Molothrus at er

SCOR Scot t’s Or iole Icterus pari sorum

HOOR Hooded Ori ol e Icterus cucullatus

NOOR Bull ock’s Or iol e Icterus bull ockii

PUFI Purple Finch Carpodacus purpureus

HOFI House F inch Carpodacus mexi canus

LE GO Lesser Gol df inch Carduel is psalt ria

LAGO Lawr ence’s Goldfinch Carduel is lawrencei

AMGO Am er ican Gol dfi nch Carduel is trist is

HOSP House S par row Passer domesticus
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Tabl e 15.  Codes and common nam es of  al l bir d
species detected dur ing NCCP  surveys, 1995-1997.
Li st  is sort ed alphabet icall y by code, whi ch is the
or der of their appearance in most tables.  * denot es
species that  appeared on at least 10% of the point s
duri ng any one census peri od.  Itali cs denot e rare
species (appear ing on < 4%  of N = 915 t otal poi nts). 

Code Comm on Nam e

ACWO Acor n Woodpecker

AMCR Am er ican Crow

AMGO Am er ican Gol dfi nch

AMKE American Kestrel

AMRO American R obin

ANHU Anna’s Hum mi ngbird *

AT FL Ash- throat ed Fl ycatcher

BARS Barn Swall ow

BASW Bank Swall ow

BCHU Bl ack-chinned Hummingbi rd

BCNH Bl ack-crowned Night Heron

BCSP Bl ack-chinned S par row *

BE VI Bell ’s Vir eo

BE WR Bewi ck’s Wren *

BGGN Bl ue-gr ay Gnatcatcher *

BHCO Br own-headed Cowbi rd

BHGR Bl ack-headed Gr osbeak *

BL GR Bl ue Gr osbeak

BL PH Bl ack P hoebe

BRBL Brewer’ s B lackbird

BRSP Brewer’ s Sparrow

BT GN Bl ack-t ail ed Gnatcat cher

BT PI Band-tailed Pigeon

BT SP Bl ack-t hroat ed Sparrow

CACW Cact us Wren *

CAGN Cali for nia Gnat cat cher *

CAKI Cassin’s Kingbi rd

CALT Cali for nia T owhee *

CANW Canyon Wren *

CAQU Cali for nia Quai l *
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Tabl e 15.  Cont inued.

Code Comm on Nam e

CATH Cali for nia T hrasher *

CE DW Cedar Waxwing

CHSP Chipping Sparrow

CL SW Cl if f Swal low

COBU Comm on Busht it *

COHA Cooper’s Hawk

COHU Cost a’s Humm ingbir d *

CORA Comm on Raven

COYE Comm on Yel lowthroat *

DE JU Dark-eyed Junco

EUST European Starli ng

FOSP Fox Sparrow

GCSP Golden- crowned Sparrow

GRRO Greater Roadrunner

GRSP Gr asshopper Sparrow

GT BH Gr eat Blue Heron

HE TH Hermit Thrush

HOFI House F inch *

HOLA Horned Lar k

HOOR Hooded Ori ol e

HOSP House Sparrow

HOWR House Wren

HUVI Hutt on’s Vir eo

KI LL Ki ll deer

LAGO Lawrence’s Goldfinch

LASP Lark Sparrow

LAZB Lazuli Bunti ng *

LE GO Lesser Gol df inch *

LE NI Lesser Night hawk

LI SP Li ncoln’s Sparrow

LOSH Loggerhead Shri ke

MODO Mour ning Dove *

NOFL Nort her n F li cker *
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Tabl e 15.  Cont inued.

Code Comm on Nam e

NOMO Nort her n Mockingbi rd *

NOOR Bull ock’s Or iol e

NRWS Nort hern R ough- winged Swal low

NUWO Nutt all ’s Woodpecker

OCWA Or ange- crowned War bl er *

PHAI Phai nopepl a *

PL TI Pl ai n T itm ouse

PS FL Paci fic-sl ope F lycat cher

PUFI Purple Finch

RCKI Ruby-cr owned Ki ngl et  *

RCSP Rufous- crowned Sparr ow *

RODO Rock Dove

ROWR Rock Wr en *

RT HA Red- tai led Hawk

RUHU Rufous Hummi ngbird

RWBL Red- winged B lackbi rd

SAGS Sage Sparr ow *

SAPH Say’s P hoebe

SAVS Savannah Sparrow

SCJA West ern Scrub-Jay *

SCOR Scot t’s Or iole

SOSP Song Sparr ow *

SOVI Soli tar y Vir eo

SP TO Spot ted Towhee *

SS HA Shar p-shinned Hawk

TOWA Townsend’s W arbler

TRSW Tree Swall ow

TUVU Turkey Vul ture

VGSW Vi ol et- green Swall ow

WAVI Warbling V ireo

WBNU Whit e-breast ed Nut hatch

WCSP Whit e-crowned S par row *

WE BL West ern Bl uebir d
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Tabl e 15.  Cont inued.

Code Comm on Nam e

WE KI West ern Ki ngbir d

WE ME West ern Meadowl ark *

WE TA West ern Tanager 

WE WP West ern Wood-pewee

WI WA Wi lson’ s W arbler

WI WR Wi nt er Wren

WREN Wr entit  *

WT SW Whit e-t hroat ed Swi ft 

WWDO Whit e-winged Dove

YBCH Yell ow- breasted Chat 

YRWA Yell ow- rum ped Warbler *

YWAR Yell ow War bl er
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Tabl e 16.  Codes, common nam es,  and sci ent if ic nam es of  al l mam mal  species
detected dur ing NCCP  surveys, 1995-1996.  Li st is in al phabetical or der  by codes,
which is their order  of  appearance in most  tabl es.   * denotes species that  occurred on
at  least 10%  of  points dur ing any sampl ing peri od.   Rem aining species were classed
as rar e  (appeari ng on < 4%  of  N = 534 total points surveyed). 

Code Comm on Nam e Scienti fic Name

CHCA Dulzura pocket mouse Chaetodipus cal ifornicus f emoralis

CHFA San Diego pocket m ouse * Chaetodipus fal lax f all ax

DI AG Paci fic kangaroo r at  * Di podomys agili s

DI ST St ephens’ kangaroo r at Di podomys st ephensi

MI CA Cali for nia vole Mi crotus cal iforni cus

MUMU House m ouse Mus muscul us

NE FU Dusky-f oot ed woodr at  * Neot oma fuscipes

NE LE San Diego woodr at * Neot oma lepi da int ermedia

PE CA Cali for nia m ouse * Peromyscus cali forni cus

PE ER Cact us mouse * Peromyscus eremicus

PE LO Los Angeles pocket  m ouse Perognathus longimembri s brevinasus

PE MA Deer  mouse * Peromyscus mani cul at us

RE ME West ern harvest  mouse * Reit hrodontomys megalot is
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Table 1 7.  D istrib ution  of  b ird  sp ecies  am on g N CCP  s tud y s ites, Sp ring 199 5.

Site

Sp ecies 

B
L

C
A

D
A

C
A

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

ST
R

A

SW
R

I

SY
C

A

U
C

R

W
A

PA

Nu mb er
of  P oin ts

Nu mb er
of  S ites

ACWO + + 12 2

AMGO + 1 1

AN HU + + + + + + + + + 29 9

ATFL + + + + 9 4

BCHU + 1 1

BCNH + 1 1

BCSP + + + + + + + + + + + 79 11 

BEWR + + + + + + + + + + 75 10 

BG GN + + + + 7 4

BH CO + + + 6 3

BH GR + + + + + 12 5

BLGR + + + 5 3

BLPH + + + 5 3

CA CW + + + 28 3

CA GN + + + + + + 18 6

CA LT + + + + + + + + + + + 11 3 11 

CA NW + + + 16 3

CA QU + + + + + + + + + + + 74 11 

CA TH + + + + + + + + + + 61 10 

CEDW + 1 1

CO BU + + + + + + + + + + 49 10 

CO HU + + + + + + + + + + + 66 11 

CO YE + + 4 2

EU ST + 1 1

GCSP + + 3 2

GRRO + + + + 10 4

GRSP + + + 11 3

HO FI + + + + + + + + + 46 9

HO OR + 1 1

HO WR + + + 10 3

LA GO + + 4 2

LA ZB + + + + + + + + + + + 73 11 

LEGO + + + + + + + + + + + 60 11 

LI SP + 1 1

LO SH + 1 1

MO DO + + + + + + + + + + + 66 11 

NO FL + + 5 2

NO MO + + + + + + + + 42 8

NO OR + + 4 2

NU WO + + + 4 3

OCWA + + 3 2
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Table 1 7.  Continu ed .

Site

Sp ecies 

B
L

C
A

D
A

C
A

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

ST
R

A

SW
R

I

SY
C

A

U
C

R

W
A

PA

Nu mb er
of  P oin ts

Nu mb er
of  S ites

PH AI + + + + + 19 5

PLTI + + 4 2

RCSP + + + + + + + + + 48 9

RO WR + + + + + 10 5

RU HU + 1 1

RW BL + 1 1

SA GS + + + + + + + + 51 8

SCJA + + + + + + + + 35 8

SO SP + + + + + + + + + + 34 10 

SP TO + + + + + + + + + + + 10 3 11 

WCSP + + + + + + + 30 7

WEME + + + + + + + + 26 8

WETA + 1 1

WI WA + + 2 2

WREN + + + + + + + 81 7
YBCH + 5 1

Nu mb er of
Sp ecies 

17 20 32 36 25 21 36 32 26 18 25 



78

Table 1 8.  D istrib ution  of  b ird  sp ecies  am on g N CCP  s tud y s ites, Fall 19 95.

Site

Sp ecies 

B
L

C
A

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

ST
R

A

SW
R

I

SY
C

A

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

ACWO + + 3 2

AMGO + + 3 2

AMRO + 2 1

AN HU + + + + + + + + + 49 9

BEWR + + + + + + + + + + 53 10 

BG GN + + + + + + + 23 7

BRBL + 1 1

BTPI + 1 1

CA CW + + + 12 3

CA GN + + + + + 13 5

CA KI + 2 1

CA LT + + + + + + + + + + 97 10 

CA NW + 1 1

CA QU + + + + + + + + + 29 9

CA TH + + + + + + + 15 7

CO BU + + + + + + + + + + 37 10 

CO HU + 1 1

EU ST + 1 1

FO SP + 2 1

GCSP + 1 1

HETH + 4 1

HO FI + + + + + + + + + + 70 10 

HO WR + 2 1

HU VI + 1 1

LEGO + + + + + + + + + + 45 10 

LO SH + 2 1

MO DO + + + + 4 4

NO FL + + + + + + + + + + 53 10 

NO MO + + + + + + + 33 7

NU WO + + 3 2

PLTI + + + 12 3

RCKI + + + + + + 19 6

RCSP + + + + + + + + 16 8

RO WR + + + + + + + 24 7

SP TO + + + + + + + + + 49 9

SA GS + + + + + + 18 6

SA PH + + + + + + + 9 7

SCJA + + + + + + 33 6

SCOR + 1 1

SO SP + + + + + 7 5
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Table 1 8.  Continu ed .

Site

Sp ecies 

B
L

C
A

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

ST
R

A

SW
R

I

SY
C

A

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

WCSP + + + + + + + + + + 66 10 

WEME + + + + + + 16 6

WREN + + + + + + + 78 7
YRWA + + + + + + 58 6

Nu mb er of
Sp ecies 

16 23 27 20 20 27 26 20 15 23 
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Table 1 9.  D istrib ution  of  b ird  sp ecies  am on g N CCP  s tud y s ites, Sp ring 199 6.

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

ACWO + + + + + + 17 6

AMCR + 2 1

AMGO + + 2 2

AMKE + 1 1

AMRO + 1 1

AN HU + + + + + + + + + + + + + + + + + + 83 18 

ATFL + + + + + 8 5

BA SW + + 2 2

BCSP + + + + + + + + + + + + 83 12 

BEWR + + + + + + + + + + + + + + + + + + + + + 15 4 21 

BG GN + + + + + + + + 13 8

BH CO + + + + 5 4

BH GR + + + + + + + + 29 8

BLGR + 2 1

BLPH + + 2 2

BRBL + 3 1

CA CW + + + + + + + + + + + 65 11 

CA GN + + + + + + + + + 30 9

CA KI + 1 1

CA LT + + + + + + + + + + + + + + + + + + + + + 20 6 21 

CA NW + + + + + 18 5

CA QU + + + + + + + + + + + + + + + + + + + + + 10 4 21 

CA TH + + + + + + + + + + + + + + + + + + + 10 0 19 

CEDW + 2 1

CLSW + + + 9 3

CO BU + + + + + + + + + + + + + + + + + + + + 13 4 20 

CO HU + + + + + + + + + + + + + + + + + + + + + 14 1 21 

CO RA + + 4 2
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Table 1 9.  Continu ed .

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

CO YE + + + + + + + + + + + 43 11 

EU ST + + + + + + + + 11 8

GRRO + + + + + 10 5

GRSP + + + + + + + + + 26 9

HO FI + + + + + + + + + + + + + + + + + + + + 11 7 20 

HO LA + 3 1

HO OR + 1 1

HO WR + + + + + + + + + + 24 10 

KI LL + + + 4 3

LA SP + 1 1

LA ZB + + + + + + + + + 18 9

LEGO + + + + + + + + + + + + + + + + + + + + 95 20 

LO SH + + 2 2

MO DO + + + + + + + + + + + + + + + + + + + + 13 7 20 

NO FL + + + + + + + + 19 8

NO MO + + + + + + + + + + + + + + + + + + 10 2 18 

NO OR + + + + 5 4

NU WO + + + + + 5 5

OCWA + + + + + + + + + 26 9

PH AI + + + + + + + + + + 23 10 

PLTI + + + + + + 11 6

PS FL + 1 1

RCKI + + 2 2

RCSP + + + + + + + + + + + + + + + + + + + 11 9 19 

RO WR + + + + + 16 5

RW BL + + 5 2
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Table 1 9.  Continu ed .

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

SA GS + + + + + + + + + 44 9

SA PH + + + + + + 8 6

SA VS + 2 1

SCJA + + + + + + + + + + + + + + + + + 63 17 

SO SP + + + + + + + + + + + + + + + + + + 68 18 

SP TO + + + + + + + + + + + + + + + + + + + + + 19 3 21 

WA VI + 1 1

WCSP + + + + + + + + + + + + + + + + 66 16 

WEKI + + + + + + + 9 7

WEME + + + + + + + + + + + + + + + 70 15 

WI WA + + + + + + + + + + + 16 11 

WI WR + 1 1

WREN + + + + + + + + + + + + + + + + + + + 15 7 19 

YBCH + 2 1
YRWA + 1 1

Nu mb er of
Sp ecies 

21 30 27 27 32 28 36 22 22 26 24 33 31 22 37 34 26 33 22 18 29 
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Table 2 0.  D istrib ution  of  b ird  sp ecies  am on g N CCP  s tud y s ites, Fall 19 96.

Sites

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

D
A

C
A

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

Nu mb er of
Po in ts

Nu mb er of
Sites

AMCR + + 3 2

AMGO + 1 1

AMKE + 1 1

AMRO + + + 4 3

AN HU + + + + + + + + + + + + + + + + + + 88 18 

BEWR + + + + + + + + + + + + + + + + 47 16 

BG GN + + + + + + + + + 21 9

BH GR + 1 1

BLPH + + + + + + 7 6

CA CW + + + + 5 4

CA GN + + + + + + 14 6

CA LT + + + + + + + + + + + + + + + + + + + + 14 2 20 

CA NW + + 4 2

CA QU + + + + + + + + + + 19 10 

CA TH + + + + + + + + + + + + 37 12 

CO BU + + + + + + + + + + + + + 30 13 

CO HU + + + 3 3

CO RA + + + + + + 11 6

CO YE + 2 1

DEJU + + 2 2

EU ST + 1 1

GCSP + 1 1

GRSP + 1 1

HETH + 2 1

HO FI + + + + + + + + + + + + + + + + + + 62 18 
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Table 2 0.  Continu ed .

Sites

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

D
A

C
A

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

Nu mb er of
Po in ts

Nu mb er of
Sites

HO WR + 2 1

LA SP + 2 1

LEGO + + + + + + + + + + 21 10 

LO SH + + + 6 3

MO DO + 1 1

NO FL + + + + + + + + + + + + 31 12 

NO MO + + + + + + + 15 7

NU WO + + 2 2

OCWA + 1 1

PLTI + 2 1

RCKI + + + + 21 4

RCSP + + + + + + + + + 17 9

RO WR + + + + + 14 5

RTHA + 1 1

SA GS + + + + 11 4

SA PH + + + 3 3

SCJA + + + + + + + + + + + 36 11 

SO SP + + + + + + + 10 7

SP TO + + + + + + + + + + + + + 38 13 

WCSP + + + + + + + + + + + + + + + + + + + 92 19 

WEBL + 1 1

WEKI + + 2 2

WEME + + + + + + 11 6

WREN + + + + + + + + + + + + 10 4 12 
YRWA + + + + + + + + 69 8

Nu mb er of
Sp ecies 

7 17 16 3 11 21 4 23 18 9 13 12 11 20 18 24 22 10 18 17 8
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Table 2 1.  D istrib ution  of  b ird  sp ecies  am on g N CCP  s tud y s ites, Sp ring 199 7.

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

D
A

C
A

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

ACWO + + + + + 17 5

AMCR + + + + + + + + + + + + + + 52 14 

AMGO + + + 4 3

AMRO + + + 4 3

AN HU + + + + + + + + + + + + + + + + + + + + + 86 21 

ATFL + + + + + + + + + + + + 57 12 

YRWA + + + + + + + 24 7

BA RS + + 2 2

BA SW + + 5 2

BCNH + 1 1

BCSP + + + + + + + + + + 67 10 

BEVI + 3 1

BEWR + + + + + + + + + + + + + + + + + + + + + 19 0 21 

BG GN + + + 4 3

BH CO + + + + + + + + 11 8

BH GR + + + + + + + 22 7

BLGR + + + + + 9 5

BLPH + + + + + + + + + + + 19 11 

BRSP + + + + + + 8 6

BTGN + 1 1

BTSP + + 2 2

CA CW + + + + + + + + + + 68 10 

CA GN + + + + + + + + + + + + 35 12 

CA KI + + + + + 8 5

CA LT + + + + + + + + + + + + + + + + + + + + + + 22 7 22 

CA NW + + + + + + + 26 7

CA QU + + + + + + + + + + + + + + + + + + + + + 13 7 21 
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Table 2 1.  Continu ed .

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

D
A

C
A

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

CA TH + + + + + + + + + + + + + + + + + + + + 12 9 20 

CH SP + + 2 2

CLSW + + + + + + + + 19 8

CO BU + + + + + + + + + + + + + + + 60 15 

CO HU + + + + + + + + + + + + + + 44 14 

CO RA + + + + + + + + + + + + + + + + + + + + + 11 0 21 

CO YE + + + + + + + + + 30 9

EU ST + + + + + + + + + + 18 10 

FO SP + + 2 2

GCSP + + + 3 3

GRRO + + + + + + + + + 14 9

GRSP + + + + 11 4

GTBH + + 2 2

HETH + + + + + + + + 18 8

HO FI + + + + + + + + + + + + + + + + + + + + + + 16 3 22 

HO LA + 1 1

HO OR + + + 4 3

HO SP + 1 1

HO WR + + + + + + + + + + + + + 45 13 

HU VI + + + + + + + 13 7

KI LL + + + + + 9 5

LA GO + + + + + + 6 6

LA SP + + + + + + + + 16 8

LA ZB + + + + + + + + + + + 34 11 

LEGO + + + + + + + + + + + + + + + + + + + + + + 15 6 22 

LI SP + + + + + + + 11 7
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Table 2 1.  Continu ed .

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

D
A

C
A

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

LO SH + + 3 2

MO DO + + + + + + + + + + + + + + + + + + + + + + 14 8 22 

NO FL + + + + + + + + + + 41 10 

NO MO + + + + + + + + + + + + + + + + 98 16 

NO OR + + + + + + + + + 18 9

NRWS + + 3 2

NU WO + + + + + + + + 22 8

OCWA + + + + + + + + + + + + 47 12 

PH AI + + + + + + 19 6

PLTI + + + + + + 20 6

PS FL + + 4 2

PU FI + + 2 2

RCKI + + + 6 3

RCSP + + + + + + + + + + + + + + + + + + + + + + 15 3 22 

RO WR + + + 4 3

RU HU + 1 1

RW BL + + + + 5 4

SA GS + + + + + + + + + + 76 10 

SA PH + + 2 2

SA VS + 1 1

SCJA + + + + + + + + + + + + + + + 67 15 

SO SP + + + + + + + + + + + + + + + + 58 16 

SO VI + 1 1

SP TO + + + + + + + + + + + + + + + + + + + + 19 3 20 

TO WA + 4 1

TRSW + 1 1
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Table 2 1.  Continu ed .

Site

Sp ecies 

B
L

C
A

B
O

SP

C
H

V
I

D
A

C
A

K
A

B
I

L
A

PE

L
A

SK

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

TU VU + + + + + 9 5

VG SW + + + 5 3

WA VI + + 6 2

WBNU + 1 1

WCSP + + + + + + + + + + + + + + + + + + + + 10 7 20 

WEKI + + + + + + + + + + + 21 11 

WEME + + + + + + + + + + + + + 50 13 

WETA + 2 1

WEWP + 2 1

WI WA + + + 12 3

WREN + + + + + + + + + + + + + + + 16 0 15 

WTSW + + + + 5 4

WW DO + 1 1

YBCH + + + 16 3
YW AR + 1 1

Nu mb er of
sp ecies 

25 37 28 20 27 40 40 60 26 27 34 24 39 32 36 44 44 21 40 31 19 42 
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Table 2 2.  Distrib ution  of  s mall m am mal sp ecies  am on g N CCP  s tud y s ites,
Sp ring 199 5.

Site

Sp ecies 

B
L

C
A

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

ST
R

A

SW
R

I

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

CH CA + 1 1

CH FA + + + + + + + 31 7

DI AG + + + + + 29 5

NEFU + + + + 11 4

NELE + + + + + + + 42 7

PECA + + + + + 24 5

PEER + + + + + + + + 48 8

PEMA + + + + 34 4
REME + + + 8 3

Nu mb er of
Sp ecies 

5 5 5 5 6 5 6 7



90

Table 2 3.  D istrib ution  of  s mall m am mal sp ecies  am on g N CCP  s tud y s ites, Fall 19 95.

Site

Sp ecies 

B
L

C
A

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

ST
R

A

SW
R

I

SY
C

A

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

CH FA + + + + + + + + + 47 9

DI AG + + + + + + + 40 7

MI CA + 2 1

MU MU + + 2 2

NEFU + + + + + 32 5

NELE + + + + + + + + + + 54 10 

PECA + + + + + + + 49 7

PEER + + + + + + + + + + + 87 11 

PEMA + + + + + + + 46 7
REME + + + + 18 4

Nu mb er of
Sp ecies 

5 6 6 5 4 6 8 5 7 5 6
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Table 2 4.  D istrib ution  of  s mall m am mal sp ecies  am on g N CCP  s tud y s ites, Sp ring 199 6.

Site

Sp ecies 

B
L

C
A

K
A

B
I

L
A

PE

L
IC

A

M
R

R
E

PA
V

A

PO
L

O

R
M

V
I

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

CH CA + 2 1

CH FA + + + + + + + + + + 61 10 

DI AG + + + + + + + + 41 8

DI ST + 1 1

MI CA + 2 1

MU MU + 1 1

NEFU + + + + + + + + + 45 9

NELE + + + + + + + + + + + + + 78 13 

PECA + + + + + + + + + + + 61 11 

PEER + + + + + + + + + + + + + + + 10 2 15 

PELO + 1 1

PEMA + + + + + + + + 50 8
REME + + + + + + + + + + + 18 11 

Nu mb er of
Sp ecies 

4 7 7 5 6 5 5 5 4 5 7 7 5 6 5 7
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Table 2 5.  D istrib ution  of  s mall m am mal sp ecies  am on g N CCP  s tud y s ites, Fall 19 96.

Site

Sp ecies 

B
L

C
A

B
O

SP

K
A

B
I

L
A

PE

L
IC

A

M
R

R
E

O
R

H
I

PA
V

A

PO
L

O

R
M

V
I

SA
C

A

SA
M

A

ST
R

A

SW
R

I

SY
C

A

SY
H

I

T
PS

P

U
C

R

W
A

PA

Nu mb er of
Po in ts

Nu mb er of
Sites

CH CA + + + + + + + 13 7

CH FA + + + + + + + + + + + + + 73 13 

DI AG + + + + + + + + + + 48 10 

DI ST + + 3 2

MI CA + 1 1

MU MU + + 4 2

NEFU + + + + + + + + 31 8

NELE + + + + + + + + + + + + + + + + + 67 17 

PECA + + + + + + + + + 43 9

PEER + + + + + + + + + + + + + + + + + + 10 3 18 

PEMA + + + + + + + + + + + + + + + 42 15 
REME + + + + + + + + + + + 24 11 

Nu mb er of
Sp ecies 

6 6 7 6 4 7 5 7 6 5 6 5 8 6 3 8 6 5 7
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Table 2 6.  Total n um ber s o f small mammals (n ew cap tu res  on ly ) captur ed at each site dur ing  each  samp lin g p er iod ,
NCCP  pr oject, 1 995 -1 996 .  No te that num ber s are no t adjusted  fo r d if fer ences  in  tr ap pin g eff ort (n um ber  of  s amp le
po in ts)  am on g s ites.

Sp ecies 

Period Site

C
H

C
A

C
H

FA

D
IA

G

D
IS

T

M
IC

A

M
U

M
U

N
E

FU

N
E

L
E

PE
C

A

PE
E

R

PE
L

O

PE
M

A

R
E

M
E

Sp ring 199 5 BLCA 0 2 0 0 0 0 2 1 5 5 0 0 0

LA PE 0 20 23 0 0 0 0 21 0 35 0 54 0

LI CA 0 3 0 0 0 0 9 20 30 12 0 0 0

MRRE 0 4 15 0 0 0 0 31 0 20 0 32 0

PA VA 1 1 9 0 0 0 0 1 12 13 0 0 0

STRA 0 0 0 0 0 0 17 25 18 27 0 0 4

SW RI 0 8 3 0 0 0 1 0 0 5 0 7 11 

WA PA 0 9 4 0 0 0 0 12 3 15 0 11 1

To tal 1 47 54 0 0 0 29 11 1 68 13 2 0 10 4 16 

Fall 19 95 BLCA 0 3 0 0 0 0 1 1 3 11 0 0 0

LA PE 0 60 29 0 0 0 0 18 0 70 0 64 3

LI CA 0 4 0 0 0 0 40 22 61 19 0 0 2

MRRE 0 4 22 0 0 0 0 15 0 17 0 26 0

PA VA 0 0 7 0 0 0 1 0 9 8 0 0 0

STRA 0 0 0 0 2 0 17 31 49 47 0 0 15 

SW RI 0 5 3 0 0 1 0 3 1 49 0 16 12 

SY CA 0 12 10 0 0 0 0 1 0 2 0 6 0

TP SP 0 3 0 0 0 1 13 23 10 0 9 0 8 0

UCR 0 10 6 0 0 0 0 5 0 7 0 3 0

WA PA 0 10 6 0 0 0 0 10 4 13 0 17 0

To tal 0 11 1 83 0 2 2 72 12 9 22 7 25 2 0 14 0 32 
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Table 2 6.  Continu ed .

Sp ecies 

Period Site

C
H

C
A

C
H

FA

D
IA

G

D
IS

T

M
IC

A

M
U

M
U

N
E

FU

N
E

L
E

PE
C

A

PE
E

R

PE
L

O

PE
M

A

R
E

M
E

Sp ring 199 6 BLCA 2 0 0 0 0 0 0 1 2 5 0 0 0

KA BI 0 10 2 0 2 1 0 0 0 6 0 11 1

LA PE 0 45 35 0 0 0 0 14 0 54 1 54 1

LI CA 0 0 0 0 0 0 26 24 66 12 0 0 1

MRRE 0 14 36 0 0 0 0 33 0 39 0 20 2

PA VA 0 2 4 0 0 0 1 0 7 9 0 0 0

PO LO 0 2 0 0 0 0 1 16 3 17 0 0 0

RMVI 0 0 0 0 0 0 6 11 6 7 0 0 1

SA MA 0 0 0 0 0 0 1 0 2 30 0 0 2

STRA 0 0 0 0 0 0 16 36 38 25 0 0 5

SW RI 0 10 1 0 0 0 0 1 2 35 0 11 4

SY CA 0 6 8 2 0 0 0 1 0 1 0 2 1

SY HI 0 0 0 0 0 0 10 32 24 8 0 0 3

TP SP 0 5 0 0 0 0 54 9 56 0 0 2 1

UCR 0 8 7 0 0 0 0 9 0 8 0 11 0

WA PA 0 5 5 0 0 0 3 19 8 19 0 21 0

To tal 2 10 7 98 2 2 1 11 8 20 6 21 4 27 5 1 13 2 22 

Fall 19 96 BLCA 0 10 5 0 0 0 0 4 1 6 0 1 0

BS PE 0 3 8 0 0 0 0 8 0 5 0 15 1

BS PW 0 10 1 0 0 0 0 0 0 10 0 0 0

KA BI 0 8 2 0 0 2 0 1 0 5 0 4 5

LA PE 0 25 14 0 0 0 0 3 0 16 0 6 1

LI CA 0 0 0 0 0 0 6 5 22 10 0 0 0

MRRE 0 12 12 2 0 0 0 6 0 13 0 11 2

ORHI 4 0 0 0 0 0 0 38 0 16 0 1 2

PA VA 1 7 10 0 0 0 0 1 3 11 0 1 0

PO LO 0 3 0 0 0 0 3 12 12 25 0 2 0

RMVI 5 0 0 0 0 0 0 10 9 11 0 0 2

SA CA 1 0 0 0 0 0 2 4 0 24 0 33 13 

SA MA 1 0 0 0 0 0 1 0 0 24 0 4 1

STRA 1 1 0 0 0 0 3 16 9 21 0 1 1

SW RI 0 16 5 0 0 0 0 2 0 8 0 9 3

SY CA 0 4 9 1 0 0 0 0 0 0 0 0 0

SY HI 3 0 0 0 1 0 18 20 26 9 0 4 6

TP SP 0 9 0 0 0 4 31 16 53 10 0 0 0

UCR 0 8 8 0 0 0 0 3 0 3 0 3 0

WA PA 0 7 17 0 0 0 1 11 3 8 0 14 0

To tal 16 12 3 91 3 1 6 65 16 0 13 8 23 5 0 10 9 37 
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SIT E ATT RI BUT ES

Si tes diff er ed consi der abl y wit h respect to the number of vertebrate speci es they supported,  and, at 
least for bi rds, they also vari ed consi der ably bet ween spr ing and fall sur veys (Fi gs. 14, 15).
Considering sim ply the tot al  number of speci es det ected at  a si te (T abl es 27, 28),  ther e was a clear 
association bet ween sit e richness during a sample period and the num ber  of  points at  a sit e (which
roughly corr esponds to sit e area).   Such rel ati onshi ps bet ween sam pl ing ef fort and species richness
comm onl y occur,  but tel l us lit tle about com munity patt erns or com posit ion, other than that bigger 
si tes have more species (Got ell i and Gr aves 1996).   To avoid this pr obl em,  we descri bed si te
ri chness as the aver age number of speci es seen per  point, which is independent of the number  of 
points at a sit e ( i. e.,  si te ar ea) .
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co des.
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In ever y sam pli ng period and for bot h major taxa, average speci es ri chness per poi nt  varied
si gnifi cantl y among sit es (ANOVA, al l P < 0. 05) .  However,  appl ying post hoc tests (Duncan s
mult ipl e range test;  Zar 1984) to see which sit es di ffered from  ot hers was general ly uninf or mat ive;
aver age ri chness graded relatively smoothl y from one si te to the next ( Figs.  14, 15) , and thus no si te
or  group of sit es was completel y ( or  consi st ent ly)  dist inct from any ot her  site or  group.

