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ABSTRACT
A SMALL MAMMAL POPULATION IN A COASTAL SAGE SCRUB COMMUNITY
Janice M. Toyoshima
May 1983

A live-trapping study of a small mammal population in a
coastal sage scrub community near Morro Bay, California, was

conducted from May 1978 through October 1979. The small mammal

population included Dipodomys heermanni morroensis, Peromyscus

: maniculatus,'Peromyscus californicus, Peromyscus boylei, Perognathus

californicus, Reithrodontomys megalotis, Neotoma fucispes, and

Microtus californicus. Reproductive activity generally occurred

during spring and summer; however, E,'maniculatus méy have bred

: throughout the year. D. h. morroensis and P. maniculatus were found

to be active year-round, while P. californicus, R. megaiotis, and

Perognathus californicus were not trapped during winter. The

majority of double captures involved P. maniculatus, the most

abundant species in the association. The occurrence of double
captures suggested close spatial proximity between individuals and
behavioral tolerance of that proximity, and may be related to .
population density. The endangered D. h, morroensis population was
founa to consist of fewer than 1,700 animals occupying 0.49 séuare

miles, The diversity of species and gemeral type of vegetation found

were similar to coastal sage scrub communities in southern California.
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A

CHAPTER. 1+~ .+
INTRODUCTION

The ‘small mammal p opulation of a .c oastal sage ‘scrub community

near Morro Bay, . California, was studied from'May; 1978, through .-

 Oc to:B'etg_’ 1979.° The coastal “s"age'f‘s'é'rub comminity; as 'frde's’cri'béd ‘by

' Mumz and Keck' (’195:»9 Y, s "d‘istiﬁgl.i‘is.hé*d by certain dndicator. S'Qe_éf'ie_s 5

including Artemesia californica ("C_das"t"al' “Sagebrush)., 'Salvia : éﬁi‘aﬁa

(White "Sage), Rhus integrifolia (Lemonadeb erry) and ‘Salvia mellifera

- (Black Sage) .

" THe “mammal populations of two coastal’sage scrub commurities

in ‘southern’ Calif ornia have been des ci'ibed_,.' “‘MacMillén® f(1964"j)“"$‘tudied
an, fa‘féﬁ' ‘at _'“t‘lli'é“g'oas"‘t'ai base of “the $an Gabriel Mounta:ms , three miles
northeast of """Cl‘ar‘éxnc;‘r‘i‘:tﬁ:l, “Los Angeles County, calif ornla- | :'i‘hjéi‘?c'i‘:c;ﬁinént- :

plant species was'Al californida, which was abundantly supported by

~ S. apiana, Eriogonum fasciculatum (California Buckwheat) and™ ™

Eriodictyon californicum™(Yerba Santa). Opuntia occidentalis

~(Prickly Pear) and E. californicum were common in the more sparsely

 vegetated areas. M'Closkey (1972) and Méserve (1976) both examined a
s:mgle "'é.‘re‘é;'v""'c:)'fﬁ"."‘fli‘-ef"ir\}ine"Réhéh;’f'();f:angfe Cbﬁﬁ:i:yf;fCéliforhié." The

“study plot was locatéd on an exposed, well-drained marine ‘terrace,

surrounded by grasslands and wooded gullies. The vegetation was

' “similar to that found ?n ear Claremont; the most abundant plan‘t ‘species

&t this second site was E. fasciculatum.
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The small mammal faunas of the two communities included seven

(MacMillen, 1964) to eleven (Meserve, 1976) species: Neotoma lepida -

(Desert Woodrat), Neotoma fuscipes (Dusky-footed Woodrat), Dipodomys

agilis (Pacific Kangaroo Rat), Peromyscus californicus (California

Mouse), Peromyscus eremicus (Cactus Mouse), Peromyscus maniculatus

(Deer Mouse), Perognathus fallax (San Diego Pocket Mouée),

Perognathus longimembris (Little Pocket Mouse), Reitlirodontomys

- megalotis (Western Harvest Mouse), Mus musculus (House Mouse) and

Microtus californicus (California Vole). The last two species were

rarely captured (Meserve, 1976).

Ecological mechanisms, such as temporal and spatial
differences in habitat andvresoufce utilization, have been suggested
to account for the coexistence of these speciés (Congdon; 1974);
Rosenzweig and Winakur, 1969; ﬁosenzweig, 1973; HooVer_gEugi., 1977;
H Wondolleck, 1978; Meserve, 1974; Mesérve, 1976 ﬁunger and Brown,
1981; O'Farrell, 1978). O'Farrell (1980) has suggested that species
richness on sagebrush desert in Nevada may be augmented by the -
establishmentvof an interspecific dominance hierarchy, as well as by
food resource allocation, microhabitét selection and temporal
partitioning. The behavioral dompogent of species coexistence has
been noted by a number oflinvestigators (Eisenberg, 1963; MacMillen,
1964; Mihok, 1979; Evans and Holdenreid, 1943; Stickel, 1968).

The habitat of this study is classifled as Coastal Sage Scrub

and is located in Los Osos, San Luis Obispo County, California.

Coastal sage scrub was locally described by Hoover (1970) as Coastal

Sand-plains and Stabilized Dunes; this community is found on the
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:south-side of Morro Bay and is most extensively developed on. the
Nipomo Nesa. The general type'of vegetation found in the sage scrub
‘‘area mear .Movr-r'o --,Ba_y;.ﬁabs_?-sbimilair ;to:that found, :Lnthesouthern ) o
C‘ajiforni:aicommunitie»s_;. The Morro Bay 1c.01;11>mun_,it;}.7;‘pin add.lt:.onr_o

A, californica’ and: _S_ mellifera, ,inciuded__-‘ local species of Lupinus,

sArctostaphylos., ‘Ceanothus-and Eriogonum.  Ericameria- ericoides. (Mock -

“zHéather) was abundant. - 0. occidentalis, however,. was :pgt__i_'pr;es_ég_’_c,_.
Among :the:various’ s_peci;es_.;'q_f v;small ;navmmval‘s‘ found in. .,thé :study
-area 1s a subspec1es of- Heermann s kangaroo rat -that 1s unlque ;m the

,,e:g'venus .'Dlpodomyzs,u The Morro Bay ‘Kangaroo Rat, Dlpodomys heermann;t -

£ m’o.rro'ensis:‘,l-v. in‘hablts,a vve:cy l:Lmlted-.,_rang__e «a_;;oun_d. +the r;squtharn.ﬁe,nd of
Morro: Bays- adgacen’t to the Pacific Ocean (unllke most members: - of thls
genusi;® wh_lch 1:we dn more :mterlor reglons), It is: dlstlngu:.shed by

.+ 'having the da‘rk-es t pelage:amnong: ‘all‘-ekan_ga_r—o o- rats and;, an ;f;lr_ic;:en;plete