Avian species richness at a poi nt was signif icantl y cor rel at ed acr oss sample periods (T abl e 29) .
Thus, points wi th relat ively hi gh numbers of  bi rd speci es detected duri ng one peri od were li kel y to
have relat ively hi gh numbers of  bi rd speci es during any of  the other  periods.  Thi s was less tr ue for
sm al l mamm al s.  For exampl e,  al though the number of species per  point detect ed in spring 1995
was signif icant ly correlat ed wi th the number  detected in spr ing 1996, it was not so wit h eit her  fall 
sample (Tabl e 29).   However,  there was a signif icant  correlation bet ween mam mal  ri chness at a
point in spr ing 1996 and bot h fall  peri ods. Not e also that  the cor relat ion coef ficients for mam mal s
ar e all  posi tive and of  si mi lar  magnitude to those of birds,  which suggest s that the lack of  st ati st ical
si gnifi cance is most  li kel y a f uncti on of sm all er maxim um mammal r ichness. 

At  the sit e level,  patt erns of cor relat ion were somewhat weaker , even when we changed alpha to
0. 10 to compensate for the much sm al ler  sample sizes (T abl e 29) .  Thus,  al though sit es wit h
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relatively high ri chness of bir ds or  sm all  mamm als (as measured by the average num ber of species
per poi nt)  in one period wer e somewhat mor e likely to have relativel y high richness in another
peri od,  this was sli ght ly less consi stent than for  points.   For  bi rds, average richness of  a si te in any
part icular  spri ng sampl e was si gni fi cantly corr elated with richness in the other spr ing samples, and
li kewise the fall sampl es were int er cor rel at ed.   F ur thermore, high bird ri chness in a spri ng sampl e
was associ at ed wit h high richness in the subsequent fal l, but a fall  was not  necessaril y cor rel ated
wi th the spr ing foll owi ng.   Mam mal s dif fer ed in that  ri chness in fal l 1996 was not  corr elated with
ri chness in any of  the other  sampl ing peri ods.  We note that  al l cor rel ati ons, whether stati sti cal ly
si gnifi cant or not , had posi tive signs. 

Cr oss-corr el ati ons between bird and small mammal richness were poor (Table 29).   None were
si gnifi cant at the point-l evel,  and onl y one of  20 at the si te level  (about that expect ed by chance
al one).   T hus, bir d and sm al l mamm al  ri chness did not covary at  ei ther the site or  point level,  and
one was a poor predi ctor of the ot her.  Fr om  a management perspect ive this impl ies that 
conservati on of  si tes associ ated wit h, say, high avi an biodi ver sit y wil l not  necessaril y preser ve hi gh
mamm al biodi ver sit y.   We elabor ate upon this theme in more detail in one of the manuscr ipt s we
have at tached, Si ngle speci es as indicators of  species ri chness and composi tion in Cal ifornia
coastal  sage scrub bird and small mammal com muniti es,  aut hored by Chase et al. , whi ch is in pr ess
in t he journal Conservati on Bi ology.
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Table 2 7.  Bird  sp ecies  rich nes s at NCCP s ites, 19 95  — 199 7.  Entr ies are nu mber o f points , mean r ichness per p oin t, an d s tandard er ror  of  the mean.

Sp ring 199 5 Fall 19 95 Sp ring 199 6 Fall 19 96 Sp ring 199 7
Site

N Mean SE N Mean SE N Mean SE N Mean SE N Mean SE

BLCA 5 9.4 0.24 10 4.3 0.68 5 11 .8 0.58 4 2.8 0.63 5 14 .0 0.71 

BO SP - - - - - - 9 12 .4 0.87 9 4.2 0.49 9 13 .3 0.97 

CH VI 5 - - - - - 8 14 .5 0.73 8 6.4 0.26 8 13 .4 0.53 

DA CA - 12 .2 0.73 - - - - - - 3 1.7 0.33 5 10 .4 0.93 

KA BI - - - - - - 10 10 .7 0.72 8 2.1 0.30 10 11 .6 0.90 

LA PE 20 10 .9 0.61 20 7.7 0.47 21 12 .6 0.53 23 3.7 0.32 23 13 .3 0.53 

LA SK - - - - - - 10 12 .2 0.92 3 1.3 0.33 10 13 .4 1.31 

LI CA 20 12 .5 0.49 20 8.1 0.77 20 14 .0 0.50 23 4.0 0.51 24 17 .6 0.69 

MRRE 10 12 .2 0.96 10 8.6 0.67 10 11 .2 0.57 10 6.2 0.79 10 14 .4 0.54 

ORHI - - - - - - 6 12 .0 0.73 5 4.8 0.58 6 12 .5 1.43 

PA VA 7 12 .3 0.99 7 7.1 1.28 7 13 .4 0.92 7 4.6 0.57 10 14 .3 1.16 

PO LO - - - - - - 10 9.5 0.34 10 5.4 0.40 10 10 .1 0.59 

RMVI - - - - - - 10 13 .2 1.00 10 2.3 0.40 10 17 .4 0.67 

SA CA - - - - - - 6 14 .7 0.68 6 8.7 1.23 6 16 .7 0.61 

SA MA - - - - - - 5 14 .0 1.14 5 8.6 1.33 5 18 .2 1.77 

STRA 20 12 .3 0.59 20 8.6 0.87 21 13 .2 0.46 21 6.0 0.38 21 17 .0 0.66 

SW RI 15 13 .4 0.55 15 8.5 0.52 20 11 .8 0.59 23 5.8 0.51 24 14 .1 0.54 

SY CA 6 10 .3 0.80 6 7.0 1.00 6 12 .0 1.06 6 4.5 0.50 6 9.2 0.54 

SY HI - - - - - - 10 14 .1 0.64 10 7.0 0.60 10 14 .9 0.66 

TP SP - - - - - - 8 10 .3 1.16 8 6.3 1.15 9 13 .1 1.30 

UCR 5 8.2 0.66 5 6.0 0.84 5 10 .4 0.51 5 4.2 0.58 5 9.8 1.43 
WA PA 12 11 .3 0.58 12 8.6 0.68 12 12 .4 0.75 - - - 12 15 .3 0.80 

To tal 12 5 11 .3 0.57 12 5 7.8 0.27 21 9 12 .1 0.17 20 7 4.9 0.17 23 8 14 .3 0.23 
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Table 2 8.  Mamm al sp ecies richn ess  at N CCP  s ites, 19 95 — 1 99 7.  En tr ies  ar e num ber  o f p oin ts , m ean  r ich nes s, an d s tandard
er ro r o f the mean.

Sp ring 199 5 Fall 19 95 Sp ring 199 6 Fall 19 96
Site

N Mean SE N Mean SE N Mean SE N Mean SE

BLCA 5 2.2 0.49 5 1.8 0.49 5 1.6 0.24 5 3.4 0.75 

BO SP - - - - - - - - - 9 3.0 0.44 

KA BI - - - - - - 10 2.1 0.31 10 2.3 0.42 

LA PE 20 3.1 0.19 20 3.8 0.20 20 3.6 0.22 10 3.1 0.38 

LI CA 9 2.9 0.42 20 2.7 0.32 18 2.4 0.26 10 2.1 0.38 

MRRE 10 3.6 0.16 10 3.6 0.22 10 4.8 0.20 10 3.8 0.25 

ORHI - - - - - - - - - 6 2.7 0.49 

PA VA 5 3.0 0.00 5 3.0 0.32 5 2.4 0.40 5 4.0 0.45 

PO LO - - - - - - 10 2.0 0.21 10 2.5 0.54 

RMVI - - - - - - 9 2.0 0.29 9 2.7 0.17 

SA CA - - - - - - - - - 6 2.3 0.21 

SA MA - - - - - - 5 1.6 0.24 5 2.0 0.32 

STRA 10 3.2 0.20 20 3.1 0.22 20 2.4 0.22 12 2.3 0.26 

SW RI 9 2.2 0.28 15 2.5 0.36 15 2.2 0.28 14 2.0 0.18 

SY CA - - - 5 2.8 0.58 5 2.8 0.49 5 1.4 0.24 

SY HI - - - - - - 10 3.0 0.21 10 3.5 0.31 

TP SP - - - 10 3.1 0.55 12 2.9 0.19 12 3.4 0.31 

UCR - - - 5 3.0 0.63 4 4.0 0.58 5 2.6 0.60 
WA PA 10 2.6 0.37 10 3.0 0.21 10 3.7 0.47 10 3.4 0.43 

To tal 78 2.9 0.11 12 5 3.0 0.11 16 8 2.8 0.09 16 3 2.8 0.10 
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Tabl e 29.  P att erns of cor relat ions of speci es richness (num ber  of  species detected at a poi nt)  wi thin and between major
taxa.  Cor relat ions based on point s are above the di agonal , cor rel at ions based on si tes (m ean number  of  species detected at
points)  ar e bel ow.   Sam ple sizes i n par ent heses. * denotes P  < 0.05,  ** denotes P < 0.01, *** denotes P  < 0. 001.  + denotes
P < 0.10 ( for sites onl y). 

Bi rds Mamm als

Taxon Spri ng
1995

Fall 
1995

Spri ng
1996

Fall 
1996

Spri ng
1997

Spri ng
1995

Fall 
1995

Spri ng
1996

Fall 
1996

Bi rds
Spri ng
1995 -

0. 26**
(125)

0. 31**
(107)

0. 22*
(109)

0. 22**
(124)

0. 17
(78) 

-0.09
(115)

-0.03
(109)

0. 06
(86) 

Fall 
1995

0. 77**
(10) -

0. 21*
(107)

0. 21*
(109)

0. 34***
(124)

0. 07
(78) 

0. 03
(115)

0. 07
(109)

0. 07
(86) 

Spri ng
1996

0. 58+

(10) 
0. 34
(10) -

0. 16*
(192)

0. 44***
(215)

-0.11
(67) 

-0.03
(108)

0. 02
(154)

-0.01
(151)

Fall 
1996

0. 35
(10) 

0. 79*
(9)

0. 35
(20) 

-
0. 14*
(206)

0. 24
(66) 

0. 06
(109)

0. 02
(150)

0. 02
(145)

Spri ng
1997

0. 55+

(11) 
0. 46
(10) 

0. 71***
(21) 

0. 38+

(21) -
0. 04
(78) 

-0.27**
(121)

-0.09
(164)

0. 03
(159)

Mamm als
Spri ng
1995

0. 24
(8)

0. 47
(8)

0. 14
(8)

0. 44
(7)

0. 19
(8)

-
0. 20
(78) 

0. 36**
(74) 

0. 21
(60) 

Fall 
1995

0. 17
(10) 

0. 59+

(10) 
-0.04
(11) 

0. 40
(10) 

-0.03
(11) 

0. 82*
(8)

-
0. 33***

(119)
0. 13
(96) 

Spri ng
1996

-0.17
(10) 

0. 35
(10) 

-0.21
(16) 

0. 11
(16) 

-0.24
(16) 

0. 68+

(8)
0. 76**

(11) -
0. 31***

(140)

Fall 
1996

-0.01
(10) 

-0.12
(10) 

-0.07
(19) 

-0.07
(18) 

0. 07
(19) 

0. 29
(8)

0. 24
(11) 

0. 40
(16) -
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COM MUNIT Y PAT TE RNS 

We appl ied Detr ended Correspondence Analysis to each sampl ing peri od separ at ely for bir ds and
mamm als, to descri be gener al  patterns of com munity composi ti on and vari ati on (T abl e 30) .
Patt erns wer e generally st ronger (i. e.,  hi gher eigenval ues) in small  mammals than in bi rds, and
st ronger in bir ds in fall than in spring.  Higher ei genval ues indi cate that species are somewhat mor e
di st inctly spaced wi th mor e distinct  modes (i.e., peaks) in their di str ibuti on along or dinat ion axes.
To some degr ee thi s represents the fact  that  there were si mply fewer  speci es in the mam mal  and the
fall  bi rd data set s.   I n the more speci ose spri ng bi rd sam pl es,  species were more br oadly di str ibuted
and mor e widely over lapping in their  occur rences, yi elding a somewhat poor er  fi t (lower 
ei genvalue) to the basi c DCA model  (whi ch assum es unimodal  species dist ribut ions along
envi ronmental gradients).

In birds, the lengths of the axes (except for fall  1996) wer e relati vel y short (Tabl e 30),  agai n
im pl ying that many species were br oadly over lapping in their  di str ibuti ons.  In sm al l mamm al s,
however , the gr adi ents wer e longer ; that they appr oached or exceeded 4 suggests that  speci es
turnover bet ween sam ples at opposi te ends of  the axi s was compl ete.  No point samples of bir ds
were as di st inct.

Table 3 0.  Resu lts  o f D etr en ded  Co rr esp ond en ce Analy sis  of  b ird s and  sm all m amm als , NCCP s ur vey  sites, 199 5- 
19 97 .

Axis 1 Axis 2 Axis 3
Taxon Sample

Eigenvalue Length Eigenvalue Length Eigenvalue Length
Birds Spring

  1995
0.20 2.07 0.13 1.85 0.10 1.75

Fall
  1995

0.31 2.77 0.17 2.25 0.14 2.26

Spring
  1996

0.18 2.02 0.10 1.60 0.09 1.80

Fall
  1996 0.35 5.07 0.28 6.23 0.21 4.36

Spring
  1997

0.20 2.22 0.10 1.77 0.09 1.87

Mammals Spring
  1995

0.50 3.94 0.33 2.81 0.16 2.56

Fall
  1995

0.56 3.86 0.24 0.58 0.17 2.53

Spring
  1996

0.60 4.84 0.30 2.12 0.18 3.46

Fall
  1996

0.54 4.41 0.37 4.22 0.20 3.72
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Al though pat ter ns in bi rd communit ies may have appeared weak, they were quit e consistent among
sample per iods,  at  l east wit h r espect t o the fi rst  DCA axi s (Table 31).   Bot h species scor es and poi nt
scor es wer e highly corr elated across sampl ing peri ods, implying that  speci es and poi nt rel at ionshi ps
remained sim ilar, even though t he or dinati ons were not par ti cul arl y str ong.  Al l t hr ee spr ing samples
were quite similar  t o one another,  and to fall 1996.   F all  1997 was som ewhat  less si mil ar to the other
four , but st ill  si gnifi cantl y related.  However , the or dinat ions produced by second DCA axes were
much less consi stent  and, except for  spring 1996 and spring 1997, were not  signifi cant.   Not e that 
the di recti onalit y  of  a DCA axis (especi al ly aft er  the fir st)  is arbi trary, so it is the absolut e val ue, 
rather than the si gn, of t he correlation t hat i s m eaningful. 

Table 3 1.  Corr elations  am on g b ird -b ased D CA  scores for  sp ecies  an d for 
po in ts, NCCP  su rveys , 1 995 -1 997 .  Co rrelatio ns for  D CA 1 abo ve the
diag onal; co rrelatio ns for  D CA 2 b elow.  ***  denotes  P < 0 .0 01, **  d eno tes 
P < 0.0 1, * den otes P < 0.05 .

Sp ecies  Scor es

Sp ring
19 95 

Fall
19 95 

Sp ring
19 96 

Fall
19 96 

Sp ring
19 97 

Sp ring
  19 95

-
0.84 *** 

(2 8) 
0.83 *** 

(3 6) 
0.35 
(3 1) 

0.83 *** 
(3 6) 

Fall
  19 95

-.04 
(2 8) 

-
0.86 *** 

(3 0) 
0.58 **

(2 9) 
0.87 *** 

(3 0) 

Sp ring
  19 96

-0 .1 6
(3 6) 

0.17 
(3 0) 

-
0.50 **

(3 5) 
0.86 *** 

(4 0) 

Fall
  19 96

-0 .0 8
(3 1) 

-0 .1 7
(2 9) 

0.33 
(3 5) 

-
0.53 **

(3 5) 

Sp ring
  19 97

0.19 
(3 6) 

-0 .3 7*
(3 0) 

0.57 *** 
(4 0) 

-0 .1 0
(3 5) 

-

Po in t S cor es 

Sp ring
19 95 

Fall
19 95 

Sp ring
19 96 

Fall
19 96 

Sp ring
19 97 

Sp ring
  19 95

-
0.77 *** 

(1 25 )
0.83 *** 

(1 07 )
0.70 *** 

(1 09 )
0.80 *** 

(1 24 )

Fall
  19 95

-0 .0 8
(1 25 )

-
0.83 *** 

(1 07 )
0.71 *** 

(1 09 )
0.84 *** 

(1 24 )

Sp ring
  19 96

-0 .1 8
(1 07 )

-0 .0 4
(1 07 )

-
0.63 *** 

(1 07 )
0.84 *** 

(2 15 )

Fall
  19 96

0.03 
(1 09 )

-0 .0 9
(1 09 )

-0 .0 4
(1 07 )

-
0.68 *** 

(2 05 )

Sp ring
  19 97

0.16 
(1 24 )

-0 .1 5
(1 24 )

0.38 *** 
(2 15 )

-0 .0 7
(2 05 )

-
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Relationships among species of small  mammals, as descri bed by DCA,  were al so hi ghl y consistent
across sam pl e peri ods (Table 32).  Unli ke bi rds, however, the second DCA axes of each mamm al 
or di nat ion also yi el ded si mi lar  species  scores (all  si gni fi cant when alpha is adj usted to 0.10 for the
sm al l sample si ze) .  Al though point scores were uncorrelat ed for second axes, they were hi ghly
corr elated f or fir st  axes. 

Rather than present mor e det ail ed resul ts
of  each of  the DCAs for  each taxon for
each ti me period, because of  the rel ati vel y
consist ent  among-sam ples pat ter ns
(especi all y for  fi rst DCA axes)  we
selected thr ee:   f al l 1996 and spr ing 1997
bi rds, and fall  1996 mammals.  These
were chosen based on their  general 
repr esentati veness (i.e., correlat ions in
Tabl es 31 and 32) and thei r lar ge sampl e
si zes, whi ch were inclusive of most sit es
we surveyed. 

In fall  bi rds, thr ee loose groups of  speci es
appeared, and Orange-cr owned Warbl er s
were di sti nct from  all other s (Fig. 16) .
However , no distinguishing char act er ist ics
of  members within these loose groups
(other than that they shar ed patterns of co- 
occurrence) wer e apparent.   In spr ing, the
species pr eviously identif ied as
char act eri st ic (Cali for nia Towhee, 
Wr entit , S potted T owhee, Bewick s Wr en, 
and House Fi nch) appear ed in the center 
of  the ordinati on,  intermi ngled wi th ot her 
species that  shared an overall sim il ar
di st ributi onal pat tern,  but sim ply at
reduced inci dence of  occur rence.  Thus
species such as Gr asshopper Sparrow, 
Comm on Busht it,  Anna s Hum mi ngbird,
Cali for nia Thrasher,  Lesser Gol dfi nch,
Whit e-crowned Spar row, Com mon

Raven, Cal if ornia Quail , Blue-gray Gnat cat cher,  Mour ning Dove, Costa s Hum mi ngbird, and
Rufous- crowned Sparr ow may also be considered char acter ist ic of  our sam ples.   T hat  species such
as Sage Spar row and Cal ifornia Gnatcatcher , two well -known CSS- associat ed speci es,  were
somewhat per ipheral in their  appearance in the ordinati on di agr am li kel y ref lects the dist ri but ion of
our sam pli ng point s wit h respect to their habit at af finiti es, and not necessari ly an overall  reduced
inci dence of  occur rence regi on- wide. 

Table 3 2.  Corr elations  am on g m amm al-based  D CA sco res f or
sp ecies  an d for  po in ts, NCCP  su rveys , 1 995 -1 997 .  Co rrelatio ns
fo r DCA  1 ab ove th e diagon al; corr elations  f or DCA  2  below .
** * den otes P < 0.00 1, ** denotes P < 0 .01 , * d eno tes P  < 0.05.
Fo r small- sample tes ts, + d en otes P  < 0.10.

Sp ecies  Scor es

Sp ring
19 95 

Fall
19 95 

Sp ring
19 96 

Fall
19 96 

Sp ring
  19 95

-
0.97 *** 

(8 )
0.89 **

(8 )
0.94 *** 

(8 )

Fall
  19 95

0.69 +

(8 )
-

0.93 *** 
(8 )

0.91 **
(8 )

Sp ring
  19 96

0.64 +

(8 )
0.93 *** 

(8 )
-

0.96 *** 
(8 )

Fall
  19 96

0.70 +

(8 )
0.64 +

(8 )
0.67 +

(8 )
-

Po in t S cor es 

Sp ring
19 95 

Fall
19 95 

Sp ring
19 96 

Fall
19 96 

Sp ring
  19 95

-
0.83 *** 

(7 6) 
0.71 *** 

(7 4) 
0.61 *** 

(6 0) 

Fall
  19 95

0.14 
(7 6) 

-
0.81 *** 

(1 18 )
0.78 *** 

(9 5) 

Sp ring
  19 96

-0 .0 9
(7 4) 

0.17 
(1 18 )

-
0.76 *** 

(1 39 )

Fall
  19 96

0.22 
(6 0) 

0.05 
(9 5) 

0.06 
(1 39 )

-
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Birds - Fall 1996
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As with bi rds, the most  comm onl y-
detected small mam mal species,
cact us mouse and San Di ego woodrat 
(P EE R and NE LE) , occupi ed the
cent er of the mamm al  or dinat ion
di agram  (F ig. 17).   Otherwise, speci es
were somewhat unif or mly and widely
di spersed,  consist ent with the
relatively high ei genvalues associ at ed
wi th this DCA.

The ordinati on of si tes based on the
fall  bi rd speci es revealed that  the
nort heastern-most si tes, in Riverside
County,  host ed an avian comm uni ty
somewhat distinct fr om the other sit es dur ing that  peri od (F ig.  18).   Although they contai ned
Comm on Busht its, Cal iforni a Towhees,  and House Finches in common wit h many of the ot her 
si tes, they also contai ned those species lyi ng to the right of those three (DCA axis 1 > 2.5) in the
species or di nat ion diagram  ( Fig. 16) , which wer e i nf requent at the other sit es. 
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That  avian comm uni ty di sti nctness in the fal l had a geographical com ponent  was readi ly appar ent 
when DCA axi s 1 was contoured onto a map of the si tes ( Fig. 19) .  It  was also apparent that most of
the separati on was due to the first DCA axis, as a cont our  map of DCA axis 2 only served to
hi ghlight those wi dely scatt ered sit es wit h the extr eme scor es on that axi s (Fi g. 20).

The sam e Riverside County si tes al so appeared
to the right  of  the mean in the spri ng bir d- based
or di nat ion, alt hough somewhat less dist inctl y
separat ed than in fall (Fi g.  18).  Diagnosti c
species were Canyon and Rock wr ens, Wester n
Meadowl arks,  and Sage Spar rows,  the lat ter 
three of whi ch also hel ped dist ingui sh the fall 
samples (F ig. 16).   As bef or e, the ordi nat ion was
geographical ly disti nct  for the fi rst DCA axis
(F ig. 21),  but not  t he second ( Fig. 22) .

Means of sit e scor es, however, can hide a
substantial amount  of within-si te variation (Fi g.
23).   L ake Skinner , for  exam ple, had a standard
devi ati on on fall DCA 1 that  encom passed all 
ot her site m eans, im plying considerable point-t o-
point vari at ion in avian species com positi on at 
this si te.   Tor rey Pines was al so quite vari abl e,
wi th comparatively large standard deviations
al ong both fall  DCA axes.  Although sit es were
st il l vari able for  spri ng sampl es,  the standard
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devi ati ons were substantiall y smal ler than in
fall .  We think the dif fer ences ar e due to the
pr esence of mor e indivi duals (i ncomi ng
fall /wi nter migrants and disper sing young- of -
the- year that were locally produced)  more
br oadly scat ter ed and, per haps,  less cl osely ti ed
to site-specifi c det ail s of local veget ati on and
landscape st ructur e when not  br eeding.
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The mam mal  ordi nat ion produced
one ver y tight clust er of si tes, wit h
the rem ainder scat tered throughout 
the ordinati on space (F ig.  24).   I n
addi tion to the regi onally comm on
species (cactus mi ce and San Di ego
woodrat s),  these sit es wer e also
char act eri zed by San Di ego pocket
mi ce and Pacifi c kangar oo rats (Fi g. 
17).   T his ordi nat ion also cont ained
a st rong geographi cal component , in
that  al l inl and si tes (regar dless of 
nort h-sout h ori ent at ion) had mean
scor es on DCA axis 1 < 2.0,
wher eas al l coastal ones had scores
> 2. 0 ( Fig. 25) .  This also implies that S an Di ego pocket mi ce,  Paci fic kangaroo rat s, deer mice, and
west ern harvest  mi ce (whose scores on axis 1 ar e < 2; F ig.  17) are prim ari ly inland species,  whereas
Cali for nia mice and dusky- footed woodrats ar e mainly coast al  ones.   DCA 2 al so had a st rong east-
west  separ at ion at  2.0,  but wit h an inl and bulge that incorporated Kabi an Park and Sant a Mar gar ita
(KABI and SAMA;  Fi g.  26).

As for bir ds, site mean or di nat ion scor es based on smal l mam mal s also concealed a subst ant ial
am ount of wi thi n-sit e vari at ion (F ig. 27).   However,  exami nation of thi s var iat ion served to
reinfor ce the dist inctness between the inl and and coast al si tes, as it was apparent that standard
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devi ati ons of the two groups
over lapped litt le.   It was also
apparent that Sycamore Canyon
(S YCA) was yet even mor e
di st inct among the i nland si tes.

Comm uni ty or dinati ons were
si mi lar  for bot h bir ds and smal l
mamm als; the scores of the first
axis gener at ed from bir d-based
DCA wer e signif icant ly
corr elated with scor es of the first
axis obtai ned from  mamm al- 
based DCA for the four seasons
in which the two taxa were co-
sampled (T able 33) .  Thus the
major gradient in speci es change for  bi rds in each sampling per iod was par al lel ed by changes for
mamm als.  This ref lects the maj or gr adi ent  in vegetation and landscape str uctur e and composi tion
that  under li es speci es   di st ributi onal pat terns in this syst em,  which will  be developed in greater 
detail bel ow.

Table 3 3.  Pattern s of inter cor relation s amo ng bir d- bas ed an d m amm al-based  D CA sco res f or po ints, NCCP
su rv eys , 1 99 5-1 996 .  DCAs based  on  p res ence/abs ence.

Seas on
Nu mb er of co -
Samp led  po in ts

Bird  DCA 1 
Mamm al DCA  1 

Bird  DCA 2 
Mamm al DCA  2 

Bird  DCA 1 
Mamm al DCA  2 

Bird  DCA 2 
Mamm al DCA  1 

Sp ring 199 5   78 -0 .4 9** * -0 .2 1       - 0.4 1* **      0.33* *

Fall 19 95 11 3 -0 .6 4** * -0 .1 6 -0 .1 3 -0 .0 9

Sp ring 199 6 15 4 -0 .7 2** * -0 .0 1   0.08 -0 .0 9

Fall 19 96 14 4 -0 .4 3** *  0 .1 4     -0.24* *    0 .20 *
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TE MP ORAL VARIAT ION

ANNUAL CHANGES IN ABUNDANCE

Several  species underwent st ati sti cally
detectable changes in thei r abundance (as
indi cat ed by the num ber  of  points occupied)
between sampling per iods (Tables 34,  35).
Between spri ng 1995 and spri ng 1996,  si x
bi rd speci es increased whi le two decreased,
wher eas between spri ng 1996 and spri ng
1997, 10 increased and seven decreased
(T able 34) .  Norther n Flickers,  Rufous- 
cr owned Spar rows, and Whit e- crowned
Spar rows i ncreased i n both spri ngs, whereas
no species decr eased in both.  A spr ing
decr ease in Sage Sparrows in the fir st
compari son was fol lowed by an incr ease in
the second, and the reverse (increase
foll owed by decrease) was tr ue for 
Comm on Yel lowthroats and Com mon
Bushtit s.  No species appear ed to be in
consist ent  decl ine throughout our relat ively
shor t span of sampli ng,  which in any event 
was not  desi gned to det ect  long-term  tr ends
in populat ion abundance.

Compared to bir ds,  mamm als vari ed much
less between sampl es (T abl e 35) .  One
species incr eased and one decreased
si gnifi cantl y duri ng the i nt erval between fall
1996 and fal l 1997, whereas a thir d
incr eased between the two spring sam pli ng
peri ods.  This increase was sandwi ched
ar ound a decrease in the i nt erveni ng fall. 

Table 3 4.  Sign ificant chang es in bird species detectio ns
betw een  samp lin g p er iod s.  + denotes  in creas e f rom  f irs t to
seco nd per io d; - d en otes d ecrease.  Com par is ons  made us ing 
ch i- squ are test of  p res ence/abs ence at points in each p eriod .  N
= nu mber o f points  in comm on  acros s sam pling  perio ds 
co mp ared.  Blan ks denote n o sig nif icant ch an ge; * denotes P <
0.05 ; * * d en otes P  < 0.01; * ** den otes P < 0 .00 1.

Co mp arison 

Sp ring
19 95 -19 96

Sp ring
19 96 -19 97

Fall
19 95 -19 96Sp ecies 

(N  = 10 7) (N  = 21 5) (N  = 10 9)

AN HU 

BCSP - ** 

BEWR + *  -  * *

BG GN 

BH GR

CA CW - *

CA GN 

CA LT + *

CA NW 

CA QU + * - *

CA TH 

CO BU + ** * - ** *    -  ** *

CO HU - ** *

CO YE + ** * - *

HO FI + ** *    -  ** *

LA ZB - ** *

LEGO + ** *    -  ** *

MO DO 

NO FL + * + **    -  ** *

NO MO    -  ** *

OCWA + *

PH AI - ** 

RCKI 

RCSP + ** * + *

RO WR - **  -  * *

SA GS - * + ** 

SCJA 

SO SP 

SP TO - *    -  ** *

WCSP + * + ** *

WEME - * - *

WREN - *

YRWA + ***
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Table 3 5.  Sign ificant chang es in mammal s pecies d etection s between sam pling  perio ds .  +
deno tes  in cr eas e f ro m f irs t to secon d p eriod ; -  deno tes  decr eas e.  Comp ariso ns mad e using ch i-
sq uare tes t of presence/ab sence at p oin ts in  each perio d.  N = num ber o f p oints  in  comm on
acro ss sam pling  periods  co mp ared.  Blan ks denote n o sig nif icant ch an ge; * denotes P < 0 .05 ;
** * den otes P < 0.00 1.

Co mp arison 

Fall 19 95- 19 96
Sp ring 199 5- 

19 96 
Sp ring 199 5- 

Fall 19 95
Fall 19 95- 

Sp ring 199 6
Sp ring 199 6- 

Fall 19 96
Sp ecies 

(N  = 96 ) (N  = 74 ) (N  = 78 ) (N  = 11 9) (N  = 14 0)

CH FA + ** *

DI AG 

NEFU 

NELE

PECA 

PEER + ** * - *

PEMA - *

REME

CONCORDANCE  OF SPE CI ES DIS TRIBUTIONS  AMONG YEARS 

Species vari ed consi der abl y in the concordance of their  di st ributi on am ong points between sampl ing
peri ods (T ables 36, 37) .  Bi rds were parti cular ly variable, displayi ng bot h the hi ghest  (Wrenti t near
0. 9)  and l owest  concordances (m any species around 0. 0) obser ved (T able 36) .

Table 3 6.  Concord an ce in bird species dis tr ibu tio ns  between  samplin g p eriod s.  Co mp arison s mad e u sing point-
biserial cor relation  of  pr es ence/abs ence at points  in each  p eriod.  N = nu mb er of po ints in com mon  acro ss sampling 
periods  co mp ared.  * denotes  P < 0 .0 5; ** denotes P < 0 .01 ; ***  deno tes  P < 0.0 01.  Und er As ymm etr y, 00  deno tes 
>8 0% of  ob servatio ns  in  cell 0,0; ++ denotes  > 80% o f o bserv ations  in cell 1 ,1 (see Fig . 1 3) ; + deno tes  in cr eas e f ro m
firs t to s econd  period; - denotes decrease ( Tab le 34 ).

Co mp arison 

Sp ecies 
Sp ring

19 95 -19 96
(N  = 10 7)

Sp ring
19 96 -19 97
(N  = 21 5)

Fall
19 95 -19 96
(N  = 10 9)

Co rr elatio n As ym metry Co rr elatio n As ym metry Co rr elatio n As ym metry

AN HU       0 .16 7    0 .32 0** *  0 .2 27* 

BCSP 0.46 4** *    0 .63 5** * - -

BEWR       0 .31 1* *    0 .31 0** * +        -0.06 6 -

BG GN       0 .08 5 00         0.12 4 00   0.303 **

BH GR      -0 .00 3 00    0 .33 8** * 00 -

CA CW 0.66 2** *    0 .73 8** *        -0.02 5 00 , -

CA GN 0.57 2** * 00    0 .29 5** *         0.12 1 00 

CA LT      -0 .05 5 ++, +         0.14 7* ++  0 .0 84* 
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Table 3 6.  Continu ed .

Co mp arison 

Sp ecies 
Sp ring

19 95 -19 96
(N  = 10 7)

Sp ring
19 96 -19 97
(N  = 21 5)

Fall
19 95 -19 96
(N  = 10 9)

Co rr elatio n As ym metry Co rr elatio n As ym metry Co rr elatio n As ym metry

CA NW 0.32 5** *    0 .37 3** * 00 -

CA QU       0 .16 2    0 .26 0** * + 0.15 7 -

CA TH 0.32 7** *    0 .38 8** * 0.09 9

CO BU       0 .18 6 +         0.14 4* - 0.15 9 -

CO HU       0 .20 0*         0.00 6 - -

CO YE 0.36 6** * 00 , -    0 .46 8** * - -

HO FI       0 .25 2* *    0 .30 4** * +  0 .2 45* -

LA ZB        0.2 62 ** -    0 .28 2** * 00 -

LEGO        0.3 08 **   0.215 ** +  0 .1 98* -

MO DO        0.1 02    0 .27 9** * -

NO FL        0.0 31 00 , +         0.11 3 + 0.11 1 -

NO MO        0.2 13 *    0 .45 4** * 0.18 6 -

OCWA        0.1 53 00    0 .38 5** * + -

PH AI        0.1 84 00 , -         0.07 4 00 -

RCKI - -         0.12 6

RCSP        0.2 78 ** +    0 .30 3** * +         0.12 8

RO WR        0.0 93 00    0 .48 6** * 00 , -    0 .36 8** * -

SA GS    0 .59 1** * -    0 .66 7** * +        -0.04 4

SCJA        0.3 48 **    0 .25 2** *     0.4 37* ** 

SO SP        0.2 95 **    0 .37 8** * -

SP TO    0 .55 2** *    0 .52 3** * -        -0.00 9 -

WCSP       - 0.0 98 -   0.184 ** +        -0.23 9*

WEME    0 .46 6** *    0 .61 3** * - 0.20 9* 00 , -

WREN    0 .88 5** *    0 .87 2** *    0 .71 6** * -

YRWA -       - 0.0 23 +    0 .67 0** *

Ei ghteen bir d species were signifi cantl y concor dant in their  di str ibuti onal pat ter ns during bot h
spri ng com parisons (1995-1996, 1996- 1997),  wher eas ten wer e concor dant in one or the ot her , but 
not bot h.  L ow concordance can occur  for a vari ety of reasons, such as true shi fts in dist ri but ion
am ong points, but al so can be an art ifact of  ei ther low or  high over all  abundance,  or of changes in
abundance am ong sampling per iods.  Of the ten species not concordant  in one or the other season,
concordance in thr ee speci es was likely reduced because of  relative rar eness, reduced in one
because it  was ver y com mon, and reduced in anot her  four  because of  signifi cant int er -sampl e
changes in abundance (T abl e 34) .  Northern Flicker s and Bl ue-gr ay Gnatcatchers wer e never
concordant  in consecuti ve spring sam ples.  Concordances were hi ghl y cor rel at ed acr oss the two
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spri ng com parisons (r = 0. 76, N = 30, P < 0. 001), al though neit her  set of spring concor dances was
corr elated with the fal l set  (r  = 0. 28,  0. 24, r espectively; N = 21; P > 0. 05).

A sm all er pr oporti on of  bi rds were signifi cantl y concor dant acr oss t he two f all  sampling per iods ( 11
of  23 test ed; Tabl e 36) .  Of  the 12 that lacked concordance,  four (Cali for ni a Thrasher,  Rufous- 
cr owned Spar row, Ruby-crowned Kinglet, and Sage Spar row) wer e not associat ed wi th si gni ficant
asym met ry due t o any detectable cause.

Consist ent  with the lower vagil ity of mamm al s compar ed to bi rds, mam mal s wer e signif icantl y
concordant  in almost  al l com par isons exami ned (Table 37).  West ern harvest  mice had two non- 
si gnifi cant concor dances, the patt er n of whi ch suggested that the change in distri bution that
pr oduced the deviance occurr ed in spring 1996, and m ay have been associ ated wit h low numbers of 
occupied poi nts (m or e than 80% of point s lacked harvest  mi ce).  San Diego pocket mice had one
inst ance of non-concordance,  and it could not be att ributed to asymm etr y (Table 37).   T her e wer e
too few degr ees of  freedom  (df = 6) to make a meaningful search for cor rel at ions in concor dances
across com parisons.

Table 3 7.  Concord an ce in mammal s pecies d is tributio ns between sam pling  periods .  Co mparis on s m ade u sin g p oint- 
biserial cor relation  of  pr es ence/abs ence at points  in each  p eriod.  N = nu mb er of po ints in com mon  acro ss sampling 
periods  co mp ared.  * denotes  P < 0 .0 5; ** denotes P < 0 .01 ; ***  deno tes  P < 0.0 01.  Und er As ymm etr y, 00  deno tes 
>8 0% of  ob servatio ns  in  cell 0,0 ( see F ig. 1 3); + denotes in crease f rom  firs t to s econd  period; - denotes decrease ( Tab le
35 ).

Co mp arison 

Sp ecies 
Fall

19 95 -19 96
(N  = 96 )

Sp ring
19 95 -19 96
(N  = 74 )

Sp ring 199 5- 
Fall 19 95
(N  = 78 )

Fall 19 95- 
Sp ring 199 6
(N  = 11 9)

Sp ring 199 6- 
Fall 19 96
(N  = 14 0)
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CH FA 0.23 4* + 0.16 5     0.4 48* **      0.480 ** *   0.537 *** 

DI AG    0 .55 4** *      0.559 ** *     0.6 53* **      0.648 ** *   0.585 *** 

NEFU    0 .70 0** *      0.406 ** *     0.6 16* ** 00      0.590 ** *   0.491 *** 

NELE    0 .41 3** *      0.539 ** *     0.4 67* **      0.509 ** *   0.409 *** 

PECA    0 .65 7** *      0.742 ** *     0.7 87* **      0.668 ** *   0.649 *** 

PEER    0 .36 0** *      0.435 ** * +    0 .34 9** -      0.461 ** *  0 .2 65* *

PEMA   0.320 ** -      0.611 ** *     0.6 15* **      0.632 ** *   0.397 *** 

REME 0.25 9* 0.05 6 00 0.27 4* 00 0.15 3 0.18 4*
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COM MUNIT Y PAT TE RNS  OF  ANNUAL VARIATION

Over all  comm uni ty patterns were hi ghly signi ficant ly concordant  am ong all periods and all
taxonom ic gr oupings com par ed for bot h t he fi rst  DCA axi s and the Mantel  st at ist ic (T abl e 38) .
Li kewise, the aver age diff er ence i n DCA axis 1 scores of poi nts between peri ods compared was
near  zero,  and in any event was al ways ≤ 5% of the t otal l ength of  t he axi s.   Corr el ati ons f or DCA

axis 2 scores, however,  were not always si gnifi cantl y corr el ated, and some aver age diff erences wer e
12-19% of the t otal length of t he axis (al though m ost were ~ 2% ).  T his suggest s t hat what ever
annual redistri but ion of ani mal s occurs account s f or  a rel at ively sm all  pr oport ion of t he patterns
detected by DCA, and is relegat ed pr imaril y to second and subsequent  axes. 

Comm uni ty patterns also refl ect ed patterns of i ndi vi dual t axa noted above.   Spr ing samples were
more consi st ent  between year s t han f all  samples, and mammals were more consi stent than bir ds.
Apparently, the lesser concordance f or spr ings based on al l taxa r epresent ed the dom inance of t hose
samples by t he mor e var iable bi rds.
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Tabl e 38.  Comm uni ty-level  concordances between vari ous sampling per iods.  N is the num ber  of points common to bot h per iods bei ng compared.
Corr elation ref ers to the correlat ion between scor es of  points bet ween per iods com pared on a common axi s.  Aver age diff erence refers to the mean
di ff erence of points between periods compared on a comm on axis.   *** denot es P < 0.001;  * denot es P < 0.05.

DCA Axi s 1 DCA Axi s 2
Taxon

Peri ods
Compared N

Corr elation
Aver age

Di ff erence Ei genvalue Length Corr elation
Aver age

Di ff erence Ei genvalue Length

Mant el
r

Bi rds and
  Sm all  Mamm als

Spri ng 1995 —
Spri ng 1996  66 0. 91*** 0. 05 0. 26 2. 38 0. 65*** -0.24 0. 12 1. 91 0. 50***

Fall  1995 —
Fall  1996  67 0. 81*** 0. 08 0. 33 3. 28    0.11 -0.20 0. 20 2. 83 0. 34***

Bi rds
Spri ng 1995 —
Spri ng 1996

107 0. 86*** -0.01 0. 23 2. 29 0. 63*** 0. 02 0. 14 1. 97 0. 38***

Spri ng 1996 —
Spri ng1997

215 0. 84*** -0.08 0. 22 2. 32 0. 43*** -0.39 0. 13 2. 03 0. 43***

Fall  1995 —
Fall  1996

109 0. 73*** 0. 07 0. 36 4. 21    0.14 0. 09 0. 25 4. 28 0. 25***

Mamm als
Spri ng 1995 —
Spri ng 1996  74 0. 78*** -0.09 0. 54 4. 61    0.14 0. 00 0. 31 3. 44 0. 41***

Fall  1995 —
Fall  1996  95 0. 78*** 0. 18 0. 56 4. 05    0.25* 0. 03 0. 26 1. 20 0. 39***

Spri ng 1995 —
Fall  1995  76 0. 83*** -0.04 0. 52 3. 91 0. 56*** 0. 02 0. 28 3. 45 0. 42***

Fall  1995 —
Spri ng 1996

118 0. 83*** -0.03 0. 58 4. 44    0.22* 0. 03 0. 27 1. 58 0. 49***

Spri ng 1996 —
Fall  1996

139 0. 78*** 0. 25 0. 58 4. 69 0. 40*** -0.04 0. 34 3. 63 0. 36***
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HABI TAT  RE LATIONSHIP S

We were able to use 208 points for  birds and 168 poi nts for small mammals that had been sampled
fr om  1- 2 tim es in fall and 1-3 tim es in spri ng,  and whi ch al so included a compl ete set of habit at
vari abl es,  in ordi nal logi st ic regressi ons.  The num ber  of  times each species was detected at a point
vari ed widel y (Tables 39, 40), and we excl uded from our  anal yses any speci es that was detect ed on
less than 10% of the total  number of  point s in a sam ple in a season.   F or most speci es,  especially
those that  occurred onl y inf requentl y, these logisti c regr essions mainl y contrasted habitat
measurements associated wi th pr esence/absence.  However , for  speci es li ke Calif ornia and Spotted
towhees that  occur red virt ually ever ywhere (in > 90%  of  points) , regressions mainl y assessed
habi tat  values associat ed wi th the l ikelihood of det ect ing t hem  repeatedly at a point.

Tabl e 39.  Number of  occur rences of dif fer ent count
categor ies (num ber  of sampli ng per iods in which a speci es
was det ect ed at  a point ) used in logist ic regressi ons of bir d
species di st ributi on on habi tat  vari abl es.   N = 208; thus no
species sample wit h a 0 count category containi ng >187
counts (208 x 90%)  was analyzed. * denote speci es wi th <
10% (21) i n 0 count cat egory.

Count Category
Species Season

0 1 2 3

ANHU Spri ng 85 73 42 8
Fall 93 96 19

BCSP Spri ng 109 32 30 37

BE WR Spri ng 23 42 97 46
Fall 120 80 8

BGGN Fall 171 29 8

BHGR Spri ng 165 32 11

CACW Spri ng 134 23 31 20

CAGN Spri ng 156 34 13 5
Fall 184 23 1

CALT Spri ng* 1 13 101 93
Fall 40 106 62

CANW Spri ng 171 21 14 2
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Tabl e 39.  Cont inued.
Count Category

Species Season
0 1 2 3

CAQU Spri ng 52 61 66 29
Fall 167 36 5

CATH Spri ng 59 62 61 26
Fall 162 40 6

COBU Spri ng 56 93 46 13
Fall 148 54 6

COHU Spri ng 51 102 41 14

COYE Spri ng 163 29 13 3

HOFI Spri ng 40 63 82 23
Fall 95 98 15

LAZB Spri ng 121 66 13 8

LE GO Spri ng 48 78 52 30
Fall 154 47 7

MODO Spri ng 32 61 92 23

NOFL Spri ng 158 40 9 1
Fall 138 58 12

NOMO Spri ng 77 54 61 16
Fall 164 41 3

OCWA Spri ng 156 36 16

PHAI Spri ng 160 40 8

RCKI Fall 176 29 3

RCSP Spri ng 46 68 66 28
Fall 178 27 3
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Tabl e 39.  Cont inued.
Count Category

Species Season
0 1 2 3

ROWR Spri ng 184 20 2 2
Fall 180 21 7

SAGS Spri ng 137 18 30 23
Fall 181 26 1

SCJA Spri ng 106 60 34 8
Fall 156 40 12

SOSP Spri ng 112 56 36 4

SP TO Spri ng* 15 17 103 73
Fall 127 75 6

WCSP Spri ng 83 70 50 5
Fall 72 122 14

WE ME Spri ng 135 34 27 12
Fall 184 21 3

WREN Spri ng 56 10 77 65
Fall 79 82 47

YRWA Spri ng 185 23
Fall 122 46 40

Tabl e 40.  Number of  occur rences of dif fer ent count cat egori es
(num ber  of  sampling per iods in whi ch a speci es was detected at a
point) used in logistic regr essions of mam mal species dist ri but ion on
habi tat  vari abl es.   N = 168; thus no species sam ple wi th a 0 count
categor y contai ning >151 counts (168 x 90% ) was anal yzed.

Count Category
Species Season

0 1 2 3 4

CHFA Al l 76 28 33 21 10
Spri ng 96 54 18
Fall 86 57 25
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Tabl e 40.  Cont inued.

Count Category
Species Season

0 1 2 3 4

DI AG Al l 106 21 13 16 12
Spri ng 122 29 17
Fall 114 28 26

NE FU Al l 105 27 21 12 3
Spri ng 119 43 6
Fall 122 30 16

NE LE Al l 63 30 37 29 9
Spri ng 82 54 32
Fall 82 63 23

PE CA Al l 90 20 29 20 9
Spri ng 101 51 16
Fall 101 43 24

PE ER Al l 30 37 44 34 23
Spri ng 62 64 42
Fall 41 83 44

PE MA Al l 94 26 18 21 9
Spri ng 110 34 24
Fall 106 45 17

RE ME Al l 117 41 8 1 1
Spri ng 142 25 1
Fall 134 31 3
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It  was clear  that variation in the dist ribut ion of  bird and small mammal species was si gni fi cantly
associated with the habitat var iables we measur ed and generated; that is, these vari abl es appear
relevant to the di st ributi on of  these species, at least  in a correlational  cont ext .  Vi rtual ly all  of the
logi sti c regressions we fi tt ed (by species, season, and scal e) wer e statisti cal ly si gni ficant ( Tables 41,
42).   Note, however,  that because bi rds were sampl ed using slightl y dif fer ent methods in fal l vs.
spri ng,  and because det ect ablit ies of birds may change subst ant ial ly between seasons, the
regr essions com bining detect ions acr oss al l seasons ( all ; Table 41) may not be rel iable.   We
pr esent  them  (T abl es 41, 43) , but do not discuss them furt her.  No such pr oblem s ari se,  however ,
wi th the com bined sm all  mamm al dat a (Tables 42,  44). 

Below we highli ght  some of  the gener al pat terns obtained from our analyses.  Di scussion of 
indi vidual  species  habitat rel ati onshi ps is pr esent ed in Secti on VI I. SPE CI ES SUMMARIE S.

THE  REL AT IVE  IMP ORTANCE OF  LOCAL  AND LANDS CAP E VARIABLE S

It  was clear  that the cont ri but ion of local and landscape variables dif fer ed fr om speci es to speci es
and season to season.  Mor e than hal f of the best bi rd- season and mammal-season regr essions
incl uded bot h local and landscape variables (Tables 41,  42).   T hus, landscape vari ables appeared to
pl ay an im portant role in deter mining t he di str ibution of these taxa in this ecosyst em.   Of the models
that  were deemed eit her  local-only or landscape-only, the pr eponderance were local -only; thi s
pr eponderance was parti cul ar ly appar ent  in spri ng bi rds (11 local vs. 2 landscape) , alt hough it 
occurred i n fal l as wel l (7 vs.  3) .  Mammals had a higher pr oporti on of  local-only m odels compared
to birds ( 13/24 = 54% vs. 18/52 = 35%),  li kely a r ef lection of their  lower  vagi lit y. 

Of  28 bird and mam mal species for which we generat ed spring and fall  regressions, four bir ds and
three mamm al s had best model s that  were local-only in both seasons; none had landscape- onl y in
both seasons (T abl es 41, 42) .  Two species ( Com mon Bushtit  and Whi te-cr owned Sparr ows) shi ft ed
fr om  local -only in one season to landscape-only in the other .  Eight  speci es were local -only in one
season and both in the other , wher eas only four  were landscape- onl y in one season and both in the
ot her.  Si x bir ds and one mammal had best model s that incorporated both sets of  vari abl es in both
seasons.

When we exam ined the st ati st ically signifi cant (P < 0.05) regressi on coeff icients associat ed wi th the
best  model s for  al l species,  every vari abl e appear ed in at  least one model  (Tables 43, 44) .  As a
remi nder, this signi ficance evaluates the contr ibuti on of a var iable to a model  gi ven that  other
vari abl es ar e also present  in the model , and that it  is possibl e that even a si gni fi cant overal l
regr ession model (e. g.,  Comm on Busht it,  spri ng;  Tabl e 41) may have no signif icant individual 
vari abl es (T abl e 43) .  Beari ng thi s caveat  in mind, we can now exami ne what species appear  to be
associated with di ff erent local  and landscape vari ables.

Some variabl es wer e signif icant ly associat ed wi th only a few of  the best species-season models. 
For exampl e,  the presence of  tr ail s (TRAIL ) appear ed only once for  birds, where it  seem ed Rock
Wr ens in spr ing had a negati ve associat ion (Table 43).  It  appeared onl y twi ce for  mamm als, where
it  was posit ively associat ed wi th al l dusky- footed woodrat s and fall  Calif or nia mi ce (T abl e 44) .
Li kewise, no sm all  mamm als were associated with vari ati on in tr ee cover age ( PC_TRE E) , although
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it  appeared in four bir d models (positi ve for spri ng Lazul i Buntings, spri ng Calif or nia Thrashers, 
and fal l Wester n S cr ub- jays,  and negati ve for f all  Cali for ni a T owhees). 

We considered five vari abl es to be repr esent ati ve of  increasing human dist ur bance and/or
ur banizati on at  ei ther local  or  landscape scales:  habi tat  structural fact or  1 (ST FAC4,  distur bed ) ,
di st ance to an urban boundar y (URBDI ST) , presence of  roads or trai ls (T RAI L)  , and landscape
fact ors 4 (L AFAC4,  urban ) and 5 (L AFAC5,  ag/ exoti c ) .  These vari abl es appeared in the best
model for sever al speci es (although,  as noted above,  TRAIL  did so only inf requentl y) , and these
species may theref or e be considered especi al ly sensi tive to distur bance and/ or urbanization (some
negatively so, but  some posi tive as wel l).   For  exam ple, P acifi c kangar oo rats and deer  mi ce were in
al l seasons positi vely associat ed wi th agr icult ure and exoti c grassl ands in the landscape wi thi n 500
m of  a poi nt  (L AFAC5), as were Cali for nia Quai l, Common Yel lowthr oats,  Mour ning Doves, 
Nort her n Mockingbi rds, and West ern Meadowl ar ks in spring, and Bewi ck s Wrens and Whi te- 
cr owned Spar rows in fal l.  Only Or ange- crowned War bl ers were negat ively associated.  Increasing
exot ic grasses and forbs at the local level (ST FAC4)  was positi vel y associ at ed wit h San Di ego
woodrat s, Bewick s Wrens, Calif ornia Thrashers,  Comm on Yel lowthroats, and Song Sparr ows in
spri ng,  and Spotted Towhees bot h seasons, and negati vel y wit h west ern harvest  mi ce, Rufous-
cr owned Spar rows, and Whit e- crowned Sparrows in spri ng,  and House Fi nches and Nort hern
Fl icker s in fal l.  T he lat ter five species coul d be consider ed to be intol er ant  of  local scale
di st urbance. 

A suite of  species were associated with local and landscape measur es of  ur banizati on.  Anna  s
Humm ingbir ds, Cali forni a Towhees,  and House Fi nches were al l more likely to occur  in both
seasons at  points increasi ngly close to ur ban boundaries, as were Common Yel lowthr oats and
Whit e-crowned Spar rows in spring.  I n cont rast,  Cali for nia mice, cactus mi ce, and Western
Meadowl arks wer e less likely to occur in all  seasons cl ose to urban boundari es,  as were Bl ack-
chinned Spar rows, Bl ue- gray Gnatcatcher s, Lazul i Buntings,  Mour ning Doves,  Nort her n Fli ckers,
West ern Scrub-j ays, and Yell ow- rum ped Warblers in spring, and Wrenti ts and Spot ted Towhees in
fall .  At the landscape level, Pacif ic pocket mice, Anna s Humm ingbi rds, House Finches,  and
Nort her n Mockingbi rds in spr ing, and dusky-f oot ed woodr ats, Cactus Wrens, Calif ornia Towhees,
Sage Sparr ows, and Whit e-crowned Sparrows in fall,  and San Diego pocket  mi ce and Wrenti ts in
both seasons were more likel y to be det ect ed in more ur banized landscapes,  wher eas Lazuli
Bunt ings and Western Meadowl arks in the spri ng and Cali for ni a Quai l in the fall  were detected
more fr equently in l ess ur ban sett ings. 

We also had two vari abl es that represented vari ati on in habi tat  het erogenei ty,  STF AC3
( forbs/patchy ) and EDGEDIS T.  The for mer  vari abl e was associated with incr easing number of 
changes fr om  gr ass to shrub and back al ong a 50-m tr ansect , whi le the latt er  represented the
di st ance t o the near est  habi tat  type ot her  than CS S,  and thus was an index of CSS patch si ze (which
is smal ler  in more heterogeneous or fragment ed landscapes) .  Speci es posit ively associated with
EDGE DIS T (i. e.,  more li kel y to occur  farther  fr om ot her  habi tat s or in lar ger patches of CSS )
incl uded Pacifi c kangar oo rats,  deer  mi ce,  west ern harvest  mice, and Calif or nia Thrashers in al l
seasons, and Sage Sparr ows and Anna  s Humm ingbi rds in spri ng.  Speci es occur ring under mor e
fr agmented conditi ons were Cali for nia mice in all seasons,  Cact us Wrens, Nort hern Mocki ngbirds, 
and Orange-crowned Warbler s in spr ing, and Rufous- cr owned Sparr ows and Rock Wrens in fall. 
At  the poi nt  level  (STF AC3),  cactus mice and western harvest  mi ce in al l seasons, and Cact us
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Wr ens, Cal if ornia Gnatcatchers,  and Costa  s Hum mingbirds in spr ing were associated with
incr easing local-scale het er ogenei ty, wher eas Anna s Hummi ngbir ds and Song Spar rows in the
spri ng and L esser Goldf inches i n t he fall showed t he opposit e t rend. 