: :hip stripe (among: ‘other £ eatures).. .«Grifnnelik (.11922 )\» ~consid exe d:the »

' ;ﬁéMbrr;,o.i Bay form ;asdistinct .S‘pecié‘s,. - Boulware: (1943) » dn’ ‘dés crib:mg
two ‘mew: subspec:Les Afrom southern Callf orniay: Iea551gned ‘the: Morro Bay
':::;:Eorm_,_to the -sub.spe’.cie_s devell, - :['he ir.ecil.assificza,tj-,on wa’sr_*bag.rgdxgzgg' —.-.the

 finding that ome of the new subspecies (D.:h. aremae) had characters

intermediate ~'7be‘fween‘fm0rr.o,ens‘is 'aﬁd ‘two 'd.th-er;:;;-subspeciés~‘? o,f;;- v

'D heermann:L (jolonensis and swarthl) :Eound dn-the ‘s ame’ general

geographic ;r:egzlon, 3
i “Since 19'60,;the srangeand ~pqpu1a.t_i,6_n ofp:. b, .L_,'vmpvrf,oen;sis;:has
HE Slteadﬂy .declined. ~-;-.<A:'\.stddyi’byﬁtew.art ..»('19:58")- :}ind_icate,d- the: »entﬁire

range was 4.8 square’ mlles, less: than half:of. which - (2 2- square

:mlles) was occupled by 8,000 1nd1v1duals (Stewart and Roest 196.0)3'




By 1977 fewer than 2,000 kangaroo rats’ were thought to inhébit 6.52
square mile (Roest, 1977). Changes in habitat, such as maturation of
chaparral communities, and habitat destruction due to conversion into
shopping‘and residential areas, have been puﬁ forth as reasoﬁs for
the decline‘in population numbers and range size (Congdon, 1971;
Congdon and Roest, 1975). As a consequence; the Morro Bay Kangaroo
Rat is considered "endangered” by tne‘California Deparfment 6f Fish
and Game (1974) and the U.S. Fish and Wildlife Service.

As part of an éffort to preserve this subspecies of kanga;oo
rat, the California Department of Fish and Game has established an
ecological reserve near Los Osos, Califdrﬁia,:at the southern tip of
Morro Bay. ‘In mid~1978 a live-trapping study of the reserﬁe was |
. initiated, with the objective of determiningtthe current kangaroo rat
population and developing a habitat management plan. A list of smali
mammal species sharing the habitat with the kangaroo rats was
generated at thé same ‘time in.the hope that comparable information on
these other members of the community would contribute additional
insight info kangaroo rat ecology. The éympatric species included

N. fuscipes, R. megalotis, P. maniculatus, P. californicus,

M. californicus, Peromyscus boylei (Brush Mouse) and Perognathus

californicus (Califorﬁia Pocket Mouse). .

The habitat of the reserve was found to be marginal for
kangaroo rats. About 60 percent of the reserve was judged to be

unused by D. h. "morroensis because of the dense vegetation; only 5

individuals were captured during the first six months of the study




~'However., improvement of the habitat was .cons.-idered pqss_ible by
’ cdntrgjlling ,bi‘u_?h_ growth (?I.oyoshima, 1'97.8‘).‘ The s.fu'dy was continue&
.111 197§ 'Wi‘th "_2.:he‘ gv‘oal pf é'stinia»t"iﬁg the to‘tél\‘k‘éngavrbb rat pOpula,tj;o‘n
an-ﬁ“deteirmin'ing what propor»t}i/gn“o:f the‘_origin%'l .réngebwés current'l;y
occ-upied_.' In additionm to t:kvxbelbl“.e“ser'v.e, four otﬁef sites on whiéﬁ_ {\
'l}cangaro'o rats were known to reéidé:»(.Roest, 1977) were eﬁ;amined.; A F
-toital of 36 1live -iia;:x‘g.ardo .'r.a‘n:s‘ was éaptured in 1979; »'the reserve

’ yiélded two Inew indiv:idu‘alvs,‘ (oﬁ:é: adult female and one sxibaduiit:: o
fféiﬁai'é') lv."-“fBasrédf on fhat ~"'c‘1atéf; l’—_fat:-"lrr-é?t"b't;alv"Morr'o 'Bany;ngxai;:ci;ib Rat '
population was : esiiiatad to b efewer than 1,700 individuals residing
in"an area of : 0.49 squéré-m‘ilé {-Toydéﬁi"vmé;,‘u“1:979‘95:." suale ges

PR The" d'::-lté‘.-éolléctéd" throughout the ei”g-hi“t-é‘en%_mbﬁf%:hsm»-df the study

ATk jéi‘é*ﬂéﬁfnmai'izéd in th:l.s ‘r;.e";porti.. - ‘OBs-ervatiénS'- '~f«é_gard'ing 4 meéhddg of
** trapping, distribution of spe:éi;es; ‘reproductive’ activity, seas onal
s AEtiviEy and behavior sire ais{?&;f{ls.‘is‘-éa; Special problems: ‘that arose )
| _' durlng ‘the IS't'tidy ‘are reﬁum’éﬁ;afi:?é:a .,i‘-ﬁajt%lldwniiod‘:i.::ﬁiéat’ibns‘* for' ‘fﬁv‘;iﬁ‘: e"-*’.is?tuﬁ;ies.‘ -

' -.a.rev suggested.




CHAPTER 2
METHODS
THE STUDY SITES
DUNES

This arealreférs to the 50 acre resarve’established by_the
California Department of Fish and Game, plﬁs some 15 acres of
adjacent state park land, shown ih Fig. lv(which also shows the
locations of the other sites described below). Morro Bay State Park
marks the western 5oundary of the reserve; Montana de Oro State Park
marks the southerﬁ boundary. The principal landmark to the east is
Pecho Road; to the nofth is Shafk Inlet and Morro Bay (ﬁorro Rock was

"used as the landmark denoting due morth). A céuple of jeep trails
cross the southwestern side of the site.

In 1978 the distribdtion and relative height and demsity of
the vegetation present on the reserve and»adjacent areas were
mapped. The vegetation was divided intq three categories: tall and

: dense,‘intefmediate and less dense, low and least dense. 1In thg
first cétegory most plants were greater than 3 feet in height; in
some places the vegetation achieved heights greafér than 5 feet and

was so densely grown that it was impossible to pass through it. In

the second category the vegetation ranged from 2-3 feet in height and
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the plants, though éometimes covering a wide area, were more
scattered than those in the first category. The last category of
vegetation included plants which were generally less than 1 foot in
height and were,thé most scattered, with patches of bare sand between
them. A partial list of the major plant species making up each
category of vegetation was made (Table 1). The area covered by each
category of vegetation was estimated by mapping the outlines of each
vegetational area on millimeter-ruled graph paper and comverting the
relative areas to proportions of 50 acres. A composite map is shown

in Fig. 2.
BAYVIEW

" This site is located west of Bayview Drive and south of

Highland Drive; Roderson Drive forms its western boundary (Fig. 3).