Two species lived up to thei r names.   Cact us Wr ens were posi tively associated with CACT US,  and
House Finches were more abundant closer  to urban areas (URBDIST , mai nly suburban housing). 
However , Rock Wrens wer e not  associated wi th ROCK,  nor cactus mice with CACT US (at  least
not over and above vari ati on in thei r occurr ence accounted f or by ot her  vari abl es) .
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Tabl e 41.  L ogi sti c regressi on of bi rd presence/absence on local and landscape habit at var iables, by season,  and test of
si gnifi cance of  addi tion of var iables of one scale to t hose of the other scale.   * denotes best  model  for spr ing or f all ; ?  denotes
am bi gui ty in best model .  I nt.  only  is tot al Chi -square;  Int . + cov.  is Chi -square wit h covari at es fit ted; Cov.  is reduct ion in
Chi- square due to fi tti ng covar iat es, which is the t est  of  t he signi ficance of the r egr ession.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
ANHU Al l 208 Local 626. 253 566. 950 59.303 15 < 0. 001 70.9% 14.101 5 0. 015

Landscape 626. 253 601. 218 25.035 6 < 0. 001 64.7% 48.369 14 < 0. 001
Both 626. 253 552. 849 73.404 20 < 0. 001 73.0%

Spri ng 208 Local 491. 523 453. 342 38.180 15 0. 001 69.5% 17.696 5 0. 003
Landscape 491. 523 463. 749 27.774 6 < 0. 001 66.6% 28.103 14 0. 014
Both* 491. 523 435. 646 55.876 20 < 0. 001 72.7%

Fall 208 Local* 389. 109 314. 803 74.306 15 < 0. 001 78.6% 2. 420 5 0. 788
Landscape 389. 109 370. 888 18.221 6 0. 006 64.1% 58.505 14 < 0. 001
Both 389. 109 312. 383 76.726 20 < 0. 001 78.9%

BCSP Spri ng 208 Local* 504. 615 318. 443 186. 172 15 < 0. 001 87.8% 8. 919 5 0. 112
Landscape 504. 615 387. 901 116. 714 6 < 0. 001 82.0% 78.377 14 < 0. 001
Both 504. 615 309. 524 195. 091 20 < 0. 001 88.4%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
BE WR Al l 208 Local 639. 077 560. 897 78.180 15 < 0. 001 75.0% 9. 765 5 0. 082

Landscape 639. 077 576. 053 63.024 6 < 0. 001 71.7% 24.921 14 0. 035
Both 639. 077 551. 132 87.945 20 < 0. 001 76.1%

Spri ng 208 Local* 522. 490 445. 286 77.204 15 < 0. 001 75.7% 8. 531 5 0. 129
Landscape 522. 490 473. 444 49.046 6 < 0. 001 69.5% 36.689 14 0. 001
Both 522. 490 436. 755 85.735 20 < 0. 001 75.8%

Fall 208 Local 337. 022 306. 579 30.443 15 0. 010 71.4% 8. 319 5 0. 140
Landscape 337. 022 313. 678 23.344 6 0. 001 67.8% 15.418 14 0. 350
Both* 337. 022 298. 260 38.763 20 0. 007 74.2%

BGGN Fall 208 Local 233. 393 165. 535 67.857 15 < 0. 001 86.8% 11.595 5 0. 041
Landscape 233. 393 181. 892 51.500 6 < 0. 001 82.2% 27.952 14 0. 014
Both* 233. 393 153. 940 79.453 20 < 0. 001 89.1%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
BHGR Spri ng 208 Local 260. 893 245. 084 15.809 15 0. 395 68.3% 31.983 5 < 0. 001

Landscape* 260. 893 236. 454 24.439 6 < 0. 001 72.0% 23.353 14 0. 055
Both 260. 893 213. 101 47.792 20 < 0. 001 79.8%

CACW Fall 208 Local 117. 718 88.149 29.569 15 0. 014 86.0% 15.468 5 0. 009
Landscape 117. 718 100. 777 16.941 6 0. 010 78.4% 28.096 14 0. 014
Both* 117. 718 72.681 45.037 20 0. 001 91.8%

CAGN Al l 208 Local 383. 086 346. 652 36.434 15 0. 002 72.9% 18.730 5 0. 002
Landscape 383. 086 360. 005 23.081 6 0. 001 65.6% 32.083 14 0. 004
Both 383. 086 327. 922 55.164 20 < 0. 001 77.8%

Spri ng 208 Local 322. 285 285. 576 36.709 15 0. 001 75.2% 16.904 5 0. 005
Landscape 322. 285 306. 682 15.604 6 0. 016 63.0% 38.010 14 0. 001
Both* 322. 285 268. 672 53.613 20 < 0. 001 79.5%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
CAGN Fall 208 Local 157. 087 138. 818 18.269 15 0. 249 74.8% 8. 500 5 0. 131

Landscape 157. 087 146. 454 10.633 6 0. 100 68.4% 16.136 14 0. 305
Both 157. 087 130. 318 26.769 20 0. 142 79.8%

CALT Al l 208 Local 601. 307 343. 809 257. 498 15 < 0. 001 72.6% 13.223 5 0. 021
Landscape 601. 307 380. 376 220. 931 6 < 0. 001 74.3% 49.790 14 < 0. 001
Both 601. 307 330. 586 270. 721 20 < 0. 001 73.3%

Spri ng 208 Local* 378. 409 139. 739 238. 670 15 < 0. 001 65.0% 7. 119 5 0. 212
Landscape? 378. 409 164. 891 213. 519 6 < 0. 001 85.0% 32.271 14 0. 004
Both 378. 409 132. 620 245. 789 20 < 0. 001 55.5%

Fall 208 Local 424. 892 290. 002 134. 890 15 < 0. 001 85.1% 15.013 5 0. 010
Landscape 424. 892 308. 479 116. 413 6 < 0. 001 84.3% 33.490 14 0. 002
Both* 424. 892 274. 989 149. 903 20 < 0. 001 87.0%

CANW Spri ng 208 Local 257. 431 161. 505 95.926 15 < 0. 001 93.0% 27.084 5 < 0. 001
Landscape 257. 431 170. 371 87.060 6 < 0. 001 89.8% 35.950 14 0. 001
Both* 257. 431 134. 421 123. 009 20 < 0. 001 94.7%

CAQU Al l 208 Local 643. 376 573. 670 69.706 15 < 0. 001 72.7% 12.378 5 0. 030
Landscape 643. 376 604. 349 39.028 6 < 0. 001 68.1% 43.057 14 < 0. 001
Both 643. 376 561. 292 82.085 20 < 0. 001 74.5%
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Tabl e 41. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
CAQU Spri ng 208 Local 559. 622 494. 405 65.217 15 < 0. 001 72.6% 13.982 5 0. 016

Landscape 559. 622 522. 466 37.157 6 < 0. 001 67.2% 42.043 14 < 0. 001
Both* 559. 622 480. 423 79.199 20 < 0. 001 74.7%

Fall 208 Local 236. 898 202. 813 34.085 15 0. 003 76.6% 10.849 5 0. 054
Landscape 236. 898 214. 149 22.749 6 0. 001 72.8% 22.185 14 0. 075
Both* 236. 898 191. 964 44.935 20 0. 001 80.6%

CATH Al l 208 Local 643. 698 556. 754 86.943 15 < 0. 001 75.6% 20.057 5 0. 001
Landscape 643. 698 597. 578 46.120 6 < 0. 001 69.7% 60.881 14 < 0. 001
Both 643. 698 536. 697 107. 000 20 < 0. 001 78.6%

Spri ng 208 Local 556. 554 472. 689 83.865 15 < 0. 001 76.7% 15.127 5 0. 010
Landscape 556. 554 516. 465 40.089 6 < 0. 001 69.3% 58.903 14 < 0. 001
Both* 556. 554 457. 562 98.992 20 < 0. 001 78.6%

Fall 208 Local* 255. 423 198. 008 57.415 15 < 0. 001 81.0% 8. 268 5 0. 142
Landscape 255. 423 224. 094 31.329 6 < 0. 001 75.2% 34.354 14 0. 002
Both 255. 423 189. 740 65.683 20 < 0. 001 82.8%

COBU Al l 208 Local 590. 664 552. 732 37.932 15 0. 001 68.1% 5. 513 5 0. 357
Landscape 590. 664 564. 589 26.075 6 < 0. 001 64.8% 17.370 14 0. 237
Both 590. 664 547. 219 43.445 20 0. 002 69.2%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
COBU Spri ng 208 Local* 507. 589 476. 919 30.670 15 0. 010 67.0% 6. 087 5 0. 298

Landscape 507. 589 492. 904 14.685 6 0. 023 62.6% 22.072 14 0. 077
Both 507. 589 470. 832 36.757 20 0. 013 68.3%

Fall 208 Local 288. 930 275. 809 13.121 15 0. 593 65.8% 10.793 5 0. 056
Landscape* 288. 930 271. 098 17.831 6 0. 007 66.7% 6. 082 14 0. 964
Both 288. 930 265. 016 23.914 20 0. 246 70.2%

COHU Spri ng 208 Local* 497. 469 439. 223 58.245 15 < 0. 001 73.0% 2. 568 5 0. 766
Landscape 497. 469 459. 198 38.270 6 < 0. 001 68.9% 22.543 14 0. 068
Both 497. 469 436. 655 60.813 20 < 0. 001 73.8%

COYE Spri ng 208 Local 291. 270 260. 398 30.871 15 0. 009 72.1% 16.138 5 0. 006
Landscape 291. 270 284. 100 7. 170 6 0. 305 60.9% 39.840 14 < 0. 001
Both* 291. 270 244. 260 47.009 20 0. 001 77.5%

HOFI Al l 208 Local 661. 190 588. 962 72.228 15 < 0. 001 71.8% 39.652 5 < 0. 001
Landscape 661. 190 588. 773 72.417 6 < 0. 001 71.8% 39.463 14 < 0. 001
Both 661. 190 549. 310 111. 880 20 < 0. 001 77.4%

Spri ng 208 Local 536. 336 478. 141 58.194 15 < 0. 001 72.7% 37.719 5 < 0. 001
Landscape 536. 336 478. 332 58.003 6 < 0. 001 71.9% 37.910 14 0. 001
Both* 536. 336 440. 422 95.914 20 < 0. 001 78.3%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
HOFI Fall 208 Local 375. 284 327. 335 47.949 15 < 0. 001 73.6% 9. 316 5 0. 097

Landscape 375. 284 339. 757 35.527 6 < 0. 001 70.4% 21.738 14 0. 084
Both* 375. 284 318. 019 57.265 20 < 0. 001 76.0%

LAZB Spri ng 208 Local 406. 840 316. 799 90.041 15 < 0. 001 80.8% 7. 181 5 0. 208
Landscape 406. 840 327. 532 79.309 6 < 0. 001 79.4% 17.914 14 0. 211
Both* 406. 840 309. 618 97.222 20 < 0. 001 81.9%

LE GO Al l 208 Local 649. 278 597. 013 52.265 15 < 0. 001 70.7% 22.871 5 < 0. 001
Landscape 649. 278 597. 333 51.945 6 < 0. 001 69.8% 23.191 14 0. 057
Both 649. 278 574. 142 75.136 20 < 0. 001 73.9%

Spri ng 208 Local 554. 133 510. 383 43.750 15 < 0. 001 70.1% 17.168 5 0. 004
Landscape* 554. 133 515. 031 39.102 6 < 0. 001 68.1% 21.816 14 0. 082
Both 554. 133 493. 215 60.918 20 < 0. 001 72.5%

Fall 208 Local 279. 878 242. 819 37.059 15 0. 001 74.4% 10.472 5 0. 063
Landscape 279. 878 255. 917 23.961 6 0. 001 68.8% 23.570 14 0. 052
Both* 279. 878 232. 347 47.531 20 < 0. 001 77.4%

MODO Spri ng 208 Local 520. 840 482. 828 38.012 15 0. 001 69.0% 13.184 5 0. 022
Landscape 520. 840 502. 600 18.240 6 0. 006 63.0% 32.956 14 0. 003
Both* 520. 840 469. 644 51.196 20 < 0. 001 71.3%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
NOFL Al l 208 Local 462. 496 372. 293 90.204 15 < 0. 001 78.9% 9. 051 5 0. 107

Landscape 462. 496 394. 658 67.838 6 < 0. 001 77.1% 31.416 14 0. 005
Both 462. 496 363. 242 99.255 20 < 0. 001 80.5%

Spri ng 208 Local* 285. 975 237. 102 48.873 15 < 0. 001 77.8% 9. 988 5 0. 076
Landscape 285. 975 251. 067 34.908 6 < 0. 001 74.7% 23.953 14 0. 046
Both 285. 975 227. 114 58.862 20 < 0. 001 81.4%

Fall 208 Local* 329. 845 253. 677 76.168 15 < 0. 001 81.9% 6. 822 5 0. 234
Landscape 329. 845 276. 305 53.539 6 < 0. 001 78.6% 29.450 14 0. 009
Both 329. 845 246. 855 82.989 20 < 0. 001 83.3%

NOMO Al l 208 Local 607. 815 527. 130 80.685 15 < 0. 001 75.9% 16.987 5 0. 005
Landscape 607. 815 571. 500 36.315 6 < 0. 001 67.9% 61.357 14 < 0. 001
Both 607. 815 510. 143 97.672 20 < 0. 001 78.7%

Spri ng 208 Local 530. 410 451. 018 79.392 15 < 0. 001 76.0% 14.600 5 0. 012
Landscape 530. 410 489. 863 40.547 6 < 0. 001 69.9% 53.445 14 < 0. 001
Both* 530. 410 436. 418 93.992 20 < 0. 001 78.3%

Fall 208 Local* 236. 555 190. 781 45.774 15 < 0. 001 80.6% 8. 496 5 0. 131
Landscape 236. 555 221. 022 15.533 6 0. 016 67.5% 38.737 14 < 0. 001
Both 236. 555 182. 285 54.270 20 < 0. 001 83.1%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
OCWA Spri ng 208 Local 298. 125 210. 144 87.981 15 < 0. 001 85.7% 18.712 5 0. 002

Landscape 298. 125 237. 282 60.843 6 < 0. 001 80.4% 45.850 14 < 0. 001
Both* 298. 125 191. 432 106. 692 20 < 0. 001 87.8%

PHAI Spri ng 208 Local* 267. 979 225. 841 42.138 15 < 0. 001 77.6% 5. 930 5 0. 313
Landscape 267. 979 251. 842 16.137 6 0. 013 69.1% 31.931 14 0. 004
Both 267. 979 219. 911 48.068 20 < 0. 001 78.9%

RCKI Fall 208 Local 198. 511 164. 845 33.666 15 0. 004 77.8% 16.757 5 0. 005
Landscape 198. 511 173. 083 25.427 6 < 0. 001 76.9% 24.995 14 0. 035
Both* 198. 511 148. 088 50.423 20 < 0. 001 83.9%

RCSP Al l 208 Local 617. 223 549. 008 68.214 15 < 0. 001 73.4% 10.038 5 0. 074
Landscape 617. 223 568. 964 48.259 6 < 0. 001 69.5% 29.994 14 0. 008
Both 617. 223 538. 970 78.253 20 < 0. 001 74.9%

Spri ng 208 Local 554. 690 484. 213 70.477 15 < 0. 001 74.3% 12.573 5 0. 028
Landscape 554. 690 499. 690 55.000 6 < 0. 001 71.7% 28.050 14 0. 014
Both* 554. 690 471. 640 83.049 20 < 0. 001 76.1%

Fall 208 Local* 191. 134 162. 940 28.194 15 0. 020 77.7% 1. 086 5 0. 955
Landscape 191. 134 180. 029 11.105 6 0. 085 66.7% 18.175 14 0. 199
Both 191. 134 161. 854 29.280 20 0. 082 78.0%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
ROWR Al l 208 Local 287. 944 134. 041 153. 903 15 < 0. 001 96.5% 3. 759 5 0. 585

Landscape 287. 944 202. 427 85.518 6 < 0. 001 88.8% 72.145 14 < 0. 001
Both 287. 944 130. 282 157. 662 20 < 0. 001 96.6%

Spri ng 208 Local* 175. 945 83.994 91.951 15 < 0. 001 97.0% 7. 210 5 0. 205
Landscape 175. 945 134. 409 41.536 6 < 0. 001 85.6% 57.625 14 < 0. 001
Both 175. 945 76.784 99.161 20 < 0. 001 97.5%

Fall 208 Local* 195. 839 86.719 109. 120 15 < 0. 001 96.7% 7. 782 5 0. 169
Landscape 195. 839 123. 330 72.509 6 < 0. 001 91.2% 44.393 14 < 0. 001
Both 195. 839 78.937 116. 902 20 < 0. 001 97.8%

SAGS Al l 208 Local 466. 707 316. 311 150. 396 15 < 0. 001 89.8% 52.136 5 < 0. 001
Landscape 466. 707 296. 836 169. 872 6 < 0. 001 91.2% 32.661 14 0. 003
Both 466. 707 264. 175 202. 532 20 < 0. 001 93.5%

Spri ng 208 Local 419. 983 272. 786 147. 197 15 < 0. 001 90.1% 48.080 5 < 0. 001
Landscape 419. 983 260. 920 159. 063 6 < 0. 001 91.0% 36.214 14 0. 001
Both* 419. 983 224. 706 195. 277 20 < 0. 001 93.5%

Fall 208 Local 169. 139 97.577 71.561 15 < 0. 001 93.1% 31.107 5 < 0. 001
Landscape* 169. 139 86.217 82.922 6 < 0. 001 94.5% 19.747 14 0. 138
Both 169. 139 66.470 102. 669 20 < 0. 001 96.9%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
SCJA Al l 208 Local 571. 327 471. 707 99.620 15 < 0. 001 79.6% 20.865 5 0. 001

Landscape 571. 327 491. 700 79.627 6 < 0. 001 77.9% 40.858 14 < 0. 001
Both 571. 327 450. 842 120. 485 20 < 0. 001 81.4%

Spri ng 208 Local 467. 382 396. 733 70.649 15 < 0. 001 77.0% 18.035 5 0. 003
Landscape 467. 382 403. 354 64.028 6 < 0. 001 76.9% 24.656 14 0. 038
Both* 467. 382 378. 698 88.684 20 < 0. 001 79.5%

Fall 208 Local 290. 113 224. 542 65.570 15 < 0. 001 83.1% 28.566 5 < 0. 001
Landscape 290. 113 231. 589 58.524 6 < 0. 001 81.1% 35.613 14 0. 001
Both* 290. 113 195. 976 94.136 20 < 0. 001 88.0%

SOSP Spri ng 208 Local 443. 529 408. 484 35.045 15 0. 002 70.3% 13.685 5 0. 018
Landscape 443. 529 430. 757 12.772 6 0. 047 56.8% 35.958 14 0. 001
Both* 443. 529 394. 799 48.730 20 < 0. 001 73.2%

SP TO Al l 208 Local 632. 849 468. 929 163. 919 15 < 0. 001 80.9% 4. 272 5 0. 511
Landscape 632. 849 532. 218 100. 631 6 < 0. 001 77.8% 67.561 14 < 0. 001
Both 632. 849 464. 657 168. 192 20 < 0. 001 81.6%

Spri ng 208 Local* 461. 684 293. 564 168. 120 15 < 0. 001 87.4% 5. 479 5 0. 360
Landscape 461. 684 353. 059 108. 625 6 < 0. 001 82.9% 64.974 14 < 0. 001
Both 461. 684 288. 085 173. 598 20 < 0. 001 87.7%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
SP TO Fall 208 Local* 320. 868 253. 686 67.182 15 < 0. 001 79.8% 4. 954 5 0. 422

Landscape 320. 868 275. 406 45.462 6 < 0. 001 75.6% 26.674 14 0. 021
Both 320. 868 248. 732 72.136 20 < 0. 001 81.0%

WCSP Al l 208 Local 616. 491 519. 533 96.958 15 < 0. 001 76.5% 9. 025 5 0. 108
Landscape 616. 491 548. 941 67.550 6 < 0. 001 73.2% 38.433 14 < 0. 001
Both 616. 491 510. 508 105. 983 20 < 0. 001 77.4%

Spri ng 208 Local* 484. 802 406. 684 78.118 15 < 0. 001 77.5% 3. 591 5 0. 610
Landscape 484. 802 437. 864 46.939 6 < 0. 001 72.0% 34.771 14 0. 002
Both 484. 802 403. 093 81.709 20 < 0. 001 77.6%

Fall 208 Local 358. 501 310. 544 47.957 15 < 0. 001 74.3% 17.139 5 0. 004
Landscape* 358. 501 316. 449 42.052 6 < 0. 001 72.5% 23.044 14 0. 060
Both? 358. 501 293. 405 65.096 20 < 0. 001 78.0%

WE ME Al l 208 Local 477. 396 417. 070 60.326 15 < 0. 001 75.6% 19.256 5 0. 002
Landscape 477. 396 433. 313 44.083 6 < 0. 001 72.8% 35.499 14 0. 001
Both 477. 396 397. 814 79.582 20 < 0. 001 79.4%

Spri ng 208 Local 418. 586 364. 086 54.500 15 < 0. 001 75.5% 18.580 5 0. 002
Landscape 418. 586 373. 232 45.354 6 < 0. 001 74.1% 27.726 14 0. 015
Both* 418. 586 345. 506 73.080 20 < 0. 001 79.4%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
WE ME Fall 208 Local* 166. 858 116. 000 50.858 15 < 0. 001 87.0% 0. 819 5 0. 976

Landscape 166. 858 141. 245 25.613 6 < 0. 001 78.5% 26.064 14 0. 025
Both 166. 858 115. 181 51.677 20 < 0. 001 87.3%

WREN Al l 208 Local 685. 417 460. 859 224. 558 15 < 0. 001 86.5% 30.067 5 < 0. 001
Landscape 685. 417 570. 346 115. 071 6 < 0. 001 78.3% 139. 554 14 < 0. 001
Both 685. 417 430. 792 254. 625 20 < 0. 001 88.4%

Spri ng 208 Local 511. 908 280. 004 231. 905 15 < 0. 001 91.7% 23.990 5 < 0. 001
Landscape 511. 908 396. 679 115. 230 6 < 0. 001 81.5% 140. 665 14 < 0. 001
Both* 511. 908 256. 014 255. 894 20 < 0. 001 93.2%

Fall 208 Local 445. 427 267. 342 178. 085 15 < 0. 001 88.9% 19.281 5 0. 002
Landscape 445. 427 351. 922 93.505 6 < 0. 001 79.0% 103. 861 14 < 0. 001
Both* 445. 427 248. 061 197. 366 20 < 0. 001 90.5%

YRWA Al l 208 Local 466. 238 370. 219 96.020 15 < 0. 001 79.8% 12.495 5 0. 029
Landscape 466. 238 409. 285 56.954 6 < 0. 001 73.3% 51.561 14 < 0. 001
Both 466. 238 357. 724 108. 514 20 < 0. 001 81.3%

Spri ng 208 Local* 144. 651 110. 483 34.169 15 0. 003 82.3% 5. 456 5 0. 363
Landscape 144. 651 128. 301 16.350 6 0. 012 74.3% 23.274 14 0. 056
Both 144. 651 105. 027 39.624 20 0. 006 84.4%
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Tabl e 41.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
YRWA Fall 208 Local 400. 889 290. 440 110. 450 15 < 0. 001 82.4% 16.901 5 0. 005

Landscape 400. 889 332. 437 68.453 6 < 0. 001 76.8% 58.898 14 < 0. 001
Both* 400. 889 273. 539 127. 350 20 < 0. 001 84.6%
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Tabl e 42.  L ogi sti c regressi on of mammal presence/ absence on local  and landscape habitat var iables, by season, and test  of 
si gnifi cance of  addi tion of var iables of one scale to those of the other scale.   * denotes best  model .  I nt.  only  is tot al Chi -
square;  I nt . + cov.  is Chi -squar e wit h covari ates fit ted; Cov.  is reduct ion in Chi- squar e due to fi tti ng covar iates, whi ch is the
test  of  the signif icance of the regr ession.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
CHFA Al l 168 Local 472. 086 336. 088 135. 998 15 < 0. 001 86.1% 42.592 5 < 0. 001

Landscape 472. 086 321. 945 150. 141 6 < 0. 001 86.9% 28.449 14 0. 012
Both* 472. 086 293. 496 178. 590 20 < 0. 001 89.6%

Spri ng 168 Local* 310. 433 196. 203 114. 231 15 < 0. 001 88.6% 27.017 5 < 0. 001
Landscape 310. 433 192. 790 117. 643 6 < 0. 001 88.9% 23.604 14 0. 051
Both 310. 433 169. 186 141. 247 20 < 0. 001 91.9%

Fall 168 Local 333. 653 220. 349 113. 303 15 < 0. 001 87.6% 36.275 5 < 0. 001
Landscape 333. 653 216. 874 116. 778 6 < 0. 001 87.7% 32.801 14 0. 003
Both* 333. 653 184. 074 149. 579 20 < 0. 001 91.4%

DI AG Al l 168 Local 390. 084 220. 101 169. 983 15 < 0. 001 92.9% 24.996 5 < 0. 001
Landscape 390. 084 241. 373 148. 710 6 < 0. 001 90.3% 46.269 14 < 0. 001
Both* 390. 084 195. 105 194. 979 20 < 0. 001 94.9%

Spri ng 168 Local 257. 838 127. 048 130. 791 15 < 0. 001 94.0% 24.672 5 < 0. 001
Landscape 257. 838 138. 842 118. 996 6 < 0. 001 92.5% 36.467 14 0. 001
Both* 257. 838 102. 376 155. 463 20 < 0. 001 96.2%

Fall 168 Local 285. 774 145. 842 139. 932 15 < 0. 001 93.5% 23.851 5 < 0. 001
Landscape 285. 774 167. 270 118. 504 6 < 0. 001 91.2% 45.279 14 < 0. 001
Both* 285. 774 121. 991 163. 783 20 < 0. 001 95.9%
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Tabl e 42.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
NE FU Al l 168 Local* 372. 246 247. 498 124. 747 15 < 0. 001 89.0% 10.650 5 0. 059

Landscape 372. 246 333. 644 38.601 6 < 0. 001 72.0% 96.796 14 < 0. 001
Both 372. 246 236. 848 135. 397 20 < 0. 001 89.8%

Spri ng 168 Local* 239. 256 151. 822 87.434 15 < 0. 001 88.8% 2. 640 5 0. 755
Landscape 239. 256 219. 324 19.932 6 0. 003 72.0% 70.142 14 < 0. 001
Both 239. 256 149. 182 90.074 20 < 0. 001 89.2%

Fall 168 Local 256. 676 154. 482 102. 194 15 < 0. 001 90.6% 20.995 5 0. 001
Landscape 256. 676 211. 457 45.219 6 < 0. 001 74.8% 77.970 14 < 0. 001
Both* 256. 676 133. 487 123. 189 20 < 0. 001 92.9%

NE LE Al l 168 Local 493. 484 415. 489 77.995 15 < 0. 001 77.4% 14.385 5 0. 013
Landscape 493. 484 460. 759 32.725 6 < 0. 001 68.6% 59.655 14 < 0. 001
Both* 493. 484 401. 104 92.380 20 < 0. 001 79.6%

Spri ng 168 Local 346. 333 269. 874 76.459 15 < 0. 001 80.4% 13.566 5 0. 019
Landscape 346. 333 295. 842 50.491 6 < 0. 001 75.1% 39.534 14 < 0. 001
Both* 346. 333 256. 308 90.025 20 < 0. 001 83.4%

Fall 168 Local* 332. 682 279. 120 53.562 15 < 0. 001 76.9% 10.213 5 0. 069
Landscape 332. 682 320. 950 11.733 6 0. 068 60.9% 52.042 14 < 0. 001
Both 332. 682 268. 907 63.775 20 < 0. 001 78.4%
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Tabl e 42.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
PE CA Al l 168 Local* 437. 174 264. 315 172. 860 15 < 0. 001 90.6% 8. 021 5 0. 155

Landscape 437. 174 374. 080 63.095 6 < 0. 001 77.6% 117. 786 14 < 0. 001
Both 437. 174 256. 294 180. 881 20 < 0. 001 91.1%

Spri ng 168 Local* 299. 628 185. 884 113. 745 15 < 0. 001 89.1% 6. 532 5 0. 258
Landscape 299. 628 256. 390 43.239 6 < 0. 001 77.2% 77.037 14 < 0. 001
Both 299. 628 179. 352 120. 276 20 < 0. 001 89.2%

Fall 168 Local* 313. 388 146. 959 166. 429 15 < 0. 001 93.7% 8. 411 5 0. 135
Landscape 313. 388 252. 381 61.007 6 < 0. 001 79.5% 113. 833 14 < 0. 001
Both 313. 388 138. 548 174. 840 20 < 0. 001 94.5%

PE ER Al l 168 Local* 533. 338 433. 472 99.866 15 < 0. 001 77.8% 2. 170 5 0. 825
Landscape 533. 338 476. 840 56.498 6 < 0. 001 70.3% 45.538 14 < 0. 001
Both 533. 338 431. 302 102. 036 20 < 0. 001 78.3%

Spri ng 168 Local* 363. 586 268. 513 95.073 15 < 0. 001 81.9% 2. 115 5 0. 833
Landscape 363. 586 297. 021 66.565 6 < 0. 001 74.2% 30.623 14 0. 006
Both 363. 586 266. 398 97.188 20 < 0. 001 82.5%

Fall 168 Local* 350. 603 287. 812 62.790 15 < 0. 001 78.1% 2. 605 5 0. 761
Landscape 350. 603 322. 479 28.124 6 < 0. 001 68.9% 37.272 14 0. 001
Both 350. 603 285. 207 65.396 20 < 0. 001 78.6%
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Tabl e 42.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 

Test  of  Addi tion of
Ot her Vari able Set Species Season N Scal e

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P
PE MA Al l 168 Local 426. 618 317. 886 108. 732 15 < 0. 001 84.6% 27.958 5 < 0. 001

Landscape 426. 618 314. 363 112. 255 6 < 0. 001 85.3% 24.435 14 0. 041
Both* 426. 618 289. 928 136. 690 20 < 0. 001 88.1%

Spri ng 168 Local 295. 207 184. 672 110. 535 15 < 0. 001 89.3% 59.782 5 < 0. 001
Landscape 295. 207 160. 429 134. 778 6 < 0. 001 92.6% 35.539 14 0. 001
Both* 295. 207 124. 890 170. 317 20 < 0. 001 95.2%

Fall 168 Local 294. 074 221. 594 72.480 15 < 0. 001 83.8% 15.381 5 0. 009
Landscape* 294. 074 228. 805 65.268 6 < 0. 001 81.2% 22.593 14 0. 067
Both? 294. 074 206. 213 87.861 20 < 0. 001 85.6%

RE ME Al l 168 Local* 269. 519 220. 101 49.418 15 < 0. 001 80.5% 7. 819 5 0. 166
Landscape 269. 519 244. 397 25.122 6 < 0. 001 72.3% 32.115 14 0. 004
Both 269. 519 212. 282 57.237 20 < 0. 001 82.1%

Spri ng 168 Local* 153. 253 120. 044 33.209 15 0. 004 82.7% 6. 474 5 0. 263
Landscape 153. 253 139. 886 13.367 6 0. 038 70.7% 26.316 14 0. 024
Both 153. 253 113. 570 39.683 20 0. 005 85.3%

Fall 168 Local* 189. 532 151. 752 37.780 15 0. 001 82.4% 6. 979 5 0. 222
Landscape 189. 532 171. 777 17.755 6 0. 007 72.8% 27.004 14 0. 019
Both 189. 532 144. 773 44.759 20 0. 001 84.6%
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Table 4 3.  S tan dar dized  lo gistic r eg res sio n coefficients f or  bird pr esence/absence o n local and  land scape habitat variables, by  seas on.  S ee Tables 3, 4, 8, an d 1 2 for  descrip tio ns  of 
stru ctu ral and lan ds cap e v ar iab les  and principal com pon ents; see F ig s. 6 and  7 for  d escrip tion of plant sp ecies  DCAs .  Only statis tically significan t ( P < 0 .05 ) coefficients s how n.  * 
deno tes  b es t  reg ression mo del (s ee Table 4 1).