The tract covers about 207 acres (the area of this site and those of
the following sites was éalculated from dimensions listed on maps
obtained from the S8an Luis Obispo County Tax Assessor's Office, San
Luis Obispo, California).  In 1977 Roest estimated that only about 50
acres was still suitable for kangaroo rats, the remainder being

covered by dense stands of brush (including Arctostaphylos, Artemesia

and Ericameria). As it is unlikely that more habitat has become.
available since that time, 50 acres was used in all estimates of
population size and density. In the more open areas the brush was

scattered and a denser growth of annual plants was present than at

the DUNES. A relatively heavy flow of human traffic through this

area was observed,




Tablel Slimx.n'ar_y of . the major vegetation categories 'ma_pped,i'n 1978*.

- ":UC'-a‘tegory . o o Species (coumlon name)

S Intemedlate . .Phot:l_nla arbutlfolia (Toyon)
et tall dense . ‘Salvia~melldfera (Black Sage)
(>3:feet high) ~ Lupinus species’ (Lupine) - ;
R o - Ericameria- ericoides (Mock Heather)
‘ "~F,Arctostaphylos ‘morroensis (Manzanrt:a)
<~ ~Artemisia’ californica™ (Coastal Sagebrush)
ac is d.lularls i(Coyote Brush)

i''Iﬁtt=:1:tmad:1'.ate,kﬂ_ o

less dense. .ol
(2-—3‘ £ ei:”_h_\_lgh)-‘ o

' Erys dmum ins ular e (Wallflow‘er) /
~Eriogonum parvifolium }(Buckwheat)

: ast Dense
(41 foot: h:Lgh)

j".«Card:Lonema Iamos*Lss‘:unﬁm (Sand Mat)
v'Orthocarpusﬁpurpurascens (Purple oWl

vi' Cryptanthé ieiocarp _(Popcorn Flower)

* after Hoover (1970)
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BUCKSKIN

This 58 acre site is located at the northerp end of Buckskin
Drive (Fig. 3). The lana genérally apﬁeared to have é greater
proportion of tall, demse brush (plus scrub oék, Quercus) than found
at BAYVIEW. There were areas of‘oﬁen space similar to those found at
BAYVIEW, although of smaller size and more widely séattered. Dirt.
bikes were seen running through the area; the irregular pattern of

open space restricted vehicles to established trails.

JUNIOR HIGH

s

This area (approximately 16 acres) lies to the Soﬁth'and east

A e,

of Los 0Osos Junior. High School (Fig. 4). On the east the tract

R r—

extends to a low bluff above Los Osos Creek and 1ncludes a
once—cultivated field that was being iqvaded by lupines and whére
grasses were already established. This field was pitted with animal
burrows, most of them unused (1ndicated by dlrt~filled entrances)
The southern portion of tﬁe site was covered by sparse Vegetation
(patches pf_low brush and annual plants). Dirt bikes were regularly

observed traversing this portion of the site.

SANTA YSABEL

' This site lies southeast from the eastern end of Santa Ysabel
 Avenue and north of the JUNIOR HIGH site (Fig. 4). It differs from .

i BUCKSKLN and BAYVIEW, being more an oak woodland habitat. The area

includes approximately 25 acres, consisting of a small valley, with a -
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\.. |- san Luis Coastal .|

Unified School = |V

—__/ Figure 4. SANTA YSABEL and JUNIOR
/' HIGH sites.’ -Hatching ihdicates areas
~of trapping and kangaroo rat captu res.
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low ridge on the southwestern side, which is almost completely ringed
by the oaks. The eastern boundary is marked by a row of tall
eucalyptus trees. Annual plants were abundant at the.time of the

study. Few people were encountered in this area.
TRAPPING METHODS

Trap Placement

The placement,of traps on.each site was determined by signs of
kangaroo rat activity or capturés in previéus studies. The presence
of kangaroo réts was indicated by typical burrows (upside-down
U—shapgs) and/or fresh tail drag‘marks,l.Tail.&rag marks ére
characteristic of kéngaroo rats and consist of a brush mark (made by
the dragging tail) between the two elongated hind fobtprints, Areas
of chaparral (thick, dense brush) were assumed to have no kangaroo
rats in residence, based on previoﬁs é;udies (Rogst, 1977; Toyoshima,
1978). vThe.approximate locations of tiaplines éﬁd quadrats at the
DUNES are shown in Fig. 5. andratg are indicated by squares and
rectaﬁglesjktrap;ines by crﬁssfhatcﬁed 1i;és. The majority of
guadrats and tréplinesvhete éstablished iﬁ 1978 (see‘figure key). In

1979'most of the trapping effort at the DUNES was confined to the

Vhorthwest corner of the reserve, where 4 of the 5 kangaroo rats were

trapped the previous year. In addition, two 250 x 250 foot quadrats
were established southwest of the reserve, on state park land. These

quadrats were located in what appeared to be suitable kangaroo rat

habitat, although no active burrows were found.
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The hatched areas in Figs. 3 and 4 indicate the general areas of

trapping (and where kangaroo rats were captured) at the other sites.

At the JUNIOR HIGH a 250 x 250 foot quadrat was established south of

the school buildings, in an area of low, sparse vegeﬁation,

Trapping Strategy

Tﬁe trapping strategy of the study wasﬂto use quadrats
whenever adequaté open or relatively brushless space (an area of
approximately 250 xv250 feei) was available. Traplines were utilized
when quadrats could not be used or when rapid censusing seemed moré
appropriate (as in 1978,‘when traplines were run for 3 nights to
verify the'éontinued présence of kangaroo rats at BAYVIEW, the JUNIOR
.HIGH and SANTA'YSABEL); A qu;drat consisted of 25 traps laid out in
a grid‘pattern of 5 rows, each fow containing 5 traps; each point of‘
the grid‘(called a tfap siation or simply a station) was aﬁout'SO
feet ffbm-the next point ;r station. The area covered by a singlé
station was desgribéd by a square, with the stgtion at its center;
each'side of the square was the same as the distance Between
statidﬁs. Each stafion‘thus‘occupied‘an area ofJSO feet x 50 féet,
or 2,500 square feet; .The totalﬂaréa of a quadrat was‘thé product of
the nuﬁber of.stations (25) multiplied'by the area~qov¢reﬁ.by a
station (2,560 square feet) for a total of 6i,500 ;quére feet,
divided by the area in an acre (43,5605, or 1.4 acres. Traplines
usually consisted of 10 stations (the actual number of stations

varied) with 2 traps at each statiom, set at 50 to 100 foot intervals

(the actual distance between stations was dependent on the terrain).




&

TIraps - . .