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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AN HU All Lo cal 0.16 0.23 -0 .1 8 0.23 0.19 -0 .4 9

Land scape 0.32 

Bo th 0.17 0.29 0.22 0.18 -0 .4 5 0.28 

Sp ring Lo cal 0.21 -0 .1 6 0.17 0.21 -0 .2 6

Land scape 0.30 

Bo th * 0.26 -0 .1 6 0.18 -0 .2 0 0.30 

Fall Lo cal* 0.28 -1 .0 2

Land scape 0.23 

Bo th 0.29 -1 .0 3

BCSP Sp ring Lo cal* -0 .4 2 -0 .3 7 -0 .3 4 0.55 -0 .3 8

Land scape 0.52 0.18 -0 .3 2

Bo th -0 .4 6 -0 .4 6 -0 .2 8 0.50 -0 .3 0 0.29 

BEWR All Lo cal 0.16 -0 .1 8 0.22 

Land scape -0 .2 1 0.15 

Bo th 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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BEWR Sp ring Lo cal* -0 .1 7 0.30 -0 .2 1 -0 .2 3

Land scape 0.16 -0 .2 5

Bo th 0.30 -0 .1 9 0.25 -0 .2 0

Fall Lo cal 0.18 

Land scape

Bo th * 0.18 0.23 

BG GN Fall Lo cal 0.46 0.36 

Land scape -0 .5 2 -0 .2 8 0.33 

Bo th * 0.41 0.48 0.33 0.39 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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BH GR Sp ring Lo cal

Land scape* 0.33 

Bo th -0 .6 2 -0 .3 3 -0 .3 4 0.57 -0 .6 0 0.32 

CA CW Sp ring Lo cal 0.38 -0 .3 0 -0 .2 8 0.51 

Land scape 0.26 0.42 

Bo th * 0.36 -0 .4 2 -0 .3 2 0.49 -0 .3 6

CA GN All Lo cal 0.24 -0 .2 3 0.22 0.39 

Land scape -0 .4 0

Bo th 0.26 0.37 -0 .4 3 -0 .4 6

Sp ring Lo cal 0.32 0.22 0.37 

Land scape -0 .3 5

Bo th * 0.35 0.36 -0 .4 5
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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CA GN Fall Lo cal 0.23 0.33 

Land scape

Bo th 

CA LT All Lo cal 0.18 -0 .2 2 0.26 -0 .4 6

Land scape -0 .2 8 -0 .1 7 0.29 

Bo th 0.22 -0 .2 5 0.24 -0 .3 9 0.32 

Sp ring Lo cal* 0.53 -0 .3 4 0.47 

Land scape -0 .2 8

Bo th 0.64 -0 .3 5 -0 .2 8

Fall Lo cal -0 .2 0 0.23 -0 .3 8

Land scape -0 .2 1 0.33 

Bo th * -0 .2 2 -0 .3 2 0.38 

CA NW Sp ring Lo cal 0.63 

Land scape -0 .8 6 -1 .6 2 0.38 

Bo th * 0.54 -1 .8 6

CA CQ All Lo cal 0.18 -0 .4 4 0.22 

Land scape

Bo th 0.17 -0 .2 5 -0 .4 3 0.21 0.22 0.22 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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CA QU Sp ring Lo cal 0.20 -0 .4 0

Land scape -0 .1 8

Bo th * 0.21 -0 .2 7 -0 .4 1 -0 .1 8 0.24 

Fall Lo cal -0 .4 3 0.42 

Land scape

Bo th * -0 .4 4 0.49 -0 .4 0

CA TH All Lo cal 0.20 -0 .2 3 -0 .4 2 0.33 0.24 

Land scape -0 .2 7 -0 .1 8

Bo th 0.24 -0 .5 4 0.25 -0 .3 8

Sp ring Lo cal 0.21 -0 .1 8 -0 .3 5 0.29 0.21 

Land scape -0 .2 4 -0 .1 6 -0 .1 9

Bo th * 0.19 0.26 -0 .4 2 0.22 -0 .3 4

Fall Lo cal* -0 .4 3 0.28 0.28 

Land scape

Bo th -0 .2 4 -0 .6 1 0.32 

CO BU All Lo cal

Land scape

Bo th 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale

G
C

_C
R

Y
P

PC
_B

N
G

R
S

PC
_T

R
E

E

ST
FA

C
1

ST
FA

C
2

ST
FA

C
3

ST
FA

C
4

D
C

A
1

D
C

A
2

E
D

G
E

D
IS

T

U
R

B
D

IS
T

C
A

C
T

U
S

R
O

C
K

T
R

A
IL

L
A

FA
C

1

L
A

FA
C

 2

L
A

FA
C

 3

L
A

FA
C

 4

L
A

FA
C

 5

CO BU Sp ring Lo cal*

Land scape

Bo th -0 .1 9

Fall Lo cal

Land scape* -0 .2 4

Bo th 

CO HU Sp ring Lo cal* 0.17 -0 .2 1

Land scape 0.18 

Bo th -0 .2 0

CO YE Sp ring Lo cal -0 .5 5 0.33 -0 .4 3

Land scape

Bo th * -0 .5 8 0.35 -0 .4 5 -0 .5 5 -0 .4 2 0.27 

HO FI All Lo cal 0.20 0.32 -0 .3 6 0.16 

Land scape -0 .2 4 -0 .3 9 -0 .1 6 0.36 0.23 

Bo th 0.20 -0 .3 4 0.21 -0 .4 2 -0 .1 6 0.30 0.21 

Sp ring Lo cal 0.19 0.38 -0 .3 3

Land scape -0 .3 5 -0 .1 5 0.37 0.21 

Bo th * 0.31 -0 .2 8 -0 .2 4 -0 .4 3 -0 .1 6 0.30 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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HO FI Fall Lo cal -0 .2 7 -0 .3 5 0.17 

Land scape -0 .3 0 -0 .2 5 0.18 

Bo th * -0 .2 5 -0 .2 9

LA ZB Sp ring Lo cal 0.21 0.24 

Land scape -0 .3 1

Bo th * 0.19 0.19 -0 .2 6

LEGO All Lo cal

Land scape 0.15 -0 .3 1

Bo th -0 .2 4 0.18 -0 .2 7

Sp ring Lo cal -0 .1 8

Land scape* -0 .2 6

Bo th -0 .2 2 -0 .2 2

Fall Lo cal 0.18 -0 .2 9 0.28 

Land scape -0 .3 5

Bo th * 0.20 -0 .3 1 -0 .3 3 0.27 -0 .4 3

MO DO Sp ring Lo cal -0 .1 8 0.18 0.24 

Land scape 0.17 0.15 0.16 

Bo th * -0 .2 3 0.19 0.26 0.24 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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NO FL All Lo cal 0.32 0.21 -0 .2 3 0.28 

Land scape 0.27 

Bo th 0.22 -0 .2 8 0.28 0.32 

Sp ring Lo cal* 0.36 -0 .3 4 0.24 

Land scape 0.20 0.28 

Bo th 0.21 -0 .3 5 0.23 0.29 0.33 

Fall Lo cal* -0 .3 3 0.28 

Land scape

Bo th 0.22 -0 .3 1 0.29 

NO MO All Lo cal -0 .3 0 0.36 0.22 -0 .2 1 -0 .2 8 0.31 

Land scape -0 .1 7 0.33 0.22 

Bo th -0 .3 2 0.21 0.24 -0 .2 8 0.30 -0 .2 2 0.20 0.17 

Sp ring Lo cal -0 .3 1 0.44 0.20 -0 .3 0 0.22 

Land scape -0 .2 0 0.34 0.24 

Bo th * -0 .3 3 0.31 0.20 -0 .2 1 0.20 -0 .1 8 0.20 0.17 

Fall Lo cal* 0.55 

Land scape 0.22 

Bo th 0.59 0.32 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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OCWA Sp ring Lo cal 0.37 -0 .3 2 -0 .9 3 0.35 -0 .6 1

Land scape 0.37 0.36 0.32 -0 .2 9 -0 .2 4

Bo th * -0 .7 1 0.36 -0 .5 5 -0 .4 6 -0 .4 4

PH AI Sp ring Lo cal* 0.41 -0 .3 9 -0 .4 6

Land scape 0.21 

Bo th 0.38 -0 .3 3 -0 .4 8

RCKI Fall Lo cal 0.42 

Land scape 0.37 -0 .4 6

Bo th * 0.41 -0 .7 9

RCSP All Lo cal -0 .1 9

Land scape -0 .2 1

Bo th -0 .2 3 0.16 0.26 

Sp ring Lo cal -0 .1 9

Land scape -0 .2 4

Bo th * -0 .2 3 0.29 

Fall Lo cal* -0 .3 2

Land scape

Bo th -0 .3 6



152

Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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RO WR All Lo cal 0.33 -0 .6 5 0.80 -0 .3 1

Land scape -0 .6 7 -1 .0 1 0.42 0.26 

Bo th 0.29 0.86 -0 .4 4

Sp ring Lo cal* 0.89 -0 .4 7

Land scape -0 .4 3 -1 .0 3 0.40 

Bo th 1.29 -0 .4 1

Fall Lo cal* 0.38 -1 .0 4 0.55 -0 .4 4

Land scape -2 .3 7 -0 .7 9 0.62 0.44 

Bo th 0.62 -0 .6 9

SA GS All Lo cal 0.40 -0 .4 6 0.41 -0 .4 1

Land scape -1 .0 0 -2 .8 6 -0 .8 4

Bo th -0 .4 8 0.29 -0 .8 3 -2 .6 2 -0 .6 1

Sp ring Lo cal 0.44 -0 .5 0 0.45 -0 .3 9

Land scape -0 .9 9 -2 .8 4 -0 .8 1

Bo th * -0 .5 5 0.33 -0 .7 7 -2 .5 3 -0 .5 8

Fall Lo cal 0.37 -0 .4 5 0.18 -0 .0 4 -0 .3 7 0.05 -0 .1 5

Land scape* -1 .3 4 -2 .8 7 -0 .9 5 0.50 

Bo th 0.61 2.45 -2 .3 3 -3 .8 0 1.52 
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Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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SCJA All Lo cal 0.22 -0 .2 3 0.22 

Land scape 0.51 0.46 

Bo th 0.20 0.20 0.33 0.32 

Sp ring Lo cal 0.26 0.17 

Land scape 0.32 0.51 0.16 

Bo th * 0.20 0.41 

Fall Lo cal -0 .3 2

Land scape 0.58 0.23 

Bo th * 0.23 0.52 

SO SP Sp ring Lo cal -0 .1 8 -0 .2 6 0.25 

Land scape -0 .2 6

Bo th * -0 .2 1 0.24 -0 .1 9 -0 .3 0 0.18 -0 .2 7 -0 .3 6

SP TO All Lo cal 0.31 0.28 -0 .2 0 -0 .4 2 0.27 

Land scape 0.28 0.25 0.15 

Bo th 0.29 0.25 -0 .2 0 -0 .4 7 0.27 

Sp ring Lo cal* 0.30 -0 .2 2 -0 .5 8

Land scape 0.26 0.18 -0 .2 4

Bo th 0.34 -0 .2 5 -0 .6 3
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Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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SP TO Fall Lo cal* 0.26 0.30 0.28 

Land scape 0.26 0.25 

Bo th 0.31 0.28 0.31 

WCSP All Lo cal -0 .3 9 0.22 0.24 -0 .3 2 -0 .2 3

Land scape -0 .3 5 -0 .2 5

Bo th -0 .3 7 0.24 -0 .2 3 0.23 -0 .1 8 -0 .2 5 -0 .2 3 -0 .2 6

Sp ring Lo cal* -0 .4 0 -0 .1 9 -0 .2 1

Land scape -0 .3 5 -0 .2 1

Bo th -0 .3 5 -0 .1 8 -0 .2 2

Fall Lo cal 0.35 0.31 -0 .2 6

Land scape* -0 .2 5 0.18 0.26 0.17 

Bo th 0.35 -0 .3 0 0.31 0.31 0.21 

WEME All Lo cal -0 .2 4 0.33 -0 .3 6 0.27 

Land scape -0 .4 1 -0 .2 2 0.20 

Bo th 0.26 -0 .3 3 0.31 -0 .2 6 -0 .2 9 0.22 

Sp ring Lo cal -0 .2 5 0.30 -0 .2 8 0.22 

Land scape -0 .4 9 -0 .2 2 0.21 

Bo th * 0.26 -0 .3 2 -0 .2 5 0.21 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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WEME Fall Lo cal* 0.43 -0 .6 2 0.38 

Land scape -0 .3 0 -0 .4 8

Bo th -0 .6 2 0.40 

WREN All Lo cal 0.23 -1 .0 8 0.43 0.25 -0 .3 5

Land scape 0.62 0.42 -0 .3 1

Bo th -1 .1 5 0.42 0.34 -0 .3 8 0.28 0.21 0.35 

Sp ring Lo cal -1 .2 2 0.54 -0 .4 5

Land scape 0.61 0.50 -0 .3 2

Bo th * -1 .2 6 0.58 -0 .5 2 0.38 -0 .2 0 0.23 

Fall Lo cal 0.32 -1 .0 1 0.37 0.31 

Land scape 0.60 0.35 -0 .2 9

Bo th * -1 .0 2 0.35 0.41 0.29 0.36 

YRWA All Lo cal 0.20 -0 .3 3 -0 .3 2

Land scape 0.43 -0 .2 0

Bo th -0 .2 3 -0 .3 7 0.22 

Sp ring Lo cal* 0.40 

Land scape 0.33 -0 .4 7

Bo th -0 .6 3 0.32 
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Table 4 3.  Continu ed .

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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YRWA Fall Lo cal -0 .3 3 -0 .4 9

Land scape 0.43 -0 .3 0

Bo th * -0 .6 4 -0 .3 1 -0 .2 8 0.27 
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Table 4 4.  Stan dar dized  lo gistic r eg res sio n coefficients f or  sm all m amm al pr esence/absence o n local and  land scape habitat variables, by  seas on.  See Tables 3, 4, 8, an d 1 2 for 
descrip tio ns  of  stru ctu ral and lan ds cap e v ar iab les  and principal com pon ents; see F ig s. 6 and  7 for  d escrip tion of plant sp ecies  DCAs .  Only statis tically significan t ( P < 0 .05 )
co ef ficien ts  sh own .  * den otes best  r egr es sio n m od el (see Tab le 42 ).

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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CH FA All Lo cal -0 .2 1 -0 .3 2 0.24 

Land scape -0 .7 7 -1 .1 2 0.18 0.38 

Bo th * -0 .3 5 -0 .4 6 -0 .9 6 0.34 0.34 

Sp ring Lo cal* -0 .4 5

Land scape -0 .8 9 -0 .9 5 0.32 

Bo th -0 .4 5 -0 .5 1 -0 .7 5 0.28 0.30 

Fall Lo cal -0 .2 6 -0 .3 3 0.22 0.28 

Land scape -0 .6 3 -1 .1 8 0.37 

Bo th * -0 .3 4 -0 .9 9 0.35 0.46 

DI AG All Lo cal 0.51 -0 .2 3 0.46 -0 .3 9 0.40 0.27 

Land scape -0 .8 0 -1 .3 1 -1 .1 1 0.29 0.39 

Bo th * 0.49 0.37 -0 .6 0 -0 .7 2 -0 .8 7 0.52 

Sp ring Lo cal 0.40 0.73 -0 .6 2 0.48 

Land scape -1 .1 8 -1 .9 1 -1 .0 9 0.50 0.48 

Bo th * 0.40 -0 .7 1 0.48 -1 .0 9 -1 .2 2 -0 .7 5 0.46 0.68 

Fall Lo cal 0.76 -0 .2 5 -0 .4 1 -0 .3 8 0.29 0.32 0.31 

Land scape -0 .5 4 -1 .2 1 -1 .5 1 0.37 

Bo th * 0.77 -0 .3 1 -0 .7 3 -1 .4 4 0.50 
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Table 4 4.  Continu ed 

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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NEFU All Lo cal* -0 .2 8 1.06 -0 .4 6 -0 .2 4 -0 .5 3 0.28 

Land scape 0.33 0.22 0.38 

Bo th 1.11 -0 .4 6 -0 .3 2 -0 .4 8 0.32 

Sp ring Lo cal* 0.99 

Land scape 0.31 0.22 0.23 

Bo th 1.04 -0 .5 2 -0 .4 4

Fall Lo cal -0 .2 9 0.88 -0 .5 1 -0 .6 6 0.33 

Land scape 0.31 0.21 0.52 0.23 

Bo th * 1.03 -0 .4 1 -0 .6 2 0.50 0.43 

NELE All Lo cal 0.57 0.19 0.33 0.42 

Land scape 0.17 0.19 

Bo th * 0.68 0.35 0.39 

Sp ring Lo cal 0.45 0.29 

Land scape 0.22 0.20 

Bo th * 0.56 0.24 0.30 -0 .3 0

Fall Lo cal* 0.58 0.35 0.50 

Land scape 0.17 

Bo th 0.69 0.37 0.50 -0 .2 9



159

Table 4 4.  Continu ed 

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale
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PECA All Lo cal* 0.24 0.77 0.39 -0 .8 1 -0 .5 2 0.25 -0 .5 8

Land scape 0.52 0.41 0.29 

Bo th 0.25 0.67 0.49 -0 .9 6 -0 .5 0 0.38 -0 .4 6 0.26 

Sp ring Lo cal* 0.53 -0 .6 1 0.32 -0 .4 6

Land scape 0.46 0.39 0.20 

Bo th 0.46 0.31 -0 .8 2 0.44 

Fall Lo cal* 0.32 0.98 0.40 -0 .9 1 -0 .5 8 -0 .4 1 0.31 

Land scape 0.50 0.39 0.34 

Bo th 0.34 0.90 0.51 -0 .9 0 -0 .3 2 -0 .5 8 0.40 0.36 

PEER All Lo cal* 0.35 0.20 0.31 0.47 

Land scape

Bo th 0.38 0.20 0.36 0.48 

Sp ring Lo cal* 0.32 0.19 0.39 

Land scape

Bo th 0.32 0.22 0.40 

Fall Lo cal* 0.25 -0 .2 4 0.31 0.44 

Land scape

Bo th 0.29 -0 .2 4 0.32 0.43 
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Table 4 4.  Continu ed 

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape

Sp ecies Seas on Scale

G
C

_C
R

Y
P

PC
_B

N
G

R
S

PC
_T

R
E

E

ST
FA

C
1

ST
FA

C
2

ST
FA

C
3

ST
FA

C
4

D
C

A
1

D
C

A
2

E
D

G
E

D
IS

T

U
R

B
D

IS
T

C
A

C
T

U
S

R
O

C
K

T
R

A
IL

L
A

FA
C

1

L
A

FA
C

 2

L
A

FA
C

 3

L
A

FA
C

 4

L
A

FA
C

 5

PEMA All Lo cal -0 .3 2 0.20 -0 .3 6

Land scape -0 .8 7 -0 .7 8 0.23 0.21 

Bo th * 0.22 -0 .8 6 -0 .6 3 0.35 

Sp ring Lo cal 0.26 -0 .4 5 -0 .3 8

Land scape -2 .3 0 -0 .9 1 0.28 0.33 

Bo th * 0.50 -3 .7 9 -1 .0 1 0.59 0.51 

Fall Lo cal

Land scape* -0 .5 8 -0 .5 8 0.23 

Bo th -0 .6 0 -0 .5 3 0.38 

REME All Lo cal* -0 .2 8 0.50 0.31 -0 .3 7 0.26 

Land scape -0 .2 5 0.35 -0 .3 5

Bo th 0.47 0.26 

Sp ring Lo cal* 0.66 -0 .4 6

Land scape 0.39 

Bo th 0.78 

Fall Lo cal* 0.35 0.42 

Land scape -0 .5 1

Bo th 0.32 0.29 
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GEOGRAPHICAL VARIATION I N HABIT AT ASS OCIAT IONS

We noted previousl y the pr esence of statisti cal ly si gni ficant geographi cal  vari ati on in local and
landscape habit at variables observed at  the sit e level (e. g. , Figs. 8, 9),  and presume that most of it
refl ect s region-wi de physi cal gradients in maxi mum  and minim um tem perat ures,  pr eci pi tat ion, and
el evati on (which are al so inter cor relat ed am ong them sel ves).   However, since our habitat regression
anal yses wer e conducted at  the poi nt -scale rather than the site-scal e, we shoul d confir m whether
such geogr aphical variation is sti ll  pr esent  at  that  level .  Indeed,  al l but  two (ST FAC4 and
URBDIST ) of the 19 local and landscape habit at var iables showed si gnifi cant geographical
vari ati on,  both fr om  east to west and from  nort h to south (T abl e 45) .  The strongest  coast al -inland
bi ot ic gradi ent s (i. e.,  si gnifi cant cor rel at ions wit h EAST ) included decreasing cact us and incr easing
rocky outcrops and edginess  at the local  scal e, and a shif t from  fewer woodlands to more
gr asslands at the landscape scale.   At a local scale, the pl ant  comm uni ty showed highly si gnifi cant
nort h-sout h var iat ion with respect  to both plant species DCA axes (T abl e 45;  Fi gs.  8, 9), whereas at 
the landscape level our  nort her n
points wer e mor e likely to have
hi gher val ues for LAFAC1 (i. e., 
more exoti c grassl ands and
agri cul tur e)  and lower ones for 
LAFAC2 (i. e. , l ess urbanizat ion).

It  is clear that, for many species of
bi rds and sm all  mamm als,
geography and habi tat combine to
account  for their current
di st ributi on am ong our sam pl ing
points (Tabl es 46,  47).   Of 52 bir d- 
season regressi ons, in nearl y half 
(24)  the additi on of  UT Ms
pr ovided a stat ist icall y signif icant 
incr ease over a pure habit at 
logi sti c model.   I n 16 mam mal-
season regressi ons 8 included
UT Ms in the best model.   F or 
neit her  taxon, however,  di d UTMs
by them sel ves repr esent  the best
model.

Because we always included a
covariate (number of  surveys
conduct ed at  a poi nt ) in every
regr ession, it was possibl e for  a
geographical  model  to appear 
si gnifi cant even though a speci es
di d not  vary in it s distri bution (i. e., 
st at ist ical signif icance was st rictl y

Tabl e 45.  Geographi c vari at ion in habi tat  vari abl es.
Entr ies ar e cor rel at ions bet ween each habi tat vari able and
east  and nor th UTMs (N = 224).  * denot es P < 0.05, **
denotes P < 0.01, *** denotes P  < 0. 001.

Scal e Vari abl e EAST NORT H

Local GC_CRYP  0.22***      -0.09

PC_BNGRS -0.29***       0.12

PC_T REE -0.27***       0.11

ST FAC1 -0.31***      -0.18**

ST FAC2 -0.31***      -0.08

ST FAC3 -0.26***  0.30***

ST FAC4       0.07       0.07

DCA1       0.04  0.44***

DCA2       0.17**      -0.51***

EDGE DIS T  0.41***      -0.15*

URBDIST       0.06       0.02

CACT US -0.39***      -0.02

ROCK  0.43***        0.09

TRAI L       0.04 -0.18**

Landscape LAFAC1      -0.20**       - 0.05

LAFAC 2 -0.34***       - 0.04

LAFAC 3      -0.03       - 0.15*

LAFAC 4       0.08   -0.25***

LAFAC 5       - 0.11    0.32***
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due to the effect of  the covari ate).   S o, we designated a speci es di str ibuti on as si gni ficantly
associated with geography only if one or bot h of the UT Ms had a st at ist icall y signif icant regressi on
coef ficient.   T hus although Bewick s Wr en had a hi ghly signi ficant  geographi cal  regr ession (Table
46),  neither  EAST nor NORT H wer e signif icant  (T abl e 48) , and we conclude that it displays no
spat ial  cl ines in di str ibuti on wit hi n t he survey region.  In many cases, however, EAST and NORT H
were si gni fi cant, im plying that , f or  whatever r eason (we presum e var iat ion i n habi tat i s t he pr incipal
fact or) , m ost species were not uni forml y distri but ed am ong our sam pl ing points. 

Of  the 19 bi rd speci es analyzed for bot h spr ing and fal l, 7 (Calif or nia Gnat cat cher,  Calif or nia
Towhee,  Comm on Busht it,  House Finch,  Lesser Gol dfi nch, Rock Wren, and Spot ted Towhee) did
not include a geographi cal  component  for eit her  season in their  best  model .  Of  the eight sm all 
mamm als, the di str ibuti ons of Cali forni a mice, deer mice, and west er n harvest mice seem ed to be
best  deter mi ned by habi tat  independent of geogr aphy in bot h seasons.   F or bi rds, geography
appeared mor e import ant  in the spr ing; 16 of  30 (54% ) of spr ing models included UT Ms compared
to only 7 of  26 (27% ) fall  ones.  We suspect  that this in part ref lects the general redist ri but ion of
bi rds throughout the region that occurs duri ng the fall , whi ch is influenced by the inf lux of migr ant
indi vidual s and the movement  of  di spersing young-of- the-year .

In some cases for sm all  mamm als, there appeared to be an instabili ty as to which was the best
model across spring- fal l com par isons (e.g. , San Di ego pocket  mouse, dusky- footed woodrat; Table
47).   T his is unexpected for  non-m igrat ory anim als with relatively stable home ranges; the
im portance of geography should not  diff er for spri ng vs. fal l samples.  We expect that thi s may be a
consequence of dif ferences in the ar ray of  sites included in the sam ples for  the two seasons.  We
cont inued to add sit es for  smal l mam mal  sampling each season (T abl e 2),  and it seems possi bl e that 
this af fected the resul ts.   It also implies that our  test is somewhat conser vat ive, so that mam mal 
species that  appeared consistent acr oss seasons real ly wer e consistent. 

Incl usi on of  geogr aphical coordinates can,  i n some cases, al ter  our per cepti on of habit at associat ions
(com par e whi ch var iables have signif icant regressi on coeff icients in Tables 43 and 44 with those in
Tabl es 48 and 49).   For  exam ple, when UTMs are added to the best habitat model for  Anna s
Humm ingbir ds in spri ng,  ST FAC2,  ST FAC3,  and URBDIS T are no longer st ati sti cally si gnifi cant, 
wher eas DCA1, ROCK, and LAFAC3 becom e so.  F or other  speci es, such as Black- chi nned
Spar rows, however,  although inclusion of UTMs adds signifi cantl y to the purely habit at model , no
addi tional  vari abl es enter  or exit .

Al l habitat var iables changed (i.e.,  enter ed or  exit ed a model)  at  least once when compari ng a
si gnifi cant habitat + geography model to a pure habi tat  model (Tables 48, 49).  However , by far  the
most  labil e wer e the two plant speci es DCAs;  wi th the addi ti on of UT Ms,  DCA1 dr opped out of 9
bi rd model s and entered 4,  and DCA2 dropped out  of  8 and ent ered 3.  No ot her vari able ent er ed
and exi ted more than 6 tim es, out of  25 si gnifi cant models in total.   I n mam mal  models (of  which
only 14 were si gni fi cant for  habit at  + geogr aphy) landscape var iables LAFAC1 and LAF AC2 were
the most labile, droppi ng out of 6 each.  Al l four  of these habitat var iables were among the most
hi ghly cor relat ed wi th NORTH and E AS T ( Table 45).

In some cases, addit ion of  UTMs cl ar ifi ed speci es   associati ons.  For exam pl e, CACTUS was
si gnifi cant in the best  Cact us Wren habitat model (T abl e 43) .  However,  both CACTUS (Table 45)
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and Cactus Wrens (Table 48, pur e Geography model) show a str ong coastal  bi as (i .e. , a negati ve
association wit h EAS T).   And while it is cer tai nly plausible that the bird species is associ ated wit h
it s nam esake pl ant , the possibi lit y exi sts that  the associ at ion in Tabl e 43 is spuri ous, due only to
covariation wit h a thir d featur e, di stance from  coast (for  which EAS T is a surr ogate).  However ,
CACT US rem ai ns a signif icant  feature of  Cact us Wren distri bution even when geography is taken
into account  (T abl e 48,  H + G model) , impl yi ng that the association is not  trivial .  In general , then,
we assume that a var iable that rem ai ns signi ficant  i n both pure Habi tat  and H + G model s is likely a
robust associat e of a species  distr ibutional patt er n.