‘bait. ‘The mixtures had :th‘e' disedventages of ‘be:ing'vm
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‘The -area covered by -each’ station-was calculated as for the .q-ua‘drate

‘des cfifbe:d '»-'Q-boife .- 'Each -station in & ‘trapline w‘ith—*-l_OOéiE-'oot’-}‘.iut*e’rirals

covered lO OOO square feet (100 %200 feet) “The ?totfalfifére‘a ofrar

trapllne was a- strip. ,’ calculated by mult:_plylng ‘the: number of 7

R stations ‘by 2 500 or 10 OOO ‘and then -dividing ‘the product by
43‘,‘560 Quadrats and’ trapl:mes used in’ the present study followad

the same jiio"éedure used in ’pre'vious: l:iVe-’-trappi’fn‘g» studies ‘of JtH"é?"" =

.Mer.rd Bay Kangaroo Rat ('Congdoﬁh,.';197l.; Roest, 19753 Roest‘;” 1977

R

‘" Sherman Live Traps, both the collapsible (3 x 3.5 x 9 inches)

““and -xibn*‘;&fbilaﬁs-ib:téfr»(a‘- x 3 % 10 inches) forms, Were used in'the ™"

capture—recapture ‘method" of the sr_ud}u The':tfeﬁs' ‘were tsually baited _ -

with Quaker Old—Fashioned Rolled Oats,. ‘More ela“byoir’at“e”v_'vm:iﬁrmife~sb ‘of

7 peanut ‘butter.,‘“twild‘ ‘bird seed; rolled oafs' -and “bac’on ‘gréase were “used

“ on occasion, but did not appear to be ‘more ‘attractive ‘than plain” =

e _expensiv ‘and

: -attractive to unwanted birds and insects (ants and beetles)n A1l

‘traps’ were provided With cotton nesting material as insulatlon

’ ~1ag?a‘ins-1:",‘cb‘c61" nig”ht‘-;t:iine 'te‘mper'atur“es; All"ftra‘“ps‘ were placed“beﬁ"e‘éth )

vegetation, to sh:Leld them f:rom direc‘t sunllght and easy detection by

:';Dersons othe:r than ‘the :mvestlgator». Direct f‘Spnli'gh‘F"’dﬂ"'th'é ‘metal

':"tra‘p's ’r.e'eults “4n the genera't'lon of ‘high ':iﬁ*ternei‘ femﬁei’:etﬁfé.e;ﬂfﬁﬁieh’

' could lead to death due -to*“_h_ypert‘hefmia +to any Animal :Lns:Lde.. “ThHeft
- ot ‘the traps-or ‘of ‘the aﬁj’mal(‘:s‘-) ‘iﬁf_s_:_i_de?was mlnmlzea “(but ‘not e

~completely ‘avoided) by placing traps 4n inconspicuows pldces. -~ "
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Lastiy, traps were set deeply in the sandy spils present on all the
sites and covered over with more sand so that just the front of the
trap Wa; exposed. The soil retained heat which was transmitted to
the tréps and helped further insgiate the.tréps from cold. All
stations were marked by small flags that were usually unnoticeable to
the casual observer. Markers were especiglly important when dense
fog obliterated the landmarks used to orient the quadrats and/or
traplines,

Déspite the.precautionS‘taken, trap injury and/or trap death
did ocqur{ A few kangaroo rats lost the brushy ;ips of their tails,-
which ﬁere nipped off when the trap door closed on them. The animals
appeared tQ'be uﬁdisturbed by the'loséw Animals found dead in traps
were taken to California Polytechnic State University, San Luis
Oﬁispo; California, for preparation as study specimens. The skins
were numbered and cataloged for inclusion in the mammal collection of

the Department of Biological Sciences.

'ffaﬁbing Periods

Trapping periods ranged from 3 to 7 nights in duration.
Quadrats or traplines were established in the late afternoon, left

undisturbed through the night and checked for captures the next

«morniﬁg (generally at dawn, before the sun was high enough to shine

directly down on the traps). Early in the study the traps were left
open during the day, as most of the animals were nocturnal or
crepu;cular, a practice which was probably responsible for at.least

half of all trap deaths recorded in 1978. later in the study the

traps were kept closed during the day and reset in the late-




' many add1t10na1 an:Lmals would be captured 1f traps were made
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aﬁt%@?nQQ?;wthi-S resulted in.a reduction in-the.number of trap.deaths

r\econded»,-..ine,_l97.9 The only exceptions to. the: procedure des: crlbed

! above were :Ln‘._ July of 1979, :On-two: occas:l.ons traps: were checked:

:;every 1.5 0 2 hours from 9:00. P M. to mldnlght and. tw:Lce between

6fOO and 9.:‘00 .A..M. the following morning. The traps were ‘set out-in

two ‘parallel llnes w1th 2 traps at each statlon and 100 feet hetween

. stations. Each llne had 12 statlons. AS:‘LX foot stakes \with strips of

. __flubrescent .orange tape tied to _-the-upper ends marked the locations

of the traps and fac111tated their detect:Lon in the dark. The

vrat:Lonale f or: checklng the traps more frequently was to determlne how

available more thanonce within a given 12 to 14,,“.hour;period .

Data Collected

. 1ndiv1duals. At the tlme of capture 1nformation regarding spec:l.es,

= sex, age (approximated by 51ze .and pelage color), Ieproductive

Captured anlmals w1th the exceptlons of birds and 1arger

T cond:Lt:Lon (scrotal testes, sn_gns o:E lactatlon, pregnancy) and the

'presence of external paras:Ltes (fleas, t:Lcks and Iarely, botfly

1arvae) were recorded for eac:h :mdiv:.dual The an:unal 'was then

.released at the s:.te o‘f capture- Recaptured animals were checked for

'reproductlve condltlon and e‘xternal paras:Ltes, : Changes :I.n age (:L,e, C R

i "maturlng of non-adults) or external appearance (molting) were noted
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Animals that lost fheir ear tags (determined by the presence of a
tear in the ear cartilage) were noted, retagged and the new number
recorded. Some animals»eséaped before pertinent information could be
recorded and/or priﬁr tq application of an ear tag; special note was

made of those animals.
DEFINITIONS AND CALCULATIONS

Trap Night

A trap-night is defined as one trép left out for one night
(Grinnell, 1914). A'quadfat of 25 traps left out for onhe night

constitutes 25 trap-nights.