We also note that in many cases (e.g., Cactus Wrens in Table 48, deer mice in Tabl e 49)  UT Ms
remain individuall y signif icant  in an H + G model.   Thi s implies that ther e rem ains geographical
vari ati on in the distri but ion of such a species over  and beyond that  associated wi th any of the habi tat 
vari abl es we have consi der ed.
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Tabl e 46.  L ogi sti c regressi on of bi rd presence/absence on habi tat  and geogr aphical  variabl es,  by season,  and test of signi ficance of
addi tion of var iables of one scale to those of the other scale.  Best  habit at  scale from  Tabl e 41.   H + G  = combined habit at +
geographical  variabl es.   * denotes best  model  for spr ing or fall .   Int . onl y  is total  Chi- squar e; Int.  + cov.  is Chi- square with
covariates f itt ed;  Cov.  is reducti on in Chi-square due t o fit ting covari at es,  which i s t he test of  the signif icance of t he regression.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

ANHU Spri ng Both Habi tat 491. 523 435. 646 55.876 20 <0.001 72.7% 29.871 2 <0.001
Geography 491. 523 462. 144 29.379 3 <0.001 66.6% 56.369 19 <0.001
H + G * 491. 523 405. 775 85.747 22 <0.001 77.9%

Fall Local Habi tat 389. 109 314. 803 74.306 15 <0.001 78.6% 9. 731 2 0. 008
Geography 389. 109 382. 987 6. 121 3 0. 106 55.0% 77.915 14 <0.001
H + G * 389. 109 305. 072 84.037 17 <0.001 80.9%

BCSP Spri ng Local Habi tat  * 504. 615 318. 443 186. 172 15 <0.001 87.8% 1. 769 2 0. 413
Geography 504. 615 433. 184 71.431 3 <0.001 73.9% 116. 510 14 <0.001
H + G 504. 615 316. 674 187. 941 17 <0.001 88.3%

BE WR Spri ng Local Habi tat 522. 49 445. 286 77.204 15 <0.001 75.7% 9. 671 2 0. 008
Geography 522. 49 491. 656 30.834 3 <0.001 64.4% 56.041 14 <0.001
H + G * 522. 49 435. 615 86.875 17 <0.001 76.1%

Fall Both Habi tat  * 337. 022 298. 26 38.763 20 0. 007 74.2% 0. 319 2 0. 853
Geography 337. 022 317. 016 20.007 3 <0.001 66.2% 19.075 19 0. 452
H + G 337. 022 297. 941 39.082 22 0. 014 74.3%
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Tabl e 46.  Cont inued.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

BGGN Fall Local Habi tat 233. 393 165. 535 67.857 15 <0.001 86.8% 6. 462 2 0. 040
Geography 233. 393 186. 68 46.712 3 <0.001 79.5% 27.607 14 0. 016
H + G * 233. 393 159. 073 74.32 17 <0.001 88.2%

BHGR Spri ng Landscape Habi tat 260. 893 236. 454 24.439 6 <0.001 72.0% 8. 405 2 0. 015
Geography 260. 893 256. 518 4. 375 3 0. 224 58.5% 28.469 5 <0.001
H + G * 260. 893 228. 049 32.844 8 <0.001 75.8%

CACW Spri ng Both Habi tat 430. 826 319. 311 111. 514 20 <0.001 85.0% 12.404 2 0. 002
Geography 430. 826 362. 618 68.207 3 <0.001 77.8% 55.711 19 <0.001
H + G * 430. 826 306. 907 123. 919 22 <0.001 86.5%

CAGN Spri ng Both Habi tat  * 322. 285 268. 672 53.613 20 <0.001 79.5% 0. 855 2 0. 652
Geography 322. 285 318. 808 3. 477 3 0. 324 56.6% 50.991 19 <0.001
H + G 322. 285 267. 817 54.468 22 <0.001 79.4%

Fall Both (NS) Habi tat 157. 087 130. 318 26.769 20 0. 142 79.8% 2. 709 2 0. 258
Geography 157. 087 155. 301 1. 786 3 0. 618 51.0% 27.692 19 0. 090
H + G 157. 087 127. 609 29.478 22 0. 132 82.5%

CALT Spri ng Local Habi tat  * 378. 409 139. 739 238. 67 15 <0.001 65.0% 4. 207 2 0. 122
Geography 378. 409 172. 245 206. 164 3 <0.001 84.0% 36.713 14 0. 001
H + G 378. 409 135. 532 242. 877 17 <0.001 62.7%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

CALT Spri ng Landscape Habi tat  * 378. 409 164. 891 213. 519 6 <0.001 85.0% 2. 381 2 0. 304
Geography 378. 409 172. 245 206. 164 3 <0.001 84.0% 9. 735 5 0. 083
H + G 378. 409 162. 51 215. 899 8 <0.001 83.4%

Fall Both Habi tat 389. 109 312. 383 76.726 20 <0.001 78.9% 13.243 2 0. 001
Geography 389. 109 382. 987 6. 121 3 0. 106 55.0% 83.847 19 <0.001
H + G * 389. 109 299. 14 89.969 22 <0.001 81.7%

CANW Spri ng Both Habi tat 257. 431 134. 421 123. 009 20 <0.001 94.7% 13.021 2 0. 001
Geography 257. 431 152. 733 104. 698 3 <0.001 92.2% 31.333 19 0. 037
H + G * 257. 431 121. 4 136. 031 22 <0.001 95.3%

CAQU Spri ng Both Habi tat 559. 622 480. 423 79.199 20 <0.001 74.7% 10.535 2 0. 005
Geography 559. 622 521. 315 38.307 3 <0.001 67.6% 51.427 19 <0.001
H + G * 559. 622 469. 888 89.734 22 <0.001 76.2%

Fall Both Habi tat  * 236. 898 191. 964 44.935 20 0. 001 80.6% 4. 382 2 0. 112
Geography 236. 898 216. 072 20.827 3 <0.001 70.2% 28.490 19 0. 074
H + G 236. 898 187. 582 49.316 22 0. 001 81.8%

CATH Spri ng Both Habi tat 556. 554 457. 562 98.992 20 <0.001 78.6% 7. 070 2 0. 029
Geography 556. 554 530. 866 25.688 3 <0.001 63.9% 80.374 19 <0.001
H + G * 556. 554 450. 492 106. 062 22 <0.001 79.2%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

CATH Fall Local Habi tat 255. 423 198. 008 57.415 15 <0.001 81.0% 9. 025 2 0. 011
Geography 255. 423 218. 973 36.45 3 <0.001 73.3% 29.990 14 0. 008
H + G * 255. 423 188. 983 66.44 17 <0.001 83.9%

COBU Spri ng Local Habi tat  * 507. 589 476. 919 30.67 15 0. 010 67.0% 1. 266 2 0. 531
Geography 507. 589 496. 992 10.597 3 0. 014 57.0% 21.339 14 0. 093
H + G 507. 589 475. 653 31.936 17 0. 015 67.1%

Fall Landscape Habi tat  * 288. 93 271. 098 17.831 6 0. 007 66.7% 2. 364 2 0. 307
Geography 288. 93 278. 87 10.059 3 0. 018 61.2% 10.136 5 0. 071
H + G 288. 93 268. 734 20.196 8 0. 010 66.9%

COHU Spri ng Local Habi tat  * 497. 469 439. 223 58.245 15 <0.001 73.0% 1. 333 2 0. 514
Geography 497. 469 461. 801 35.668 3 <0.001 66.9% 23.911 14 0. 047
H + G 497. 469 437. 89 59.578 17 <0.001 73.2%

COYE Spri ng Both Habi tat  * 291. 27 244. 26 47.009 20 0. 001 77.5% 5. 505 2 0. 064
Geography 291. 27 279. 56 11.709 3 0. 008 65.3% 40.805 19 0. 003
H + G 291. 27 238. 755 52.515 22 <0.001 79.3%

HOFI Spri ng Both Habi tat  * 536. 336 440. 422 95.914 20 <0.001 78.3% 4. 716 2 0. 095
Geography 536. 336 523. 197 13.139 3 0. 004 58.9% 87.491 19 <0.001
H + G 536. 336 435. 706 100. 629 22 <0.001 79.3%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

HOFI Fall Both Habi tat  * 375. 284 318. 019 57.265 20 <0.001 76.0% 4. 651 2 0. 098
Geography 375. 284 366. 942 8. 342 3 0. 039 60.3% 53.574 19 <0.001
H + G 375. 284 313. 368 61.916 22 <0.001 76.9%

LAZB Spri ng Both Habi tat  * 406. 84 309. 618 97.222 20 <0.001 81.9% 0. 200 2 0. 905
Geography 406. 84 336. 846 69.995 3 <0.001 76.5% 27.428 19 0. 095
H + G 406. 84 309. 418 97.422 22 <0.001 82.0%

LE GO Spri ng Landscape Habi tat  * 554. 133 515. 031 39.102 6 <0.001 68.1% 3. 444 2 0. 179
Geography 554. 133 530. 043 24.09 3 <0.001 62.6% 18.456 5 0. 002
H + G 554. 133 511. 587 42.546 8 <0.001 68.8%

Fall Both Habi tat  * 279. 878 232. 347 47.531 20 <0.001 77.4% 2. 680 2 0. 262
Geography 279. 878 264. 272 15.606 3 0. 001 64.2% 34.605 19 0. 016
H + G 279. 878 229. 667 50.211 22 0. 001 77.7%

MODO Spri ng Both Habi tat  * 520. 84 469. 644 51.196 20 <0.001 71.3% 1. 611 2 0. 447
Geography 520. 84 512. 935 7. 905 3 0. 048 56.0% 44.902 19 0. 001
H + G 520. 84 468. 033 52.807 22 <0.001 71.7%

NOFL Spri ng Local Habi tat 285. 975 237. 102 48.873 15 <0.001 77.8% 13.247 2 0. 001
Geography 285. 975 261. 836 24.139 3 <0.001 69.1% 37.981 14 0. 001
H + G * 285. 975 223. 855 62.12 17 <0.001 81.1%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

NOFL Fall Local Habi tat  * 329. 845 253. 677 76.168 15 <0.001 81.9% 1. 498 2 0. 473
Geography 329. 845 278. 371 51.474 3 <0.001 77.2% 26.192 14 0. 024
H + G 329. 845 252. 179 77.665 17 <0.001 82.3%

NOMO Spri ng Both Habi tat 530. 41 436. 418 93.992 20 <0.001 78.3% 11.345 2 0. 003
Geography 530. 41 527. 384 3. 026 3 0. 388 55.1% 102. 311 19 <0.001
H + G * 530. 41 425. 073 105. 337 22 <0.001 79.7%

Fall Local Habi tat  * 236. 555 190. 781 45.774 15 <0.001 80.6% 0. 573 2 0. 751
Geography 236. 555 228. 127 8. 428 3 0. 038 62.0% 37.919 14 0. 001
H + G 236. 555 190. 208 46.347 17 <0.001 80.6%

OCWA Spri ng Both Habi tat 298. 125 191. 432 106. 692 20 <0.001 87.8% 11.445 2 0. 003
Geography 298. 125 240. 306 57.818 3 <0.001 79.8% 60.319 19 <0.001
H + G * 298. 125 179. 987 118. 137 22 <0.001 89.4%

PHAI Spri ng Local Habi tat 267. 979 225. 841 42.138 15 <0.001 77.6% 10.664 2 0. 005
Geography 267. 979 242. 443 25.536 3 <0.001 68.6% 27.266 14 0. 018
H + G * 267. 979 215. 177 52.802 17 <0.001 80.3%

RCKI Fall Both Habi tat  * 198. 511 148. 088 50.423 20 <0.001 83.9% 0. 783 2 0. 676
Geography 198. 511 176. 259 22.252 3 <0.001 72.3% 28.954 19 0. 067
H + G 198. 511 147. 305 51.206 22 <0.001 84.3%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

RCSP Spri ng Both Habi tat 554. 69 471. 64 83.049 20 <0.001 76.1% 19.854 2 <0.001
Geography 554. 69 492. 383 62.307 3 <0.001 73.4% 40.597 19 0. 003
H + G * 554. 69 451. 786 102. 904 22 <0.001 79.3%

Fall Local Habi tat  * 191. 134 162. 94 28.194 15 0. 020 77.7% 4. 341 2 0. 114
Geography 191. 134 174. 375 16.759 3 0. 001 72.4% 15.776 14 0. 327
H + G 191. 134 158. 599 32.535 17 0. 013 79.1%

ROWR Spri ng Local Habi tat  * 175. 945 83.994 91.951 15 <0.001 97.0% 1. 773 2 0. 412
Geography 175. 945 117. 799 58.146 3 <0.001 89.5% 35.578 14 0. 001
H + G 175. 945 82.221 93.724 17 <0.001 97.1%

Fall Local Habi tat  * 195. 839 86.719 109. 12 15 <0.001 96.7% 0. 263 2 0. 877
Geography 195. 839 126. 111 69.728 3 <0.001 89.7% 39.655 14 <0.001
H + G 195. 839 86.456 109. 383 17 <0.001 96.7%

SAGS Spri ng Both Habi tat 419. 983 224. 706 195. 277 20 <0.001 93.5% 21.766 2 <0.001
Geography 419. 983 277. 358 142. 626 3 <0.001 88.3% 74.418 19 <0.001
H + G * 419. 983 202. 94 217. 043 22 <0.001 94.4%

Fall Landscape Habi tat  * 169. 139 86.217 82.922 6 <0.001 94.5% 3. 923 2 0. 141
Geography 169. 139 106. 746 62.393 3 <0.001 88.5% 24.452 5 <0.001
H + G 169. 139 82.294 86.845 8 <0.001 95.3%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

SCJA Spri ng Both Habi tat 467. 382 378. 698 88.684 20 <0.001 79.5% 7. 497 2 0. 024
Geography 467. 382 421. 14 46.242 3 <0.001 70.4% 49.939 19 <0.001
H + G * 467. 382 371. 201 96.181 22 <0.001 80.1%

Fall Both Habi tat  * 290. 113 195. 976 94.136 20 <0.001 88.0% 1. 910 2 0. 385
Geography 290. 113 264. 818 25.295 3 <0.001 69.0% 70.752 19 <0.001
H + G 290. 113 194. 066 96.047 22 <0.001 88.2%

SOSP Spri ng Both Habi tat  * 443. 529 394. 799 48.73 20 <0.001 73.2% 5. 764 2 0. 056
Geography 443. 529 423. 039 20.49 3 <0.001 64.3% 34.004 19 0. 018
H + G 443. 529 389. 035 54.494 22 <0.001 74.8%

SP TO Spri ng Local Habi tat  * 461. 684 293. 564 168. 12 15 <0.001 87.4% 5. 924 2 0. 052
Geography 461. 684 360. 249 101. 435 3 <0.001 80.7% 72.609 14 <0.001
H + G 461. 684 287. 64 174. 044 17 <0.001 88.0%

Fall Local Habi tat  * 320. 868 253. 686 67.182 15 <0.001 79.8% 1. 322 2 0. 516
Geography 320. 868 289. 497 31.371 3 <0.001 70.8% 37.133 14 0. 001
H + G 320. 868 252. 364 68.504 17 <0.001 80.0%

WCSP Spri ng Local Habi tat 484. 802 406. 684 78.118 15 <0.001 77.5% 7. 347 2 0. 025
Geography 484. 802 430. 995 53.807 3 <0.001 73.5% 31.658 14 0. 004
H + G * 484. 802 399. 337 85.465 17 <0.001 77.8%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

WCSP Fall Landscape Habi tat  * 358. 501 316. 449 42.052 6 <0.001 72.5% 3. 450 2 0. 178
Geography 358. 501 339. 703 18.798 3 <0.001 65.1% 26.704 5 <0.001
H + G 358. 501 312. 999 45.502 8 <0.001 73.6%

Fall Both Habi tat  * 358. 501 293. 405 65.096 20 <0.001 78.0% 0. 007 2 0. 997
Geography 358. 501 339. 703 18.798 3 <0.001 65.1% 46.305 19 <0.001
H + G 358. 501 293. 398 65.103 22 <0.001 77.9%

WE ME Spri ng Both Habi tat 418. 586 345. 506 73.08 20 <0.001 79.4% 25.967 2 <0.001
Geography 418. 586 362. 502 56.084 3 <0.001 73.3% 42.963 19 0. 001
H + G * 418. 586 319. 539 99.047 22 <0.001 83.5%

Fall Local Habi tat 166. 858 116 50.858 15 <0.001 87.0% 9. 439 2 0. 009
Geography 166. 858 134. 658 32.2 3 <0.001 82.4% 28.097 14 0. 014
H + G * 166. 858 106. 561 60.297 17 <0.001 90.4%

WREN Spri ng Both Habi tat 511. 908 256. 014 255. 894 20 <0.001 93.2% 117. 632 2 <0.001
Geography 511. 908 299. 809 212. 1 3 <0.001 90.8% 161. 427 19 <0.001
H + G * 511. 908 138. 382 373. 526 22 <0.001 84.1%

Fall Both Habi tat 445. 427 248. 061 197. 366 20 <0.001 90.5% 85.549 2 <0.001
Geography 445. 427 297. 04 148. 387 3 <0.001 84.6% 134. 528 19 <0.001
H + G * 445. 427 162. 512 282. 915 22 <0.001 93.3%
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Tabl e 46. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

YRWA Spri ng Local Habi tat  * 144. 651 110. 483 34.169 15 0. 003 82.3% 3. 356 2 0. 187
Geography 144. 651 138. 852 5. 8 3 0. 122 62.9% 31.725 14 0. 004
H + G 144. 651 107. 127 37.524 17 0. 003 83.4%

Fall Both Habi tat 400. 889 273. 539 127. 35 20 <0.001 84.6% 23.556 2 <0.001
Geography 400. 889 296. 137 104. 753 3 <0.001 81.4% 46.154 19 <0.001
H + G * 400. 889 249. 983 150. 906 22 <0.001 87.1%
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Tabl e 47.  L ogi sti c regressi on of mammal presence/ absence on habit at  and geographi cal  var iables, by season,  and test of signif icance of
addi tion of var iables of one scale to those of the other scale.  Best  habit at  scale from  Tabl e 42.   H + G  = combined habit at +
geographical  variabl es.   * denotes best  model  for spr ing or fall .  I nt.  only  is tot al Chi-square; Int . + cov.  is Chi -square wi th
covariates f itt ed;  Cov.  is reducti on in Chi-square due t o fit ting covari at es,  which i s t he test of  the signif icance of t he regression.

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

CHFA Al l Both Habi tat 472. 086 293. 496 178. 590 20 <0.001 89.6% 7. 531 2 0. 023
Geography 472. 086 351. 118 120. 968 3 <0.001 84.1% 65.153 19 <0.001
H + G * 472. 086 285. 965 186. 121 22 <0.001 90.2%

Spri ng Local Habi tat  * 310. 433 196. 203 114. 231 15 <0.001 88.6% 5. 009 2 0. 082
Geography 310. 433 226. 499 83.935 3 <0.001 84.7% 35.305 14 0. 001
H + G 310. 433 191. 194 119. 239 17 <0.001 89.5%

Fall Both Habi tat 333. 653 184. 074 149. 579 20 <0.001 91.4% 12.313 2 0. 002
Geography 333. 653 219. 185 114. 467 3 <0.001 87.4% 47.424 19 <0.001
H + G * 333. 653 171. 761 161. 892 22 <0.001 92.9%

DI AG Al l Both Habi tat 390. 084 195. 105 194. 979 20 <0.001 94.9% 23.430 2 <0.001
Geography 390. 084 254. 313 135. 770 3 <0.001 89.3% 82.638 19 <0.001
H + G * 390. 084 171. 675 218. 409 22 <0.001 95.8%

Spri ng Both Habi tat 491. 523 435. 646 55.876 20 <0.001 72.7% 29.871 2 <0.001
Geography 491. 523 462. 144 29.379 3 <0.001 66.6% 56.369 19 <0.001
H + G * 491. 523 405. 775 85.747 22 <0.001 77.9%
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Tabl e 47. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

DI AG Fall Both Habi tat 285. 774 121. 991 163. 783 20 <0.001 95.9% 16.828 2 <0.001
Geography 285. 774 168. 168 117. 606 3 <0.001 90.3% 63.005 19 <0.001
H + G * 285. 774 105. 163 180. 611 22 <0.001 96.9%

NE FU Al l Local Habi tat 372. 246 247. 498 124. 747 15 <0.001 89.0% 11.757 2 0. 003
Geography 372. 246 301. 152 71.094 3 <0.001 81.2% 65.411 14 <0.001
H + G * 372. 246 235. 741 136. 505 17 <0.001 89.7%

Spri ng Local Habi tat  * 239. 256 151. 822 87.434 15 <0.001 88.8% 5. 664 2 0. 059
Geography 239. 256 192. 524 46.732 3 <0.001 79.8% 46.366 14 <0.001
H + G 239. 256 146. 158 93.098 17 <0.001 89.4%

Fall Both Habi tat 256. 676 133. 487 123. 189 20 <0.001 92.9% 11.021 2 0. 004
Geography 256. 676 188. 425 68.251 3 <0.001 84.2% 65.959 19 <0.001
H + G * 256. 676 122. 466 134. 21 22 <0.001 94.1%

NE LE Al l Both Habi tat 493. 484 401. 104 92.38 20 <0.001 79.6% 19.627 2 <0.001
Geography 493. 484 452. 502 40.982 3 <0.001 69.3% 71.025 19 <0.001
H + G * 493. 484 381. 477 112. 007 22 <0.001 82.3%

Spri ng Both Habi tat 346. 333 256. 308 90.025 20 <0.001 83.4% 25.785 2 <0.001
Geography 346. 333 278. 003 68.329 3 <0.001 78.3% 47.480 19 <0.001
H + G * 346. 333 230. 523 115. 809 22 <0.001 86.7%
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Tabl e 47. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

NE LE Fall Local Habi tat 332. 682 279. 12 53.562 15 <0.001 76.9% 7. 563 2 0. 023
Geography 332. 682 321. 695 10.987 3 0. 012 62.0% 50.138 14 <0.001
H + G * 332. 682 271. 557 61.125 17 <0.001 78.0%

PE CA Al l Local Habi tat  * 437. 174 264. 315 172. 86 15 <0.001 90.6% 1. 371 2 0. 504
Geography 437. 174 352. 895 84.28 3 <0.001 79.0% 89.951 14 <0.001
H + G 437. 174 262. 944 174. 23 17 <0.001 90.8%

Spri ng Local Habi tat  * 299. 628 185. 884 113. 745 15 <0.001 89.1% 0. 548 2 0. 760
Geography 299. 628 245. 121 54.508 3 <0.001 76.1% 59.785 14 <0.001
H + G 299. 628 185. 336 114. 293 17 <0.001 89.0%

Fall Local Habi tat  * 313. 388 146. 959 166. 429 15 <0.001 93.7% 1. 490 2 0. 475
Geography 313. 388 236. 14 77.248 3 <0.001 79.2% 90.671 14 <0.001
H + G 313. 388 145. 469 167. 919 17 <0.001 93.5%

PE ER Al l Local Habi tat  * 533. 338 433. 472 99.866 15 <0.001 77.8% 0. 075 2 0. 963
Geography 533. 338 477. 354 55.985 3 <0.001 70.1% 43.957 14 <0.001
H + G 533. 338 433. 397 99.942 17 <0.001 77.8%

Spri ng Local Habi tat  * 363. 586 268. 513 95.073 15 <0.001 81.9% 1. 087 2 0. 581
Geography 363. 586 296. 183 67.403 3 <0.001 74.5% 28.757 14 0. 011
H + G 363. 586 267. 426 96.16 17 <0.001 82.1%
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Tabl e 47. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

PE ER Fall Local Habi tat  * 350. 603 287. 812 62.79 15 <0.001 78.1% 1. 054 2 0. 590
Geography 350. 603 326. 404 24.199 3 <0.001 66.5% 39.646 14 <0.001
H + G 350. 603 286. 758 63.845 17 <0.001 78.4%

PE MA Al l Both Habi tat 426. 618 289. 928 136. 69 20 <0.001 88.1% 26.916 2 <0.001
Geography 426. 618 330. 564 96.054 3 <0.001 82.9% 67.552 19 <0.001
H + G * 426. 618 263. 012 163. 606 22 <0.001 91.2%

Spri ng Both Habi tat 295. 207 124. 89 170. 317 20 <0.001 95.2% 23.079 2 <0.001
Geography 295. 207 208. 896 86.311 3 <0.001 85.6% 107. 085 19 <0.001
H + G * 295. 207 101. 811 193. 397 22 <0.001 97.0%

Fall Landscape Habi tat 294. 074 228. 805 65.268 6 <0.001 81.2% 20.006 2 <0.001
Geography 294. 074 227. 049 67.025 3 <0.001 82.3% 18.250 5 0. 003
H + G * 294. 074 208. 799 85.275 8 <0.001 85.9%

Both Habi tat 294. 074 206. 213 87.861 20 <0.001 85.6% 21.952 2 <0.001
Geography 294. 074 227. 049 67.025 3 <0.001 82.3% 42.788 19 0. 001
H + G 294. 074 184. 261 109. 813 22 <0.001 82.9%

RE ME Al l Local Habi tat  * 269. 519 220. 101 49.418 15 <0.001 80.5% 1. 182 2 0. 554
Geography 269. 519 266. 8 2. 72 3 0. 437 56.3% 47.881 14 <0.001
H + G 269. 519 218. 919 50.6 17 <0.001 80.7%
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Tabl e 47. Conti nued. 

Logi sti c Regression Result s

-2 L OG L Chi- sq. 
Test  of  Addi tion of
Ot her Vari able Set Species Season

Best 
Habi tat 
Scal e

Feat ure

Int.  only Int. +cov. Cov. df P
Regr ession

Concordance Chi- sq. df P

RE ME Spri ng Local Habi tat  * 153. 253 120. 044 33.209 15 0. 004 82.7% 1. 664 2 0. 435
Geography 153. 253 148. 628 4. 625 3 0. 201 59.5% 30.248 14 0. 007
H + G 153. 253 118. 38 34.873 17 0. 006 83.1%

Fall Local Habi tat  * 189. 532 151. 752 37.78 15 0. 001 82.4% 0. 482 2 0. 786
Geography 189. 532 185. 601 3. 931 3 0. 269 59.6% 34.331 14 0. 002
H + G 189. 532 151. 27 38.262 17 0. 002 82.3%
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Table 4 8.  Stan dar dized  lo gistic r eg res sio n coefficients f or  bird pr esence/absence o n local and  land scape habitat variables and  geog rap hical co ord in ates, by  seaso n.  See
Tables 3, 4, 8, an d 12 for  d escrip tions  of  s tru ctu ral and lands cap e var iab les and pr incipal com pon en ts; see Fig s. 6 and  7 fo r d escription of  plant s pecies  D CAs .  On ly
mo dels for  w hich the ad ditio n o f g eo graphical coor dinates was s tatis tically sig nif icant (s ee Table 4 6) are s how n.  Only  statistically s ign if icant (P  < 0.0 5)  co eff icien ts
sh ow n.  No  r egr ess io n includ ed TRA IL as  sign ifican t.
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AN HU Sp ring Bo th 0.31 0.26 0.34 -0 .1 8 0.30 -0 .8 2 -1 .0 8

Fall Lo cal 0.44 -0 .9 2 -0 .5 8

BEWR Sp ring Lo cal -0 .1 8 0.38 -0 .3 2 -0 .2 1 0.35 0.53 

BG GN Fall Lo cal 0.30 0.39 0.73 

BH GR Sp ring Land scape 0.35 0.28 -0 .3 5

CA CW Sp ring Bo th -0 .4 1 0.46 -0 .3 9 -0 .5 9

CA LT Fall Bo th 0.51 -0 .9 1 -0 .4 1 -0 .7 4

CA NW Sp ring Bo th 0.85 -0 .9 7 -0 .9 5 2.01 

CA QU Sp ring Bo th 0.19 -0 .4 9 -0 .2 6 -0 .2 1 0.17 0.45 0.55 

CA TH Sp ring Bo th 0.22 0.28 -0 .3 2 -0 .3 2

Fall Lo cal -0 .2 6 0.35 0.39 -0 .8 0 -0 .6 6

NO FL Sp ring Lo cal 0.40 0.18 -0 .3 8 -0 .3 8 0.35 -0 .8 9
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Table 4 8.  Continu ed 

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape Geog rap hy
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NO MO Sp ring Bo th -0 .4 6 0.40 -0 .1 9 0.22 0.21 -0 .5 5

OCWA Sp ring Bo th -0 .7 8 -0 .6 3 -0 .6 3 -1 .2 0

PH AI Sp ring Lo cal 0.40 -0 .4 5 -0 .8 4

RCSP Sp ring Bo th 0.42 -0 .2 4 0.72 0.64 

SA GS Sp ring Bo th 0.41 -0 .6 5 -1 .6 7 -0 .8 0 1.27 1.48 

SCJA Sp ring Bo th 0.25 0.38 -0 .5 7

WCSP Sp ring Lo cal -0 .3 4 -0 .2 3 0.36 

WEME Sp ring Bo th 0.21 -0 .3 8 0.27 0.43 1.11 

Fall Lo cal 0.42 0.54 1.62 

WREN Sp ring Bo th 0.61 -0 .5 2 -0 .4 2 0.88 -0 .8 2 0.93 0.41 -0 .5 1 0.36 -1 .4 2 -3 .8 8

Fall Bo th 0.35 0.54 -0 .6 2 1.01 0.68 0.50 0.28 -2 .5 5

YRWA Fall Bo th -0 .3 0 -0 .4 5 -0 .5 0 -1 .1 2
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Table 4 9.  Stan dar dized  lo gistic r eg res sio n coefficients f or  mammal presen ce/ab sen ce on  lo cal and lands cap e hab itat var iab les and geogr aph ical coo rd inates , by
seas on.  See Tables 3, 4, 8, an d 1 2 for  descrip tio ns  of  stru ctu ral and lan ds cap e v ar iab les  and principal com pon ents; see F ig s. 6 and  7 for  d escrip tion of plant
sp ecies  DCAs .  Only mod els  f or which  th e add ition of  geogr ap hical co ord inates w as statistically  sign ifican t (see Tab le 47)  are sho wn .  Only statis tically
sign ifican t (P < 0 .0 5) coeff icients sho wn.  No reg ression in clu ded  P C_BNGRS or LAF AC5 as s ig nif icant.

Stan dar dized  Regress ion  Co ef ficien ts 

Lo cal Land scape Geog rap hy
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CH FA All Bo th 0.38 -0 .4 4 -0 .6 8 0.35 0.72 

Fall Bo th -0 .3 6 -0 .5 4 0.44 0.35 1.13 0.59 

DI AG All Bo th 0.47 0.42 0.38 -0 .4 9 -1 .6 3 2.71 2.38 

Sp ring Bo th 0.31 0.26 0.34 -0 .1 8 0.30 0.82 1.08 

Fall Bo th 0.71 0.49 -2 .2 7 2.75 2.26 

NEFU All Lo cal 1.01 -0 .5 2 -0 .7 2 -1 .0 1

Fall Bo th 0.92 -0 .5 4 -0 .6 7 0.52 0.54 -1 .4 7 -1 .3 5

NELE All Bo th -0 .2 1 0.52 -0 .2 3 0.28 0.35 0.27 0.51 -0 .6 6

Sp ring Bo th 0.35 0.32 0.40 -0 .9 9

Fall Lo cal 0.51 -0 .2 3 0.28 0.59 -0 .4 5

PEMA All Bo th 0.49 -0 .3 2 -0 .3 0 -0 .9 6 1.52 1.26 

Sp ring Bo th 0.64 -0 .5 3 -4 .6 6 1.28 3.24 1.83 

Fall Land scape -0 .5 2 0.90 

Fall Bo th 0.59 -0 .3 4 -0 .7 3 1.55 1.09 
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COM MUNIT Y PAT TE RNS 

We foll owed a simi lar stat istical pr ocess to detect rel ati onshi ps between overall bi rd or mammal
comm uni ty variation and major habi tat feat ur es.   As an index to comm uni ty composit ion, we used
each point s score on each of the fi rst  two DCA axis for bir ds or mammals for each year  and season
of  sampling (scores sum mar ized in Fi gs.  18, 23,  24, and 27).   T hese scores were fi rst regr essed on
local and landscape habitat var iables (usi ng li near mul tiple regression si nce scor es were conti nuous
rather than dichot om ous or  ordi nal  vari abl es) to det erm ine the best fit ting model.   The scor es wer e
then regressed on the best  habi tat  model and UT M coordi nat es to determi ne the extent  of 
geographic vari ati on.

In all but  one case examined (Birds,  Fall 1996,  DCA2) local var iables generated a hi gher R2 than
landscape variables (Table 50).   However, in about  half  of  the rem ai ning cases,  landscape variables
di d,  indeed,  contr ibute to expl aining a st at ist icall y signif icant am ount of rem aining vari at ion in
anim al- habit at rel at ionshi ps.  There was a greater  tendency for  landscape variables to be invol ved
wi th fi rst  DCAs; t hey appear ed as si gni ficant i n onl y t wo of  ni ne model s of second DCAs.

For bot h bir ds and smal l mam mal s, fi rst  DCAs invar iably had higher  R2 for  best model s than did
second DCAs (Table 50),  and usuall y had more si gni fi cant habitat var iables associated with them 
(T able 51) .  For bir ds,  both pl ant  species DCAs, ROCK, and LAFAC2 appeared most  of ten to be
si gnifi cant,  whereas for m am mal s, ST FAC1 appear ed most oft en (T abl e 51) .

Incl usi on of  UT Ms to the best habi tat model explai ned an additi onal statisti cal ly si gni ficant amount 
of  vari ati on in comm uni ty composit ion in about hal f the cases, sli ghtly more so for bir ds than
mamm als (T able 52) .  In al l cases,  however , habitat generated a hi gher R2 than geography di d. 
Geography occur red as import ant  in spri ng DCAs about  the sam e as fal l ones, but  far mor e for  fi rst 
DCAs than second ones ( 8 vs.  1) .

For bir ds,  although som e indivi dual habitat var iables were signifi cant,  none seemed to show up
more fr equently than ot her s (Table 53).   However, UT Ms wer e signif icant  for fir st DCAs in al l five
sampling per iods, im plying that  avian comm unity composi tion continued to var y geographi cal ly
over  and above var iation accounted for by our habi tat vari ables.  Li kewise for mam mals,  UT Ms
were si gni fi cant f or  fi rst  DCAs in t hree out  of  four  periods.  STF AC1 also appeared som ewhat  more
of ten t han other habitat var iables.
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Table 5 0.  Multiple reg res sion of bird and  m amm al co mmu nity Detren ded Corr es pon den ce An aly sis s cor es  on  lo cal and lands cap e hab itat var iab les, by seaso n,
an d tes t o f sig nif icance o f add ition  of  variables of  on e s cale to th ose of  the oth er  scale.  * den otes bes t mod el.

Test of  Ad ditio n o f
Mu ltiple Reg res sio n Res ults

Other v ariab le setTaxo n Seas on Ax is To tal d f Scale
To tal S S Mo del S S Er ro r S S

Mo del
df 

F P R2 F- to -en ter P

Bird Sp ring 199 5 DCA1 11 8 Lo cal 28 .0 363 5 19 .6 153 6 8.42 1 14 17 .3 04 <0 .0 01 70 .0 % 3.68 5 0.00 4
11 8 Land scape 28 .0 363 5 17 .3 884 3 10 .6 48 5 36 .9 07 <0 .0 01 62 .0 % 3.53 4 0.00 6
11 8 Bo th  * 28 .0 363 5 20 .9 366 1 7.10 0 19 15 .3 65 <0 .0 01 74 .7 %

Bird Sp ring 199 5 DCA2 11 8 Lo cal * 17 .1 552 8 6.51 191 7 10 .6 43 14 4.54 5 <0 .0 01 38 .0 % 3.10 8 0.01 2
11 8 Land scape 17 .1 552 8 5.28 029 6 11 .8 75 5 10 .0 49 <0 .0 01 30 .8 % 2.05 7 0.07 7
11 8 Bo th 17 .1 552 8 7.95 594 4 9.19 9 19 4.50 6 <0 .0 01 46 .4 %

Bird Fall 19 95 DCA1 11 8 Lo cal * 49 .7 84 36 .6 71 13 .1 13 14 20 .7 73 <0 .0 01 73 .7 % 2.25 4 0.05 5
11 8 Land scape 49 .7 84 29 .7 55 20 .0 30 5 33 .5 73 <0 .0 01 59 .8 % 4.95 9 <0 .0 01
11 8 Bo th 49 .7 84 38 .0 11 11 .7 73 19 16 .8 23 <0 .0 01 76 .4 %

Bird Fall 19 95 DCA2 11 8 Lo cal 22 .6 081 4 3.03 105 3 19 .5 77 14 1.15 0 0.32 5 13 .4 % 1.82 4 0.11 5
11 8 Land scape 22 .6 081 4 1.29 072 21 .3 17 5 1.36 8 0.24 2 5.7% 1.33 8 0.25 5
11 8 Bo th 22 .6 081 4 4.68 217 1 17 .9 26 19 1.36 1 0.16 5 20 .7 %

Bird Sp ring 199 6 DCA1 10 6 Lo cal 24 .0 275 4 17 .2 900 4 6.73 7 14 16 .8 64 <0 .0 01 72 .0 % 3.99 1 0.00 3
10 6 Land scape 24 .0 275 4 14 .7 178 6 9.31 0 5 31 .9 35 <0 .0 01 61 .3 % 4.34 2 0.00 1
10 6 Bo th  * 24 .0 275 4 18 .5 471 1 5.48 0 19 15 .4 96 <0 .0 01 77 .2 %

Bird Sp ring 199 6 DCA2 10 6 Lo cal * 10 .6 962 3 3.23 469 4 7.46 2 14 2.84 9 0.00 1 30 .2 % 1.39 6 0.23 4
10 6 Land scape 10 .6 962 3 1.96 359 8.73 3 5 4.54 2 0.00 1 18 .4 % 1.64 2 0.15 7
10 6 Bo th 10 .6 962 3 3.78 895 8 6.90 7 19 2.51 2 0.00 2 35 .4 %

Bird Fall 19 96 DCA1 10 4 Lo cal 82 .0 06 48 .9 62 33 .0 45 14 9.52 5 <0 .0 01 59 .7 % 3.35 8 0.00 8
10 4 Land scape 82 .0 06 40 .3 739 7 41 .6 32 5 19 .2 02 <0 .0 01 49 .2 % 3.08 9 0.01 3
10 4 Bo th  * 82 .0 06 54 .4 12 27 .5 94 19 8.82 2 <0 .0 01 66 .4 %
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Table 5 0.  Continu ed .

Test of  Ad ditio n o f
Mu ltiple Reg res sio n Res ults

Other v ariab le setTaxo n Seas on Ax is To tal d f Scale
To tal S S Mo del S S Er ro r S S

Mo del
df 

F P R2 F- to -en ter P

Bird Fall 19 96 DCA2 10 4 Lo cal 45 .8 954 2 7.40 927 2 38 .4 86 14 1.23 8 0.26 3 16 .1 % 3.20 9 0.01 1
10 4 Land scape* 45 .8 954 2 8.30 151 8 37 .5 94 5 4.37 2 0.00 1 18 .1 % 0.97 9 0.43 6
10 4 Bo th 45 .8 954 2 13 .5 206 4 32 .3 75 19 1.86 8 0.02 8 29 .5 %

Bird Sp ring 199 7 DCA1 11 7 Lo cal 33 .1 599 9 26 .1 188 7.04 1 14 27 .2 91 <0 .0 01 78 .8 % 8.74 0 <0 .0 01
11 7 Land scape 33 .1 599 9 24 .6 056 1 8.55 4 5 64 .4 31 <0 .0 01 74 .2 % 5.29 7 <0 .0 01
11 7 Bo th  * 33 .1 599 9 28 .2 903 2 4.87 0 19 29 .9 65 <0 .0 01 85 .3 %

Bird Sp ring 199 7 DCA2 11 7 Lo cal 14 .7 285 5 7.16 032 7.56 8 14 6.96 1 <0 .0 01 48 .6 % 3.47 4 0.00 6
11 7 Land scape 14 .7 285 5 2.06 617 12 .6 62 5 3.65 5 0.00 4 14 .0 % 6.78 8 <0 .0 01
11 7 Bo th  * 14 .7 285 5 8.29 984 7 6.42 9 19 6.65 9 <0 .0 01 56 .4 %

Mamm al Sp ring 199 5 DCA1 75 Lo cal 52 .8 611 7 33 .7 789 6 19 .0 82 14 7.71 3 <0 .0 01 63 .9 % 5.24 8 0.00 1
75 Land scape 52 .8 611 7 30 .5 594 1 22 .3 02 5 19 .1 84 <0 .0 01 57 .8 % 2.86 5 0.02 3
75 Bo th  * 52 .8 611 7 39 .8 674 12 .9 94 19 9.04 3 <0 .0 01 75 .4 %

Mamm al Sp ring 199 5 DCA2 75 Lo cal * 25 .0 372 9.06 941 6 15 .9 68 14 2.47 5 0.00 8 36 .2 % 0.31 0 0.90 5
75 Land scape 25 .0 372 3.46 510 5 21 .5 72 5 2.24 9 0.05 9 13 .8 % 1.55 3 0.18 8
75 Bo th 25 .0 372 9.49 938 1 15 .5 38 19 1.80 2 0.04 6 37 .9 %

Mamm al Fall 19 95 DCA1 10 6 Lo cal * 10 .6 962 3 3.23 469 4 7.46 2 14 2.84 9 0.00 1 30 .2 % 1.39 6 0.23 4
10 6 Land scape 10 .6 962 3 1.96 359 8.73 3 5 4.54 2 0.00 1 18 .4 % 1.64 2 0.15 7
10 6 Bo th 10 .6 962 3 3.78 895 8 6.90 7 19 2.51 2 0.00 2 35 .4 %

Mamm al Fall 19 95 DCA2 11 1 Lo cal * 0.55 499 9 0.12 758 8 0.42 7 14 2.06 8 0.02 0 23 .0 % 1.29 2 0.27 4
11 1 Land scape 0.55 499 9 0.05 445 6 0.50 1 5 2.30 6 0.04 9 9.8% 1.66 5 0.15 1
11 1 Bo th 0.55 499 9 0.15 562 3 0.39 9 19 1.88 7 0.02 4 28 .0 %



187

Table 5 0.  Continu ed .

Test of  Ad ditio n o f
Mu ltiple Reg res sio n Res ults

Other v ariab le setTaxo n Seas on Ax is To tal d f Scale
To tal S S Mo del S S Er ro r S S

Mo del
df 

F P R2 F- to -en ter P

Mamm al Sp ring 199 6 DCA1 10 7 Lo cal 10 3.448 3 69 .1 700 8 34 .2 78 14 13 .4 05 <0 .0 01 66 .9 % 6.16 2 <0 .0 01
10 7 Land scape 10 3.448 3 57 .9 238 3 45 .5 25 5 25 .9 56 <0 .0 01 56 .0 % 4.98 5 <0 .0 01
10 7 Bo th  * 10 3.448 3 78 .0 586 8 25 .3 90 19 14 .2 39 <0 .0 01 75 .5 %

Mamm al Sp ring 199 6 DCA2 10 7 Lo cal * 6.84 949 2 1.69 056 7 5.15 9 14 2.17 7 0.01 4 24 .7 % 1.66 8 0.15 1
10 7 Land scape 6.84 949 2 0.48 573 7 6.36 4 5 1.55 7 0.17 9 7.1% 2.20 3 0.06 1
10 7 Bo th 6.84 949 2 2.13 727 9 4.71 2 19 2.10 1 0.01 1 31 .2 %

Mamm al Fall 19 96 DCA1 84 Lo cal * 70 .9 731 6 41 .7 213 7 29 .2 52 14 7.13 1 <0 .0 01 58 .8 % 1.48 2 0.20 8
84 Land scape 70 .9 731 6 27 .6 130 1 43 .3 60 5 10 .0 62 <0 .0 01 38 .9 % 3.02 4 0.01 6
84 Bo th 70 .9 731 6 44 .7 140 5 26 .2 59 19 5.82 5 <0 .0 01 63 .0 %

Mamm al Fall 19 96 DCA2 84 Lo cal * 35 .2 762 4 14 .1 501 2 21 .1 26 14 3.34 9 <0 .0 01 40 .1 % 1.40 6 0.23 4
84 Land scape 35 .2 762 4 8.43 557 4 26 .8 41 5 4.96 6 0.00 1 23 .9 % 1.89 4 0.10 7
84 Bo th 35 .2 762 4 16 .2 12 19 .0 64 19 2.90 9 0.00 1 46 .0 %
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Table 5 1.  Sign ificant coeff icients for  mu ltiple r eg res sio n of bir d and  mamm al com mu nity D etren ded  Corr esp on den ce An aly sis  s cor es on  lo cal and lan ds cap e h ab itat v ar iab les ,
by  s eas on, f or bes t fittin g hab itat mod els  ( Tab le 50 ).  STFA C4 did  n ot app ear in any  mo del.  * den otes P < 0 .05 , * * den otes P < 0.01 , * ** denotes P < 0 .00 1.  P arenthes es denote
a negative r elatio ns hip .

Sign ifican t Reg res sion Coeff icients

Lo cal Land scape

Taxo n Seas on Ax is 
Best

Habitat
Scale

G
C

_C
R

Y
P

PC
_B

N
G

R
S

PC
_T

R
E

E

ST
FA

C
1

ST
FA

C
2

ST
FA

C
3

D
C

A
1

D
C

A
2

E
D

G
E

D
IS

T

U
R

B
D

IS
T

C
A

C
T

U
S

R
O

C
K

T
R

A
IL

L
A

FA
C

1

L
A

FA
C

 2

L
A

FA
C

 3

L
A

FA
C

 4

L
A

FA
C

 5

Bird Sp ring
  19 95

DCA1 Bo th ** * (* ) * (* ** )

Sp ring
  19 95

DCA2 Lo cal (* *) ** * (* )

Fall
  19 95

DCA1 Lo cal ** (* ) ** * (* *) *

Fall
  19 95

DCA2 no ne

Sp ring
  19 96

DCA1 Bo th ** ** * (* ** ) * * (* ) (* ) (* ** ) *

Sp ring
  19 96

DCA2 Lo cal (* )

Fall
  19 96

DCA1 Bo th (* ) ** (* ) *

Fall
  19 96

DCA2 Land scape ** * (* *) 

Sp ring
  19 97

DCA1 Bo th ** * ** (* ** ) (* ** ) ** * *

Sp ring
  19 97

DCA2 Bo th (* *) (* ** ) (* ** ) (* *) 

Mamm al Sp ring
  19 95

DCA1 Bo th * (* ) ** * ** * (* )

Sp ring
  19 95

DCA2 Lo cal (* ) (* *) *

Fall
  19 95

DCA1 Lo cal (* )

Fall
  19 95

DCA2 Lo cal (* *) 
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Table 5 1.  Continu ed .

Sign ifican t Reg res sion Coeff icients
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Sp ring
  19 96

DCA2 Lo cal

Fall
  19 96

DCA1 Lo cal * * * (* *) 

Fall
  19 96

DCA2 Lo cal * * *
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Table 5 2. Mu ltiple r egr ess io n o f b ir d and mammal com mun ity  D etr end ed  Co rresp ond ence Analys is  scores on hab itat and  g eog rap hical  var iab les , by seaso n, and  test of 
sign ifican ce of  ad ditio n o f var iab les o f o ne scale to thos e of the o ther s cale. Best habitat scale f rom  Table 5 0.   H + G  = comb in ed hab itat + g eo graphical v ariab les .  *
deno tes  b es t  mod el.

Mu ltiple Reg res sio n Res ults
Test of  Ad ditio n o f
Other V ariab le Set

Taxo n Seas on Ax is 
Best

Habitat
Scale To tal d f Feature To tal S S Mo del S S Er ro r S S

Mo del
df 

F P R2 F- to -en ter P

Bird Sp ring 199 5 DCA1 Bo th 11 8 Habitat 28 .0 36 20 .9 37 7.10 0 19 15 .3 65 <0 .0 01 74 .7 % 14 .1 56 <0 .0 01

11 8 Geog rap hy 28 .0 36 18 .2 95 9.74 2 2 10 8.925 <0 .0 01 65 .3 % 3.94 4 <0 .0 01

11 8 H + G * 28 .0 36 22 .5 41 5.49 6 21 18 .9 45 <0 .0 01 80 .4 %

Bird Sp ring 199 5 DCA2 Lo cal 11 8 Habitat 17 .1 55 6.51 2 10 .6 43 14 4.54 5 <0 .0 01 38 .0 % 10 .2 01 <0 .0 01

11 8 Geog rap hy 17 .1 55 2.05 4 15 .1 01 2 7.89 0 0.00 1 12 .0 % 5.11 9 <0 .0 01

11 8 H + G * 17 .1 55 8.28 6 8.86 9 16 5.95 6 <0 .0 01 48 .3 %

Bird Fall 19 95 DCA1 Lo cal 11 8 Habitat 49 .7 84 36 .6 71 13 .1 13 14 20 .7 73 <0 .0 01 73 .7 % 14 .0 67 <0 .0 01

11 8 Geog rap hy 49 .7 84 32 .2 42 17 .5 42 2 10 6.599 <0 .0 01 64 .8 % 5.14 9 <0 .0 01

11 8 H + G * 49 .7 84 39 .5 06 10 .2 78 16 24 .5 03 <0 .0 01 79 .4 %

Bird Fall 19 95 DCA2 no ne 11 8 Habitat 22 .6 08 4.68 2 17 .9 26 19 1.36 1 0.16 5 20 .7 % 1.95 2 0.14 7

11 8 Geog rap hy 22 .6 08 0.43 5 22 .1 73 2 1.13 7 0.32 4 1.9% 1.46 4 0.11 6

11 8 H + G 22 .6 08 5.37 6 17 .2 32 21 1.44 1 0.11 9 23 .8 %

Bird Sp ring 199 6 DCA1 Bo th 10 6 Habitat 24 .0 28 18 .5 47 5.48 0 19 15 .4 96 <0 .0 01 77 .2 % 13 .2 91 <0 .0 01

10 6 Geog rap hy 24 .0 28 16 .4 45 7.58 3 2 11 2.771 <0 .0 01 68 .4 % 3.65 2 <0 .0 01

10 6 H + G * 24 .0 28 19 .8 53 4.17 5 21 19 .2 48 <0 .0 01 82 .6 %

Bird Sp ring 199 6 DCA2 Lo cal 10 6 Habitat * 10 .6 96 3.23 5 7.46 2 14 2.84 9 0.00 1 30 .2 % 1.68 3 0.19 2

10 6 Geog rap hy 10 .6 96 0.42 6 10 .2 70 2 2.15 8 0.12 1 4.0% 2.75 1 0.00 2

10 6 H + G 10 .6 96 3.50 4 7.19 2 16 2.74 0 0.00 1 32 .8 %

Bird Fall 19 96 DCA1 Bo th 10 4 Habitat 82 .0 06 54 .4 12 27 .5 94 19 8.82 2 <0 .0 01 66 .4 % 3.86 6 0.02 5

10 4 Geog rap hy 82 .0 06 43 .8 73 38 .1 33 2 58 .6 77 <0 .0 01 53 .5 % 2.23 1 0.00 7

10 4 H + G * 82 .0 06 56 .7 64 25 .2 42 21 8.88 8 <0 .0 01 69 .2 %
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Table 5 2.  Continu ed .

Mu ltiple Reg res sio n Res ults
Test of  Ad ditio n o f
Other V ariab le Set

Taxo n Seas on Ax is 
Best

Habitat
Scale To tal d f Feature To tal S S Mo del S S Er ro r S S

Mo del
df 

F P R2 F- to -en ter P

Bird Fall 19 96 DCA2 Land scape 10 4 Habitat * 45 .8 95 8.30 2 37 .5 94 5 4.37 2 0.00 1 18 .1 % 1.31 5 0.27 3

10 4 Geog rap hy 45 .8 95 2.80 6 43 .0 90 2 3.32 1 0.04 0 6.1% 3.43 9 0.00 7

10 4 H + G 45 .8 95 9.29 4 36 .6 01 7 3.51 9 0.00 2 20 .3 %

Bird Sp ring 199 7 DCA1 Bo th 11 7 Habitat 33 .1 60 28 .2 90 4.87 0 19 29 .9 65 <0 .0 01 85 .3 % 21 .8 50 <0 .0 01

11 7 Geog rap hy 33 .1 60 25 .2 45 7.91 5 2 18 3.411 <0 .0 01 76 .1 % 6.89 7 <0 .0 01

11 7 H + G * 33 .1 60 29 .8 14 3.34 6 21 40 .7 28 <0 .0 01 89 .9 %

Bird Sp ring 199 7 DCA2 Bo th 11 7 Habitat * 14 .7 29 8.30 0 6.42 9 19 6.65 9 <0 .0 01 56 .4 % 0.15 2 0.86 0

11 7 Geog rap hy 14 .7 29 1.47 9 13 .2 50 2 6.41 8 0.00 2 10 .0 % 5.39 4 <0 .0 01

11 7 H + G 14 .7 29 8.32 0 6.40 8 21 5.93 5 <0 .0 01 56 .5 %

Mamm al Sp ring 199 5 DCA1 Bo th 75 Habitat * 52 .8 61 39 .8 67 12 .9 94 19 9.04 3 <0 .0 01 75 .4 % 0.61 9 0.54 2

75 Geog rap hy 52 .8 61 15 .0 61 37 .8 01 2 14 .5 42 <0 .0 01 28 .5 % 5.61 5 <0 .0 01

75 H + G 52 .8 61 40 .1 59 12 .7 03 21 8.12 9 <0 .0 01 76 .0 %

Mamm al Sp ring 199 5 DCA2 Lo cal 75 Habitat * 25 .0 37 9.06 9 15 .9 68 14 2.47 5 0.00 8 36 .2 % 2.94 9 0.06 0

75 Geog rap hy 25 .0 37 7.42 4 17 .6 14 2 15 .3 83 <0 .0 01 29 .6 % 0.89 9 0.56 4

75 H + G 25 .0 37 10 .5 21 14 .5 17 16 2.67 2 0.00 3 42 .0 %

Mamm al Fall 19 95 DCA1 Lo cal 11 1 Habitat 10 4.763 69 .1 81 35 .5 82 14 13 .4 71 <0 .0 01 66 .0 % 6.86 6 0.00 2

11 1 Geog rap hy 10 4.763 51 .7 36 53 .0 27 2 53 .1 73 <0 .0 01 49 .4 % 4.78 9 <0 .0 01

11 1 H + G * 10 4.763 73 .6 75 31 .0 88 16 14 .0 71 <0 .0 01 70 .3 %

Mamm al Fall 19 95 DCA2 Lo cal 11 1 Habitat * 0.55 5 0.12 8 0.42 7 14 2.06 8 0.02 0 23 .0 % 0.50 6 0.60 5

11 1 Geog rap hy 0.55 5 0.01 5 0.54 0 2 1.51 3 0.22 5 2.7% 1.87 9 0.03 8

11 1 H + G 0.55 5 0.13 2 0.42 3 16 1.85 4 0.03 5 23 .8 %
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Table 5 2.  Continu ed .

Mu ltiple Reg res sio n Res ults
Test of  Ad ditio n o f
Other V ariab le Set

Taxo n Seas on Ax is 
Best

Habitat
Scale To tal d f Feature To tal S S Mo del S S Er ro r S S

Mo del
df 

F P R2 F- to -en ter P

Mamm al Sp ring 199 6 DCA1 Bo th 10 7 Habitat 10 3.448 78 .0 59 25 .3 90 19 14 .2 39 <0 .0 01 75 .5 % 3.25 1 0.04 4

10 7 Geog rap hy 10 3.448 54 .8 67 48 .5 81 2 59 .2 93 <0 .0 01 53 .0 % 4.78 9 <0 .0 01

10 7 H + G * 10 3.448 79 .8 43 23 .6 05 21 13 .8 52 <0 .0 01 77 .2 %

Mamm al Sp ring 199 6 DCA2 Lo cal 10 7 Habitat * 6.84 9 1.69 1 5.15 9 14 2.17 7 0.01 4 24 .7 % 0.76 4 0.46 9

10 7 Geog rap hy 6.84 9 0.43 1 6.41 9 2 3.52 3 0.03 3 6.3% 1.72 3 0.06 4

10 7 H + G 6.84 9 1.77 6 5.07 4 16 1.99 1 0.02 2 25 .9 %

Mamm al Fall 19 96 DCA1 Lo cal 84 Habitat 70 .9 73 41 .7 21 29 .2 52 14 7.13 1 <0 .0 01 58 .8 % 9.93 6 <0 .0 01

84 Geog rap hy 70 .9 73 33 .3 04 37 .6 69 2 36 .2 49 <0 .0 01 46 .9 % 3.22 5 0.00 1

84 H + G * 70 .9 73 48 .3 37 22 .6 37 16 9.07 5 <0 .0 01 68 .1 %

Mamm al Fall 19 96 DCA2 Lo cal 84 Habitat * 35 .2 76 14 .1 50 21 .1 26 14 3.34 9 <0 .0 01 40 .1 % 1.87 2 0.16 2

84 Geog rap hy 35 .2 76 9.91 6 25 .3 61 2 16 .0 30 <0 .0 01 28 .1 % 1.29 5 0.23 4

84 H + G 35 .2 76 15 .2 53 20 .0 24 16 3.23 7 <0 .0 01 43 .2 %
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Table 5 3.  Sign ificant coeff icients for  mu ltiple r eg res sio n of bir d and  mamm al com mu nity D etren ded  Corr esp on den ce An aly sis  s cor es on  lo cal and lan ds cap e
habitat variables an d g eog raphical coor din ates, by  s eas on.  See Tables 3, 4, 8, an d 12 for  d escrip tions  of  s tru ctu ral and lands cap e var iab les and pr incipal
co mp onents ; see Figs . 6  an d 7 f or descr iptio n o f p lant species DCA s.  Only  m odels fo r w hich the ad ditio n o f geo graph ical coo rdinates  was s tatis tically sig nificant
(s ee Table 5 2) are s how n.   PC_ TREE, STFAC4, DCA2, ROCK , TRA IL, an d LAF AC5  d id not appear significan t in any  mo del.  * den otes P < 0 .05 , * * den otes P <
0.01 , * ** denotes P < 0 .00 1.  P arenthes es denote a n egativ e relation ship.

Sign ifican t Reg res sion Coeff icients

Lo cal Land scape Geog rap hy

Taxo n Seas on Ax is 
Best

Habitat
Scale
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R

Y
P

PC
_B

N
G

R
S

ST
FA

C
1

ST
FA

C
2

ST
FA

C
3

D
C

A
1

E
D

G
E

D
IS

T

U
R

B
D

IS
T

C
A

C
T

U
S

L
A

FA
C

1

L
A

FA
C

 2

L
A

FA
C

 3

L
A

FA
C

 4
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A

ST
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O
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T

H

Bird Sp ring 199 5 DCA1 Bo th * ** * ** *

Sp ring 199 5 DCA2 Lo cal (* *) ** (* ** ) ** 

Fall 19 95 DCA1 Lo cal * * ** ** *

Sp ring 199 6 DCA1 Bo th * * ** ** *

Fall 19 96 DCA1 Bo th (* ) * ** 

Sp ring 199 7 DCA1 Bo th (* ) (* ** ) (* ) (* ) * ** * ** *

Mamm al Fall 19 95 DCA1 Lo cal ** * * (* ** ) (* *) 

Sp ring 199 6 DCA1 Bo th (* *) * (* ) ** * (* ) (* )

Fall 19 96 DCA1 Lo cal * * (* *) * (* ** ) (* )
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VI.  CO NCLUSION S

SUMMARY OF  RESULTS 

Our sur veys and anal yses have yiel d several general result s: 

1. Cali for nia coastal  sage scrub, whi le di sti nct at a regi onal level (i .e. , com par ed to ot her  sout her n
Cali for nia m ajor vegetation types) , is a het erogeneous veget ati on type. 

2. Wi thin CSS  ther e are geogr aphical gr adi ent s in local  veget at ion st ructure and compositi on, 
mainly ref lecti ng north-sout h and east- west gradient s i n cli mat e and topography.

3. Li kewise, there is geographi cal  vari ati on in landscape- level  veget at ion and land-use
cl assif icati on. 

4. Both local  and landscape level att ri but es include patterns induced by human act ivi ti es (e. g. ,
incr eased cover age of exot ic forbs and grasses,  incr eased ur banizati on) .

5. Both bi rd and smal l mam mal  species respond to these gradient s, wit h vir tuall y all taxa showi ng
st at ist icall y signif icant regressi ons of presence/ absence wi th local , landscape, or geographical
vari abl es. 

6. Species ar e generall y concor dant in their di str ibuti ons between year s.  This suggest s that  the
point samples of bir ds and smal l mam mal s are gener at ing consist ent  esti mat es of  species
pr esence/absence.

7. Patt erns of bir d and/or  mamm al com munit y var iat ion are associat ed wi th habit at var iables, and
ar e cor rel at ed wit h each other. 

8. Species ri chness ( biodiversity ) of  bi rds and small  mammals is uncorrelat ed.

MANAGEMENT  I MPL ICATI ONS 

1.   A regi onal reserve system that  spans t he range of  CSS condit ions and geographi cal  areas will  be
necessary if  we hope to preserve CSS speci es di versi ty. 

CS S is a heterogeneous vegetation type; it  varies floristi cal ly,  structurally, and geogr aphicall y. 
Li kewise, the land-use contexts of  CSS are also geographical ly var iable.  More impor tantly, CSS  is
al so hi ghl y var iable fr om the perspecti ve of  bi rds and small  mammals; all taxa showed signif icant
vari ati on in di str ibuti on wi th respect to at  least  some feat ure of  the system.  Bi rd and mam mal 
inhabit ant s of CSS  respond in species-specif ic ways to the vari ati on in habi tat , bot h in tim e (i.e., 
seasonally) and in space.

2.   Any syst em of reserves cannot rely on the local diversit y of any si ngl e taxonomi c group as an
indi cat or of  appropriat e design.  Instead,  desi gn must be based on meet ing the needs of  mult ipl e,
independent species   criteri a.

Comm uni ty or dinati ons were simi lar  for bot h bir ds and smal l mam mal s;  the scores of  the fir st  axis
generat ed fr om bir d- based DCA were signifi cantl y cor rel ated wit h scores of  the fir st  axis obtai ned
fr om  mammal- based DCA for the four  seasons in which the two taxa wer e co-sam pled (Table 33). 
Thus the maj or gradi ent  in species change for birds in each sam pli ng period was paralleled by
changes for mam mal s.   T his refl ect s the major gradient in veget ati on and landscape structure and
composi tion that underl ies species  distri butional  patt erns in thi s system .  However , despit e this
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corr elation in com posit ion, cross- correlat ions bet ween bir d and sm al l mamm al  ri chness were poor 
(T able 29) .  None were signi ficant  at the point -level, and only one of 20 at  the sit e level (about  that 
expected by chance alone).   Thus, bi rd and smal l mam mal  ri chness did not covary at  either the site
or  point level,  and one was a poor  predict or  of  the other.   From a managem ent perspecti ve this
im pl ies that  conservati on of  si tes associated with, say, high avian biodiver sit y wil l not necessar il y
pr eserve high m amm al  bi odi versi ty. 