Relative Abundance

Due to tﬁe differing number of trap-nights in each.month (most
of the trapping was done in the summer monéhS), standardization of
éome sort was needed to allow compaiison of the trapﬁing data from
oné:ménth to the next, of data»from the différent sites, and of data
from diff;rent speci;sw The relative abundance, expressed as the
number of éaptures per 100.trap-nights, Qas caléulated for each
species of small mammal captured during the study, on a
mon th-by-month basis. 'Only live animals were considered, as those
individuals‘lost'through trap'deafh could not be restored to the
popﬁlationu' In any given'month only first captures were included in

the calculations; an individual captured more than once in the same

trapping interval or in the same month, was counted only once.
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. individuals 'could not 'be positively» identified<

wou'l,d have -resul't-eﬂ in 'overestimatiqxi*s {:':.C'i'fffP.QPﬁlﬁﬁiqniﬁe‘i‘ﬁe,
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Howev_er.,- if.an individual _captured 'on_e month was recapture:d; 3 months

later the relat:we abundance for ea ch month would 1uclude that

. 1nd:Lv:LduaL Captured anlmals that escaped pr:tor to the appllcatlon

of a numbered tag were also excluded from the calculat:tons as thOSe :

Relative Dens ity

Relat1ve dens:tty was calculated as the number of captures per

'!acre trapped Only the area actually covered by trapllnes or

quadrats was :anluded On the majorlty of sites the most su1table -

= " ‘t::-m«‘

kangaroo ra‘t habitat was patchlly d:Ls trlbuted to have extrapolated

the number of 1nd1v1duals trapped to the entire acreage of each 51te

The-

Aplacement o_f traps was determlned by the 1nvestigator s estlmatlon of

» the 11ke11hood that kangaroo rats Jwere present includ:tng only the

,Sa?fecies_: “Turnover . - r fnla o elariyee Dhanl na

One way to mon:rtor changes in the compos1t10n of a pOpulation

is to examine the number of new (1~e.., prev:musly untagged) captures

“trapped -over & COmmOT unlt“:;gf_;‘;t ime, -"_I].'fi;e _ p»erfezeut ag e ofn ew]fc ap tures

L Was: calcula‘t:ed for -each tSpTecfi‘é's“‘f#o'n :ﬂf"a%?"mez‘i?t-hly: fbéfs‘i s Anlmals £ ound

dead dn “thetraps or tha't escaped prier: to tagg:mg were - excluded

'from‘ thec alcul_a:tions TN EE
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Sex Ratio

The ratio of male to female captures was calculated by
dividing the number of males trapped dﬁring the study by -the number
of females trapped. Animals found dead in the traps or that escaped

prior to tagging were excluded from the calculations.
Age Ratio

. The ratio of adult to nom—adult captures was calculated for
each species at each site. Animals were classified as adults or

juveniles on the basis of relative size and pelage color. No

attempt was made to distinguish between immatures and juveniles.

Kangaroo Rat Populaiion Estimate

In 1977 Roest oﬁtlinéd four non-conventional methods for
eétimating the.size of the Morro‘Bay Kangaroo Rat'population. The
fationaie for using these méthods was based on the finding that véry
few kangafoo.r#ts ﬁeré caught despite a considerablé expenditure of
t;apping effort. It was felt the estimates were more reasonable,

given the available data, than might be expected from estimates

‘based on more conventional methods, such as the Lincoln Index. The

assumptions made for each method described below were based on

actual trapping data.

Method 1: Assumed territory size; The distance between the

station of the first'capture and subsequent recapture at a different

station was assumed to be the minimum distdnce within which one

kangaroo rat would not allow another to establish a home burrow.
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The ‘ass"&med ““territory” was described as.a‘circle with-a radius of
“the mnmum t'id‘-isj:'aﬁcfé mentioned f_-‘above.;'" The results yield: that- :
P ort 'i‘oﬂ‘_‘:v‘ &F f-'iéfn' 'ﬁc’%’e 8o} ctu@ied by : oﬁé-‘:kag;g‘:éibo: ra’;:,-iﬂ‘ f‘rom* which a: /=
density Value(rats per acre) ééuld—:-be'-:ééléuléfed,, ; The jp’r‘oduc;tlf of
density Y'miilf:ip]jiled by “the 't qtél{;f’-es timated” | acreag é of the oc c“up“i ed
\port-ion'.of the range eqxi_.ais t’he '-esfimated “tOtél number of kangafoo

Tats present.

Method 2: Dené’ity per site. vIn' this 'method the popul_é.tion
estimate :Ls calc_uia_te_d"fffpm fhe pr'oduc%t o;f' the est-iméted 'acreagé of
a‘. given »site mulfi*pliéé by the aé‘tual nﬁm’be: 'of. kénéafoo rats - -
i ‘ ca,ptured_';:p:er ‘-acrve of a}:ea cbv.efe& b_y»fraplines .ana /ox quad:;.ats;. '.‘I'hek'“

site estimates were summed to yield a total population estimate.

Method 3: Average density over the range. ' This method is
 _similar to the I':Jreviou‘s method except it is based on an average
vdéns.ity' va‘iué (average ninﬁber .of kangaroo rats p eruabi’cre' trapped)

multiplied by the are‘aji-' of the oécu_p'ied portion of the I"angké,

‘Method b 'Prdportional relative abundance. The last method

utilizes relative :abunda'u:i_c-e, and. d ensity values to estimate the
number of kangaroo rats at -each site, which are then summed to yield :
the population estimate. The £ ollowing -aequaiion was used to -

calculate R, the estimated number of rats per acre: ‘

“pormal” relative density

R =z — — . X relative abundénce at each site
"normal” relative .abundance B B ' e
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|

" where "normal" relative density and relative abundance values are

assumed to be those of the "best” site for kangaroo rats (i.e., the
site with the greatest number of rats). The product of R multiplied

by the acreage of a site results in population estimates for each-

_individual site, which are then summed to obtain an overall

population estimate.
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A;Spe.cies Composition .and Distribution

are the total trapplng effort (trap—nlghts) and area covered b

. ;-)si’te is ldsted.

‘CHAPTER 3

REsorTs

'SUMMARY OF TRAPPING DATA =

Data for each small mammal species captured at all thes ite

‘,'of

’iﬁc.fuded 'in t'he ‘study'are sﬁmnieriZe& in Table 2. The

e anmals trapped and marked is. 115ted values "iIi ﬁai‘e‘nfhe'ses'"‘:iy‘n‘d'icav'te

:md1v1duals lost through ‘trap. death Note the consplcuous absence of -

% LE' maniculatus from all s11:es but the DUNES (w1th a slngle

except:l.on)- BAYVIEW ylelded the greatest number o:E kangaroo rats-

P - boyled was present only at “BUCKSKIN and SANTA YSABE'L" Als

traplines and quadrats at each site. .Estimated .‘cot.al area of eac

 Kangaroo Rat Captures

Table 3 summarlzes ‘the trapplng data for D. h morroensis,

J.isi:ed in‘ chronolog.lcal order by s:x.te 1ocat:Lon‘ At‘t'we DUNES tw

animals (Nos, 990 and 539) were trapped in both 1978 andy 1979

An:unals Ed ound dead :Ln the tr:ap or that dled wh:Lle under observatlon“b»

were ‘so noted
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Table 2. Summary of trapping data (numbers in parentheses are those
individuals found dead in the traps).

Number of animals trapped

Species ‘ ' DUNES BK BV JH SY
70»'570(3 Dipodomys heermanni morroensis 8 5 26 8 - 8.
(Morro Bay Kangaroo Rat) (1) (2)
’9'303 Peromyscus maniculatus A - 185 0 1 0 0
(Deer Mouse) (17) :
Chaetodipos
Perognathus californicus 27 13 3 0 4
(California Pocket Mouse) (1) (2)
F-15q Reithfodontbmys.megalotis‘ 14 3 1 0 4
3 (Western Harvest Mouse) - (D) E
33;5{3 Peromyscus californicus 10 3 Y 4 - 8
(California Mouse) : ' _ : _ (1)
1o-glq Microtus californicus ‘ 3 0 1 0 0
i (California Vole) T (2) '
gog-séoﬁ Neotoma fuscipes . A 1 Ai 0o 0 1 5

(Dusky-footed Woodrat)

Peromyscusbboy1ei 0o 1 o 0 2
(Brush Mouse) : '

Lepus californicus 2 0 0 0 0
(Black-tailed Jackrabbit)

Spermophilus beecheyi 0 0 - 0 1 0
(California Ground Squirrel)

Total trap-nights 3,268 224 366 228 218

Totdl acres trapped 25 6 8 7 6
Total acreage per site (approx) 50 ‘ 58 50 15 26

BK = BUCKSKIN, BV = BAYVIEW, JH = JUNIOR HIGH, SY = SANTA YSABEL.

ST e mEmET w o

T

= FTIES T s o8

H U DR

ST R



Table 3. Summary of trapplng data for tagged D ‘he 'morroen31s at
all s1tes 1ncluded in the study. :

Site Tag # "~ Dates of Capture
3 . ' . R ~
DUNES
- (1978) 998 5/23
- 997 5/24:; 6/28-—7/7 7/23-28; 9/21—22
912 6/1 (First trapped and marked on-4/15/77)
990 - . 7/1-33 7/5; 9/225° 12/21—22 e
815 - 7/23-27
E 539 12/22 S K .
T(1979)  990% 1/20-21; 2/4—5 2/7* 3/11‘ 3/20 3/3l~)4/l 5/19—20 ‘
: 539*% 3/10—12 3/19—20* 4/1 5/19~20; 6/13—15 6/22-24,

- 570 5/19
727  8/1
(1978) 846 8/9-11
' - 847 8/9-11
L ; . .851 - 8/10-11
¥ Py 855 . 8/11
i S - 3:1 8/11
Y = (1979) 578 7/7, 7/9 -
i : 579 7/8/, 71 (KEpt under dbservation unt11 7/21/79)
B ‘ S —— 7/9 (Found dead in a trap displaced 200ﬂfeet) ’
e st 581 7/10-13 , R ‘
SR R 582 . - 7/10-11
585 . 7/1%1
741 - 8/15-17, 8/24 - R :
e 815 (Escaped prior‘to marking with -ear-tag)
742 . 8/15-17,-8/24 o
723 8/15-17 (Died 1n captiv1ty on 8/17/79)
Tk 8/16
T45 8/16-17, 8/22—233'
746 8/16-17, 8/22-23
747 8/17, 8/22, 8/24
748 - 8/17, 8/22
750 8/17 8/24
751 8/17 8/22-24  (Kept under observation until
S . 8/27/79) s
753 8/23—24 (Died im captivity on 8/24/79)
754 8/23
756 = 8/23

758" 8/24

* First captured and marked in 1978
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Table 3 (continued)

Site - Tag # Dates of Capture
JUNIOR HIGH
(19.78) 891 8/23-24
895 8/24
(1979) 598 7/24
599 7/24-25"
706 7/25
707 7/25-28
713 7/26, 7/28

720 - 7/28

SANTA YSABEL
(1978) 89§' 8/31

897 8/31, 9/1

- 9/2 (No tag available to mark animal)
(1979) 595 7/24-28 '

704 7/25
705 7/25-26, 7/28
711 7/26
719 7/28
BUCKSKIN j
(1979) 583 - 7/11
723 8/7 . :
—_— 8/9 (Died in captivity on 8/9/79)

733 8/10-11
737 8/10
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No .

Trap Deaths R
Iotal trap losses (trap deaths) are summarlzed in Table 4
v:l.s:_ole wounds were observed on any of the blrds, ‘and the exact
It was assumed the birds en'tered traps

causes of death were unknown* A
during the-day.and Wei"e,unable to »—tés_cape* death'may have been due to
The causes of death 1lsted for the mammals give the

h_;yperthermia‘
The eatlng of

most llkely ‘pOSSlbllltlesx, -given the cond:l.tions under Whlch ‘they were

result of an aggress:we attack by the second anlmal

flesh was assumed .'_.td-.be ‘a .su:rv:wal strategy.

Double Captures

or ‘it was cdnnibél‘;t,_zed by the

-either because the animal escaped before it could be

ascert a:Lned

s &

checlxed and the ‘:'Lnfvorfm’z'ati.on i‘ecorded

o—-c;, apt:we anlmal. The othér 1ntras§ecif1c double captures i'nvolved

R megalot:Ls (alZL male/:female jpa:Lrs) and iP‘. callfornlcus (an adult
male was captured w:Lth a lactatlng adult female).. o ’

Ihe flrst case of ;Lnterspec:L:E:Lc double cap'vcure"wa.Ls ‘of an adult

male P manlculatus trapped w;th an adult male P. callfornltus.,
(nelther in active breeding condition’)_,,,captured in the summer.
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Table 4. Total losses due to trap deaths during the study.

Species n Probable cause of death
P, maniculatus 4 Caught by trap door (asphyxiated)
‘ 7 Unknown; cannibalized by co-captive ,
P, maniculatus - '
6 Unknown--possibly due to "stress"?
R. megalotis 1 Caught by trap door when attempting to
C escape
- Perognathug* 1 vUnkﬁown'; cannibalized by co-captive
’ P. maniculatus
D. h. morroensis 1 Shock, "stress"”
2  .Hypothermia, self-inflicted injuries
1 Found dead in the trap
3_1_;._ californicus - 1 Found dead in trapF-"stress"?

Zonatrichia leucophrys 3 Hyperthermia?
(White-crowned Sparrow) '

i Thryomanes bewickii = 1 Hyperthermia?
3 (Bewick's Wren)

* Perognathus californicus
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TableS Summaxy o:f :Lntraspeciflc double capture data collected
cdurlng the study. . ot FU o

“Male/Male

Ihﬂcnown’“”‘c o1 ) , 0

Sexes .. . .. P, maniculatus %' -R: “megalotis 7 P. californicus’

Feﬁxale/Female N ‘ 5 0

Male/Female L b'l'8 S 5 L " L 1

- * pumbers indicate the number of pairs dnvolved

_** gex of. one co-captive: could not be idféte?rmin‘é‘ﬁ' (see text).