FUTURE RES EARCH DI RE CTI ONS 

Our dat a yield a baseli ne descr ipt ion of cur rent pat ter ns of  di str ibuti on of  CS S bir ds and smal l
mamm als, and pr ovi de some indicati on of  im portant envir onm ental  feat ures that are associat ed wi th
the presence of  indi vidual  species.  As such, they will  be usef ul in devel oping a reser ve system.
However , in order to manage such a syst em once it is in pl ace we need a much better understandi ng
of  indi vidual species  local  and met apopul at ion dynamics and extinct ion ri sks if we are to maintai n
curr ent  levels of speci es di ver sit y.   L ikewi se,  we need to underst and more about how a speci es
interacts wi th its surr oundi ng landscape (e. g.,  it s use of  dispersal  or  movement cor ridors),  and how
that  landscape in turn impinges di rectl y upon a species (e.g., edge eff ect s) .

It  is also l ikely that hum an im pacts wi ll conti nue, on bot h local and global  scales.   Exot ic or ganisms
(plant and anim al)  cont inue to be introduced to and spr ead within southern Cali for ni a, and thei r
ef fects on species and ecosystems remai ns to be full y documented.  Addi tionally, regional
enri chm ent  of soil  nutr ients due to the deposit ion of atmospher ic ni trogen from  automobiles and
industr ial  acti vit ies is likely to produce changes in plant com munit ies.  These comm uni ty changes
wi ll  li kel y be fur ther enhanced by changes i n clim at e, whi ch is al so a product of human al terat ion of
at mospheri c com posit ion.  Under standing wher e and how these changes wil l take place wil l be
cr ucial  to t he long- ter m success of any reserve syst em. 
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SP ECIES  SUMMARI ES

BIRDS 

The fol lowing summ ar ies ar e onl y for  those bird species wi th suffi ci ent  number of detections for
anal ysi s (i. e.,  they occur red on at least 10% of the point s sur veyed during at least  one sam pli ng
peri od) .  See T abl e 13 for  scienti fi c names of bir d species.   S ites in whi ch speci es occur red found in
Tabl es 16-20.

Abundances are taken fr om Table 37, and ar e classi fi ed usi ng the f ol lowing crit eri a: 
>80%  of  points = ver y abundant
80-65% = abundant
65-35% = comm on
35-20% = uncomm on
20-10% = very uncommon

Si gnifi cant changes in bir d species det ect ions bet ween sam pl ing peri ods ar e taken fr om Table 32.
None  denot es no st ati sti cally si gnifi cant change.  Concordances in pr esence/absence at a point

between sampling per iods are taken from  Tabl e 34.  Yes  denotes statistical ly signi ficant 
concordance.   Concor dances >0.500 ar e denoted as hi gh. 

Regr ession stat ist ics are taken fr om  Table 39 for habit at model s (local  + landscape var iables) and
Tabl e 44 for  habit at  + geogr aphy models.  Al l are st ati sti cally si gnifi cant (P < 0.05) unl ess noted
ot herwi se.   Onl y best  model (based on the signif icance of the addi tion of one set of var iables to a
model already cont ai ning the ot her ) shown.   Regressi on coeff ici ent s are taken from  Tabl e 41 for 
habi tat  models and Tabl e 46 for  habi tat  + geogr aphy models.  Al l are st ati st ically signifi cant (P <
0. 05).  Si gnifi cant geographical var iat ion describes regional dist ri but ional  tr ends independent  of 
habi tat .

Detailed descri pti ons of habitat var iables appear in Tables 3 and 6 (local  structural vari ables and
pr incipal components), Tables 4 and 10 (landscape variables and pr incipal components), and
di scussion of F igures 4 and 5 ( local  pl ant  species DCAs).  T o r ecapi tul ate briefly:

Component       Interpr etati on
ST FAC1 shrubland vs. grassl and local struct ure
ST FAC2 hi gh li tter coverage vs. bar e ground
ST FAC3 incr easing f orbs/pat chy
ST FAC4 incr easing dist urbed
LAFAC1 chaparr al vs. CSS landscape
LAFAC2 incr easing nati ve mosai c
LAFAC3 incr easing aquatic/r iparian
LAFAC4 ur ban
LAFAC5 incr easing ag/exot ic
DCA1 CS S vs.  chaparr al pl ant  species
DCA2 sout h coastal vs. northern i nland pl ant  species
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ANHU — ANNA S HUM MI NGBIRD

      Abundance and V ari at ion
Abundance:   com mon spri ng,  comm on fall
Concordance: non-concordant spring1995 — spr ing 1996
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +S TF AC2, -ST FAC3,  +E DGEDI ST,  -URBDIST ,
+L AF AC4

Si gnifi cant Geographical Var iat ion:  -NORT H
Si gnifi cant Habitat + UTM Variables:   +DCA1,  +E DGE DI ST,  +ROCK, -LAFAC3, 

+L AF AC4, -EAST , -NORT H
Fall :  Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +DCA2, -URBDIST 
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   +DCA1,  -URBDIS T, -NORT H

BCSP  — BLACK-CHINNED SPARROW

      Abundance and V ari at ion
Abundance:   com mon spri ng
Concordance: hi gh
Annual Changes:   declined spring 1996 — spri ng 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  -ST FAC2,  -ST FAC4,  -DCA1, +URBDI ST,  -ROCK
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  absent

BE WR — BEW ICK S WRE N

      Abundance and V ari at ion
Abundance:   ver y abundant spring, common f al l
Concordance: non-concordant  f all  1995 — fal l 1996
Annual Changes:   declined fall 1995 — f all  1996, i ncreased spri ng 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  -PC_BNGRS, +S TFAC1,  -DCA2, -CACT US
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   -PC_BNGRS, +S TFAC1,  -CACT US, 

+E AS T, +NORT H
Fall :  Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +GC_CRYP, +L AFAC5
Si gnifi cant Geographical Var iat ion:  none
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant
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BGGN — BLUE-GRAY GNATCATCHER

      Abundance and V ari at ion
Abundance:   ver y uncomm on fall
Concordance: non-concordant  spri ng 1995 — spr ing 1996, spr ing 1996 — spring 1997
Annual Changes:   none

      Habi tat  Associations
Spri ng: absent
Fall :  Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +DCA1, +CACT US
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   +EDGEDIST , +CACTUS, +NORT H

BHGR — BLACK-HE ADED GROSBEAK

      Abundance and V ari at ion
Abundance:   uncomm on spring
Concordance: non-concordant  spri ng 1995 — spr ing 1996
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Landscape

Si gnifi cant Habitat Var iables:  +L AF AC2
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   +LAF AC2, +LAFAC5,  -NORT H

Fall :  absent

CACW — CACTUS WRE N

       Abundance and V ari at ion
Abundance:   com mon spri ng
Concordance: hi gh concordances in spri ng
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +S TF AC3, -DCA1, -EDGE DIS T, +CACT US, 
-LAFAC3

Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   -DCA1, +CACTUS, -LAFAC3,  -EAST 

Fall :  absent

CAGN — Cal if ornia Gnatcatcher
      Abundance and V ari at ion

Abundance:   uncomm on spring,  very uncom mon f all 
Concordance: non-concordant  f all  1995 — fal l 1996; hi gh concordances i n spr ing
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +S TF AC3, +CACTUS, -LAFAC1
Si gnifi cant Geographical Var iat ion:  no
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Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant
Fall :  Best  Habit at  Model :  none si gni ficant

Si gnifi cant Habitat Var iables:  --
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

CALT  — CAL IF ORNIA TOW HE E

      Abundance and V ari at ion
Abundance:   ver y abundant spring, very abundant  fall 
Concordance: non-concordant  spri ng1995 — spri ng 1996
Annual Changes:   i ncreased spri ng 1995 — spr ing 1996

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  ( Landscape)

Si gnifi cant Habitat Var iables:  +GC_CRYP, -URBDIST , +ROCK  (-LAFAC1) 
Si gnifi cant Geographical Var iat ion:  +E AST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  -PC_T REE , -URBDIST , +LAFAC4
Si gnifi cant Geographical Var iat ion:  +E AST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

      Remarks:  In spri ng,  local habitat model was best  st at ist icall y, but  landscape model 
gave much better concor dances; probably due to near sat urati on of point s by thi s
species

CANW — CANYON WRE N

      Abundance and V ari at ion
Abundance:   ver y uncomm on spring
Concordance: yes
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +DCA1, -LAFAC2
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +DCA2,  -URBDIST , -LAFAC3,  +NORTH

Fall :  absent

CAQU — CAL IF ORNIA QUAIL 

      Abundance and V ari at ion
Abundance:   abundant  spring,  uncom mon f all 
Concordance: non-concordant  spri ng1995 — spri ng 1996,  fall 1995 — f al l 1996
Annual Changes:   declined fall 1995 — f all  1996, i ncreased spri ng 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +GC_CRYP, -DCA1, -DCA2, -LAFAC3,  +L AF AC5
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
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Si gnifi cant Habitat + UTM Variables:   +GC_CRYP,  -DCA1, -DCA2, -LAFAC3, 
+L AF AC5, +EAST,  +NORTH

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  -DCA2, +ROCK,  -LAFAC4
Si gnifi cant Geographical Var iat ion:  +NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

CATH — CAL IF ORNIA THRAS HER

      Abundance and V ari at ion
Abundance:   abundant  spring,  uncom mon f all 
Concordance: non-concordant  f all  1995 — fal l 1996
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +P C_TRE E, +S TF AC1, -DCA1, +EDGEDIST ,
-LAFAC3

Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +PC_TREE,  +S TF AC1, -DCA2, -LAFAC3

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  -DCA1, +DCA2,  +E DGE DI ST
Si gnifi cant Geographical Var iat ion:  -NORT H
Si gnifi cant Habitat + UTM Variables:   -PC_BNGRS, +E DGE DIS T,  +ROCK,

-EAST , -NORT H

COBU — COM MON BUS HT IT

      Abundance and V ari at ion
Abundance:   abundant  spring,  uncom mon f all 
Concordance: non-concordant  spri ng1995 — spri ng 1996,  fall 1995 — f al l 1996
Annual Changes:   i ncreased spri ng 1995 — spr ing 1996; decl ined fal l 1995 — fall  1996,

spri ng 1996 spr ing 1997
      Habi tat  Associations

Spri ng: Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  none
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Landscape
Si gnifi cant Habitat Var iables:  -LAFAC1
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

COHU — COS TA S HUM MI NGBIRD

      Abundance and V ari at ion
Abundance:   abundant  spring
Concordance: non-concordant  spri ng 1996 — spr ing 1997
Annual Changes:   declined spring 1996 — spri ng 1997
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      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +S TF AC3, -DCA2
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  absent

COYE  — COM MON YEL LOWTHROAT

      Abundance and V ari at ion
Abundance:   uncomm on spring
Concordance: yes
Annual Changes:   i ncreased spri ng 1995 — spr ing 1996; decl ined spr ing 1996 — spring 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -GC_CRYP , +ST FAC1, -DCA1, -URBDIST ,
-LAFAC1,  +L AF AC5

Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  absent

HOFI  — HOUSE  FINCH

      Abundance and V ari at ion
Abundance:   ver y abundant spring, common f al l
Concordance: yes
Annual Changes:   declined fall 1995 — f all  1996; i ncreased spri ng 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +DCA1, -URBDIST , -ROCK, -LAFAC2,  -LAFAC3, 
+L AF AC4

Si gnifi cant Geographical Var iat ion:  +NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  -ST FAC1,  -URBDIST 
Si gnifi cant Geographical Var iat ion:  +E AST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

LAZB — LAZ UL I BUNTI NG

      Abundance and V ari at ion
Abundance:   com mon spri ng
Concordance: yes
Annual Changes:   declined spring 1995 — spri ng 1996
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      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +P C_TRE E, +URBDIST , -LAFAC4
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  absent

LE GO — LES SE R GOL DF INCH

      Abundance and V ari at ion
Abundance:   abundant  spring,  uncom mon f all 
Concordance: yes
Annual Changes:   declined fall 1995 — f all  1996; i ncreased spri ng 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Landscape

Si gnifi cant Habitat Var iables:  -LAFAC3
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  +GC_CRYP, -ST FAC3,  -DCA1, +CACTUS,

-LAFAC3
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

MODO — MOURNING DOVE

       Abundance and V ari at ion
Abundance:   ver y abundant spring
Concordance: non-concordant  spri ng1995 — spri ng 1996
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habi tat Model:   L ocal + L andscape

Si gnifi cant Habitat Var iables:  -ST FAC2,  +URBDIS T, +CACT US,  +LAF AC5
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  absent

NOFL  — Nor thern Fl icker 
       Abundance and V ari at ion

Abundance:   uncomm on spring,  common fal l
Concordance: non-concordant  f all  1995 — fal l 1996, spring1995 — spr ing 1996, spr ing 1996

— spring 1997
Annual Changes:   declined fall 1995 — f all  1996; i ncreased spri ng1995 — spri ng 1996,  spring

1996 — spr ing 1997
      Habi tat  Associations

Spri ng: Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +P C_BNGRS,  -ST FAC4,  +URBDIS T
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
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Si gnifi cant Habitat + UTM Variables:   +PC_BNGRS , +PC_TREE,  -ST FAC4, 
-DCA2, +URBDI ST,  -NORT H

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  -ST FAC1,  +DCA2
Si gnifi cant Geographical Var iat ion:  -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

NOMO — NORTHERN MOCKI NGBIRD

      Abundance and V ari at ion
Abundance:   com mon spri ng,  uncommon fal l
Concordance: non-concordant  f all  1995 — fal l 1996
Annual Changes:   declined fall 1995 — f all  1996

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -ST FAC2,  +DCA1, +DCA2, -EDGE DIS T,
+CACTUS , -LAFAC3,  +L AF AC4, +LAFAC5

Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   -ST FAC2,  +DCA1, -LAFAC3,  +L AF AC4,

+L AF AC5, -EAST 
Fall :  Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +CACTUS 
Si gnifi cant Geographical Var iat ion:  -EAST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

OCWA — ORANGE-CROW NED WARBL ER

      Abundance and V ari at ion
Abundance:   uncomm on spring
Concordance: non-concordant spri ng1995 — spri ng 1996
Annual Changes:   i ncreased spri ng1995 — spri ng 1996

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -DCA1, +DCA2,  -EDGE DIS T, -ROCK, -LAFAC5
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   -EDGE DIS T, -ROCK, -LAFAC4,  -NORT H

Fall :  absent

PHAI  — PHAINOPE PLA

      Abundance and V ari at ion
Abundance:   uncomm on spring
Concordance: non- concor dant spr ing 1995 — spring 1996
Annual Changes:   decreased spri ng 1995 — spr ing 1996
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      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +S TF AC2, -ST FAC4,  -DCA1
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +STF AC2, -ST FAC4,  -NORT H

Fall :  absent

RCKI  — RUBY-CROW NED KINGL ET

      Abundance and V ari at ion
Abundance:   ver y uncomm on fall
Concordance: non-concordant  f all  1995 — fal l 1996
Annual Changes:   none

      Habi tat  Associations
Spri ng: absent
Fall :  Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +S TF AC2, -LAFAC3
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

RCSP  — RUF OUS-CROW NED SPARROW

      Abundance and V ari at ion
Abundance:   ver y abundant spring, very uncom mon fall 
Concordance: non-concordant  f all  1995 — fal l 1996
Annual Changes:   i ncreased spri ng 1995 — spr ing 1996, spri ng 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -ST FAC1,  +L AF AC2
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +LAF AC2, -LAFAC5,  +E AS T, +NORT H

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  -EDGEDIS T
Si gnifi cant Geographical Var iat ion:  +E AST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

ROWR — ROCK WRE N

       Abundance and V ari at ion
Abundance:   ver y uncomm on spring, very uncom mon fall 
Concordance: non-concordant  spri ng 1995 — spr ing 1996
Annual Changes:   declined fall 1995 — f all  1996, spr ing 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +DCA1, -TRAI L
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +GC_CRYP, -ST FAC2,  +DCA1, -EDGE DIS T
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Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

SAGS  — SAGE SPARROW

      Abundance and V ari at ion
Abundance:   com mon spri ng,  very uncommon f al l
Concordance: non-concordant  f all  1995 — fal l 1996; hi gh concordances in spr ing
Annual Changes:   declined spring 1995 — spri ng 1996;  increased spr ing 1996 — spring 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -DCA2, +EDGEDIST , -LAFAC1,  -LAFAC2, 
-LAFAC3

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +EDGEDIST , -LAFAC1,  -LAFAC2, 

-LAFAC3,  +E AS T, +NORT H
Fall :  Best  Habit at  Model :  Landscape

Si gnifi cant Habitat Var iables:  -LAFAC1,  -LAFAC2,  -LAFAC3,  +L AF AC4
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

SCJA — WES TE RN SCRUB-JAY

      Abundance and V ari at ion
Abundance:   com mon spri ng,  uncommon fal l
Concordance: yes
Annual Changes:   none

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +URBDIS T, +L AFAC2
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +URBDI ST,  +L AF AC2, -NORT H

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  +P C_TRE E, +L AFAC1
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

SOSP  — SONG SPARROW

      Abundance and V ari at ion
Abundance:   com mon spri ng
Concordance: yes
Annual Changes:   none



207

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -GC_CRYP , +ST FAC1, -ST FAC3,  -DCA1, +DCA2, 
-LAFAC1,  -LAFAC2

Si gnifi cant Geographical Var iat ion:  +E AST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  absent

SP TO — SPOTT ED TOW HE E

      Abundance and V ari at ion
Abundance:   ver y com mon spri ng,  comm on fal l
Concordance: non-concordant  f all  1995 — fal l 1996; hi gh concordances in spr ing
Annual Changes:   declined fall 1995 — f all  1996, spr ing 1996 — spr ing 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +S TF AC1, -ST FAC4,  -DCA1
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC1, +ST FAC2, +URBDIST 
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

WCSP  — WHI TE -CROW NED SPARROW

      Abundance and V ari at ion
Abundance:   com mon spri ng,  comm on fall
Concordance: non-concordant  spri ng1995 — spri ng 1996
Annual Changes:   i ncreased spri ng1995 — spri ng 1996,  spring 1996 — spri ng 1997

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  -ST FAC1,  -URBDIST , -CACT US
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   -ST FAC1,  -URBDIST , +EAST

Fall :  Best  Habit at  Model :  Landscape (Local + Landscape) 
Si gnifi cant Habitat Var iables:  -LAFAC2,  +L AF AC3, +LAFAC4, +L AFAC5

(+ST FAC4, -DCA1, +DCA2,  +L AFAC4, +LAF AC5)
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

      Remarks:  I n fall , landscape habi tat model was best  st ati st ically, but  local + landscape
model gave m uch bett er concordances

WE ME  — WES TE RN MEADOWLARK

      Abundance and V ari at ion
Abundance:   com mon spri ng,  very uncommon f al l
Concordance: hi gh concordances in spring
Annual Changes:   declined fall 1995 — f all  1996, spr ing 1996 — spr ing 1997
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      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +URBDIS T, -LAFAC1,  -LAFAC4,  +L AF AC5
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +STF AC4, -LAFAC1,  +L AF AC2, +EAST, 

+NORTH
Fall :  Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +DCA1, -DCA2, +URBDI ST
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +EDGEDIST , +URBDI ST,  +NORTH

WREN — WRE NT IT

      Abundance and V ari at ion
Abundance:   abundant  spring,  common fal l
Concordance: very hi gh concordances in al l seasons
Annual Changes:   declined fall 1995 — f all  1996

      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -DCA1, +DCA2,  -ROCK, +LAF AC2, -LAFAC3, 
+L AF AC4

Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +STF AC1, -DCA2, -EDGE DIS T,

+URBDIS T, -ROCK, +LAF AC1, +LAFAC2,  -LAFAC3,  +L AF AC4,
-EAST , -NORT H

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  -DCA1, +DCA2,  +URBDIS T, +LAFAC1, 

+L AF AC4
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +GC_CRYP,  +S TF AC3, -DCA2,

+URBDIS T, +L AFAC1,  +LAF AC4, +LAFAC5,  -NORT H

YRWA — YEL LOW-RUMP ED WARBL ER

      Abundance and V ari at ion
Abundance:   ver y uncomm on spring, common f al l
Concordance: hi gh concordances in fall,  non- concordant spring 1996 — spri ng 1997
Annual Changes:   i ncreased spri ng 1996 — spr ing 1997 (absent  spring 1995)
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      Habi tat  Associations
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +URBDIS T
Si gnifi cant Geographical Var iat ion:  -E AST 
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  -DCA1, -ROCK, -LAFAC1,  +L AF AC2
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   -ST FAC4,  -DCA2, -EAST , -NORT H
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SMALL  MAM MALS

The fol lowing summ ar ies ar e onl y for  those mamm al speci es wi th suf fi cient number of det ect ions
for analysis (i .e. , they occurr ed on at  least 10% of  the poi nts surveyed dur ing at  least one sampl ing
peri od) .  See Tabl e 15 for  scienti fi c names of mam mal species.  Si tes in whi ch speci es occur red ar e
found i n T ables 21-24.

Abundances are taken fr om Table 38, and ar e classi fi ed usi ng the f ol lowing crit eri a: 
>65%  of  points = ver y abundant
65-50% = abundant
50-35% = comm on
35-20% = uncomm on
20-10% = very uncommon

Si gnifi cant changes in mam mal species detect ions bet ween sam pli ng periods ar e taken from Table
33.  None  denot es no st ati sti cally si gnifi cant change.  Concordances in pr esence/absence at a
point between sampli ng per iods are taken from Tabl e 35.   Yes  denot es stati sti cal ly si gni fi cant
concordance.   Concor dances >0.500 ar e denoted as hi gh. 

Regr ession stat ist ics are taken fr om  Table 40 for habit at model s (local  + landscape var iables) and
Tabl e 45 for  habit at  + geogr aphy models.  Al l are st ati sti cally si gnifi cant (P < 0.05) unl ess noted
ot herwi se.   Onl y best  model (based on the signif icance of the addi tion of one set of var iables to a
model already cont ai ning the ot her ) shown.   Regressi on coeff ici ent s are taken from  Tabl e 42 for 
habi tat  models and Tabl e 47 for  habi tat  + geogr aphy models.  Al l are st ati st ically signifi cant (P <
0. 05).  Si gnifi cant geographical var iat ion describes regional dist ri but ional  tr ends independent  of 
habi tat .

Detailed descri pti ons of habitat var iables appear in Tables 3 and 6 (local  structural vari ables and
pr incipal components), Tables 4 and 10 (landscape variables and pr incipal components), and
di scussion of F igures 4 and 5 ( local  pl ant  species DCAs).  T o r ecapi tul ate briefly:

Component       Interpr etati on
ST FAC1 shrubland vs. grassl and local struct ure
ST FAC2 hi gh li tter coverage vs. bar e ground
ST FAC3 incr easing f orbs/pat chy
ST FAC4 incr easing dist urbed
LAFAC1 chaparr al vs. CSS landscape
LAFAC2 incr easing nati ve mosai c
LAFAC3 incr easing aquatic/r iparian
LAFAC4 ur ban
LAFAC5 incr easing ag/exot ic
DCA1 CS S vs.  chaparr al pl ant  species
DCA2 sout h coastal vs. northern i nland pl ant  species
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CHFA - S AN DIE GO POCKE T MOUSE

      A bundance and Variat ion
Abundance:   com mon
Concordance: non-concordant  spri ng 1995 — spri ng 1996
Annual Changes:   i ncreased f all  1995 — fal l 1996

      Habi tat A ssoci ati ons
Al l: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  -ST FAC1,  -LAFAC1,  -LAFAC2,  +L AF AC3,
+L AF AC4

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +DCA1,  -LAFAC1,  -LAFAC2,  +L AF AC3,

+E AS T
Spri ng: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  -ST FAC1
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  -GC_CRYP , -LAFAC2,  +L AF AC3, +LAFAC4
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   -GC_CRYP , -LAFAC2,  +L AF AC3,

+L AF AC4, +EAST,  +NORTH

DI AG - P ACIF IC KANGAROO RAT

      Abundance and V ari at ion
Abundance:   uncomm on
Concordance: yes
Annual Changes:   none

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +GC_CRYP, +E DGE DIS T,  -LAFAC1,  -LAFAC2, 
-LAFAC3,  +L AF AC5

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +GC_CRYP,  +E DGEDI ST,  +TRAIL, 

-LAFAC1,  -LAFAC3,  +E AS T, +NORT H
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +GC_CRYP, -DCA2, +E DGEDI ST,  -LAFAC1, 
-LAFAC2,  -LAFAC3,  +L AF AC4, +LAFAC5

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +DCA1,  +E DGE DI ST,  +ROCK, -LAFAC3, 

+L AF AC4, +EAST,  +NORTH
Fall :  Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +GC_CRYP, -PC_BNGRS, -LAFAC2,  -LAFAC3, 
+L AF AC5

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:    +GC_CRYP , +TRAIL , -LAFAC3,  +E AS T,

+NORTH
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NE FU - DUS KY-FOOT ED WOODRAT

      Abundance and V ari at ion
Abundance:   uncomm on
Concordance: yes
Annual Changes:   none

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  -PC_BNGRS, +S TFAC1,  -DCA1, -DCA2, -ROCK,
+T RAIL

Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +STF AC1, -DCA2, -EAST , -NORT H

Spri ng: Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC1
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local  + Landscape
Si gnifi cant Habitat Var iables:  +S TF AC1, -DCA2, -ROCK, +LAF AC3, +LAFAC4
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   +STF AC1, -DCA2, -LAFAC2,  +L AF AC3,

+L AF AC4, -EAST , -NORT H

NE LE  - S AN DIE GO WOODRAT 

      Abundance and V ari at ion
Abundance:   abundant 
Concordance: yes
Annual Changes:   none

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +S TF AC1, +CACTUS, +ROCK
Si gnifi cant Geographical Var iat ion:  -EAST 
Si gnifi cant Habitat + UTM Variables:   -PC_T REE , +ST FAC1, -ST FAC2, 

+S TF AC4, +DCA2,  +CACTUS , +ROCK,  -EAST 
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +S TF AC1, +ST FAC4, +CACT US,  -LAFAC1
Si gnifi cant Geographical Var iat ion:  -EAST 
Si gnifi cant Habitat + UTM Variables:   +STF AC4, +DCA2, +ROCK,  -EAST 

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC1, +CACTUS, +ROCK
Si gnifi cant Geographical Var iat ion:  -EAST 
Si gnifi cant Habitat + UTM Variables:   +STF AC1, -ST FAC2,  +CACTUS , +ROCK, 

-EAST 
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PE CA - CAL IF ORNIA MOUSE 

      Abundance and V ari at ion
Abundance:   com mon
Concordance: yes
Annual Changes:   none

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +GC_CRYP, +S TFAC1,  +STF AC2, -DCA1,
-EDGE DIS T, +URBDIST , -ROCK

Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Spri ng: Best  Habitat Model:   L ocal
Si gnifi cant Habitat Var iables:  +S TF AC1, -DCA1, +URBDI ST,  -ROCK
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +GC_CRYP, +S TFAC1,  +STF AC2, -DCA1,

-EDGE DIS T, -ROCK, +TRAIL 
Si gnifi cant Geographical Var iat ion:  -EAST , -NORT H
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

PE ER - CACTUS M OUS E

      Abundance and V ari at ion
Abundance:   ver y abundant
Concordance: yes
Annual Changes:   decreased spri ng 1995 — f al l 1995; increased spri ng 1995 — spr ing 1996

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  +S TF AC1, +ST FAC3, +URBDIST , +ROCK
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Spri ng: Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC1, +ST FAC3, +ROCK
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC1, -ST FAC2,  +URBDIS T, +ROCK
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant
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PE MA - DEE R MOUSE

      Abundance and V ari at ion
Abundance:   uncomm on
Concordance: yes
Annual Changes:   declined fall 1995 — f all  1996

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +E DGEDI ST,  -LAFAC1,  -LAF AC2, +LAFAC5
Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +STF AC2, -ST FAC3,  -URBDIST ,

-LAFAC1,  +E AS T, +NORT H
Spri ng: Best  Habit at  Model :  Local  + Landscape

Si gnifi cant Habitat Var iables:  +GC_CRYP, -LAFAC1,  -LAFAC2,  +L AF AC3,
+L AF AC5

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   +GC_CRYP,  -ST FAC3,  -LAFAC1, 

+L AF AC3, +EAST,  +NORTH
Fall :  Best  Habit at  Model :  Landscape (Local + Landscape) 

Si gnifi cant Habitat Var iables:  -LAFAC1,  -LAFAC2,  +L AF AC5 (-LAFAC1, 
-LAFAC2,  +L AF AC5)

Si gnifi cant Geographical Var iat ion:  +E AST , +NORTH
Si gnifi cant Habitat + UTM Variables:   -LAFAC1,  +E AS T  (+S TF AC2, -ST FAC3, 

-LAFAC1,  +E AS T, +NORT H)
      Remarks:  In fall , landscape habi tat  model was best stat isticall y,  but local + landscape

model gave m uch bett er concordances

RE ME  - WES TE RN HARVE ST MOUSE 

      Abundance and V ari at ion
Abundance:   ver y uncomm on
Concordance: non-concordant  spri ng 1995 — spr ing 1996, f all  1995 — fall 1996
Annual Changes:   none

      Habi tat  Associations
Al l: Best  Habit at  Model :  Local 

Si gnifi cant Habitat Var iables:  -ST FAC1,  +S TF AC2, +S TF AC3, -ST FAC4, 
+E DGEDI ST

Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Spri ng: Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC2, -ST FAC4
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant

Fall :  Best  Habit at  Model :  Local 
Si gnifi cant Habitat Var iables:  +S TF AC2, +ST FAC3
Si gnifi cant Geographical Var iat ion:  no
Si gnifi cant Habitat + UTM Variables:   H + G model not signif icant
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