The second case involvéd an adult feméle gs maniculatus in a
non—reproduétive state captured with a Perognathus of unknown sex,
age and réproductivé'state. The deer mouse had consumed part of the
pocket mouse (head and viscera); whether the latter anlmal had a
numbered tag was unknown. This case occurred in the fall.

The majority of double captures occurred durlng the summer and
_fall (29 of 45 = 64 percent). When trapping effort per season was
taken into account, the number of double captureg per 100 trap-nights
for E,_maﬁiculatﬁs was 4.0 in the winter, 0.8 in the spring, 0.7 in
Fhe summer, and 2.0 in the fall, For R. megalotis, the number of
double captures per 100 tré?-nights was 0.4 in the winter, 0.2 in the

fall and 0.1 in the summer; for P. californicus, 0.2 in the fall.

Night Checks

Table 6 summarizes the data collected on the two occasions when
trabs were checked for captures between 9:00 P.M; and 9:00 A.M. the
féllowing morning. On the first occasion (July 19-20,'1979)'fWO
pocket mice (Nos. 829 and 590) were captured before midnight and
between midnight and 6:30 A.M.; thé second animal had traveled about
100 feet froﬁ the site of initial cépture. (These animalé were
counted . only once in the calculations of relatlve abundance, relative
,dens1ty and trapping effort.) The.single deer mouse captured had
been previously.pagged_ .On the second occasion (Jﬁly 31-August 1,
1979), no animals ﬁere recaptured. Two of the deer mice captured had

been tagged earlier in the study. A new kangaroo rat (No. 727) was

éaptured, the only non-adult animal trapped at the DUNES.
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Table 6. - Night check -trapping-data’collected at ;hé.DUNEs.

. 'Tiﬁe of- e ' e . Tag \» o Site
Date - “check . Species R Sex Age #

- July 19 7:9:00 PM “":}:'Nd*f"ci%iii'tufes" Bt
| E 20030 ;pe'r'ogﬁéthiisi* 829 '“Héiei Adwr 7
""f.;if1>éf6"g.hétﬁﬁs2_‘ ..5’9‘—‘0 e g
B L 00 AM o _P: man‘lculatusz 600‘Ma 1le Adult " 15

‘Perognathus3 il Tyare Taduie 14

Jdly 3L 9:00 P No captures

g

© 205 pomemlewlersst 728 71 m

1100 | No t:ap‘tiilr’es‘

. Mugust 1 6:30 44  P. maniculatusd 562 Male Adult

- 2. maniculatusS . 524 Male . Adult - 13

~ D. b morroemsis 727 . Female Subadult... 17

8330 ' No chptﬁre,s.;”.

1 Perognathus californicus »

? Had ‘tag when captured; no previous record found

3 Esc ap:'e"'d Iyrior .‘1 otagging

<% Age'and seéx mot Tecorded”

2 Firsticaptured 4/15779 1 - WL

b First captured 'J,-O.‘/15~77'13*: s
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POPULATION DYNAMICS

Relative Abundance

Monthly relative abundance values for each species captured_at
the DUNES are summarized in Table 7. Relative abundanée valués for
the entire ‘study are included. P. maniculatus was the most abundant
species and_ﬁ; fuscipes the least abundant. Values fo: D. h.
morroensis in 1979 (January through June) reflect the repeated
capture of 2 individuals,'Nos._999:and 539,

Table 8_$ummarizes the relative abuhdance valugs for each
épecies trappeé at BAYVIEW, BUCKSKIN, the JUNIOR HIGH and SANTA
YSABEL. Comparison of Tables 7 ‘and 8 indicate BAYVIEW was the,bést

‘site for kangaroo rats and the DUNES for P. maniculatus.

Relative Density

Monthly and ovérallvvalueS’for each species captured at the
DUNES are summarizéd in Table”Q- Values for species trapped at the

other sites are summarized in Table 10.

Turnover of Individuals

Table 11 summarizes the'monthly (and oVerall)’turnover of
individuals trapped at the ﬁUNES, The repeated captures of
individual kangaroo rats result in a low overall turnover value (the
lowest of all species found at this site). All N. fuscipes and

R. megalotis captures were of untagged animals. The capture of new

deer miée tended to be higher in summer and fall.




‘May, 1978

. ‘Cumulative ' 0.2 .
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Table 7. Relatdive abundance (captures per 100 trap—nlghts) of small
',mammals captured at the DUNES : . , -

.“mJuly
~ August

} 1.0

-~ January, 1979 1.1

~ N 1.1

~March - 1 1.2
2.0
0.7

July

August - R |

“October

" Month .  Dhm* . Pm Pc Rm e Me  NE

i

U 0o Ut
Hwo sy -

049
Juoe & L LT
' ‘ 0.4

“

ocpo *
AN, GO

_ 0.2 =
September 1.7 i
October o
Novenber-
December .

oo
&
[« RY- RN

Ny

f\j’ .
BUiS L G

4

Hooowbmwyo

February 2f3 '

April
May
June

o
Mo
H ¢

Mo s

September

s

1.3 0.6

U
=

':¥5-0_3 0.4 ;

... Dhm = D. h 'morroens1s,fPﬁ'- P,‘maniculatus Pc = P. callfornlcus, ﬁQ
 Rm= R, megalotis .Pgc.= Perognathus californlcus,‘Mc =M. -

”.californlcus, Nf = N fusc1pes N
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Relative abundance (captures per 100 trap-nights) of small

Table 8.
mammals captured at BAYVIEW, BUCKSKIN, the JUNIOR HIGH and SANTA
YSABEL.
Site Dhm Pm Pc Rm ch' Pb = Mc Nf
BAYVIEW
1978 July 9.3 : ,
1979 July 3.0 T 0.6 : 0.6
August 9.7 0.7 2.1
' Cumulative 6.6 0.3 0.3 0.8 0.3
* BUCKSKIN
1979 July 1.6 1.6 3.1 ' 6.3 1.6
August - 1.9 1.3 0.6 - 5.6 -
Cumulative 1.8 1.3 1.3 5.8 0.4
JUNIOR ‘HIGH
1978 August = 4.2 8.3 2.1
1979 July 3.3 :
Cumulative 3.5 1.8 0.4
SANTA YSABEL
1978 September 3.8 6.4 . 6.4
1979 July 3.6 2.1 2.9 2.9 ‘1.4
Cumulative 3.7 3.7 1.8 0.9 0.9 2.3

Dhm = D. h. morroensis, Pm =

P. ‘maniculatus Pc = P. californicus,

Rm = 5, egalotis, Pge = Perognathus californicus, Pb = P. boylei,
Mc = M, alifornicus, Nf = N. fuscipes .
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.{‘T‘a‘»ble 9. Relatlve dens1ty (number of captures per acre’ trappe )"’3‘"of
‘small mammal spec1es trapped at the DUNES.. T s I

Month . - Dhm P P Ru  Pge . Mc. - N

-May, 1978 ‘ 1.4
- .June - ‘ 0.7
July -~ 4 © 0.4
August : : .
September . 2 0.5

October
November
December 2
January, 1979 L2
Fedbruary : i
3
1

+

oo N0 oo

.«

e Co
LW wao'ty
L} » @
O‘OO
W W
OPO
N 00y

é

Marxch
April
‘May . :
~ June o 0.
o July L
" August 0.7
... September ' :
"' October

et
oxgb‘Oc»\l.

1.9 -

[

NEHER o®ot

SENIY

»

0.5 0.3

[XENE
L} +
_c\}-'

 Cumulative 0.2 T.h 0.4 0.6

' _,Dhm D h. morroensis,, Pm. = P. maniculatus, Pc = P. californicus,
" Bm = _R_ megalotis, Pge = Perognathus callfornlcus,, Me..= Ii i
cal:rfornicus, Nf = N fuscipes \ , s
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Table 10, Relative dens':_Lty (number of captures per acre trapped) of
small mammals captured at BAYVIEW, BUCKSKIN, the JUNIOR HIGH and
SANTA YSABEL.

Site ' Dhm Pm = Pc Rm Pgc Pb Mc Nf
BAYVIEW
1978 August 9.6 _ o _
1979 July 1.8 ' 0.4 0.4
August 5.1 0.4 1.1
Cumulative 3.0 0.1 0.1 0.4 0.1
BUCKSKIN
1979 July 0.4 0.4 0.8 1.6 0.4
August 0.8 0.5 0.3 2.5
Cumulative 0.7 0.5 0.5 2.2 0.2
JUNIOR HIGH :
1978 August 0.5 1.0 0.3
1979 July 2.6
Cumulative 1.1 0.6 0.1
SANTA YSABEL _
1978 August 1.0 1.7 1.7
1979 July 1.6 0.9 1.2 1.2 0.6
1.3 1.3 0.7 0.7 0.3 0.8

Cumulative

Dhm = D. h. morroensis, Pm = P. maniculatus, Pc ='£.. cali‘fbrnicus,
Rm ='R. megalotis, Pgec = Perognathus californicus, Pb = P. boylei,
Mc = M. californicus, Nf = N. fuscipes ‘
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Table 11.
DUNES..

Turnover of i"ndivi'd»uals‘».of each species trapped, at j;h;é
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Month

Proportion of mnew individuals Cap'tiiféa each month#*

Dhm

Wﬂmay, 1978

= g une’
July

Augusto oo
September

October
November i
De c’einb"é:'r

January, 1979 0

February -
March .

May ‘
=~ June R
» .;July
l 'August
. ‘September

© Cumulative

100
| 67

0 i . wiazain

g

_ Pm. . Pc.  Rm -

100+

86 100

100
: 100,' o400 T
7907 100 100

100

B3 100 100

Pge = Mc . Nf

S

100 .

15

‘Dhm = D. h morroens:[s, Pm = P.
- Bm = R. megalotis Pgc. =
o callfornicus, Nf

niculatus, Pe= P. californic
Perognathus cal:ufornicus, Mc =M.
N. fuscizes , e

*: New captures each Jnonth/total number of" captures each month
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A1l individuals of all species trapped at BAYVIEW, BUCKSKIN,
the JUNIOR BHIGH and SANTA YSABEL were new captures when turnover was
considered on a monthly basis. Some individuals were recaptured

within a given trapping period, but not in different frapping periods.,

Sex and Age Ratios

Table 12 summarizes the sex and age;ratios_calcuiated for the
.;fecies trapped'at the DUNES. Female kangaroo rats and harvest mice
were more often trapped than males 6f either species. Equai numberé
of male and female pocket mice we:é.trapped. For all species more
adults than non-adults (juveniles) wére captured,

Table 12 aiso summarizes the sex and age ratios of animals
trapped at the other sites included in the stuéy. At BAYVIEW the
captures of D. h. morroensis were éqdally divided between males and
fgmaies; the ggeatest‘number of juveniles were also trapped at this
_sité (juvenile kangaroo rats were a1sp favored at BUCKSKIN). At

SANTA YSABEL more female than male kangaroo rats were trapped. At

the JUNIOR HIGH all P. californicus trapped were adult males.

Estimation of Kangaroo Rat Population

The following calculations Wefe bééed on déta collected
between June and October, i979; During‘this time all the.sites
included ip the study were sampled (in the previous year trapping was
not carried out at the BUCKSKIN site). The occupied portion of the

range was assumed to be approximately 214 -acres (from Table 25, the

total acreage of the sites included in the study.
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' Tablelz Cumulatlve sex and age ratJ.os for the small mammals:im,: .
e trapped at each -site. R Jhen

Site . . .Ratio* Dhm = Pm . pc. “Rm Pac  Pb  Mc

DUNES . . . . M/E . 2/6 113788 8/2  6/7 I2/12° < 251

A3 T/ 1657367 8/1° 122 21/3 == Tp

BAWING  WF 1212 1/0  -— o/ 1/2 _—— 0/1

A M0 04— oA s a0

Y O U 21 Y S 8/5 1/0 S

| JUNIOR HIGE  M/F  6/2  —- 40—
R R T L e

Dhm D “he. morroensis Pmo= P maniculatus, Pc- P callfornicus
Rm = 1{_ megalogtis ch = I’erognathus callfornlcus Pb =.Ps __b,,oyl.ei._
= I'L cal:i:fornicus . L : :

ok M/F = ;m;alel_f‘emalei; 'fA"/.J = adult/juvenile o
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Method 1: -Assumed averagevterritory size. A total of 22
kangaroo rats were trapped more than once during a given trapping
session. Of those, 15 returned exclusively to the site of original
capture, 2 were recaptured in traps 200 and 700 feet from the initial
capture site, and 5 were found 100 feet. from the site of original
capture, The.assumption was made that each of the latter 5 rats was
trapped within the limits_of its territory, either leaving or
returning to its burrow. The territory was assumed to extend at
least 50 feet in all directions from the home burrow. The dietance
of 50 feet was chosen because 15 of 22 kangaroo rats were trapped

-less than 50 feet from the initial site of capture. A circle with a
-radius of 50 feet covers an area of 0.18 acre (7, 845 square feet).-
Assuming that a single rat occupies 0.18 -acre, then a density of 5.5
kangaroo rats per acre (the reciprocal of O, 18) can be calculated
The product of den51ty (5.5 kangaroo rats per acre) multiplied by the
occupied range (214 acres) yields a population estimate of 1, 172

kangaroo rats.

Method 2: Density per site within the range. A density value

was calculated for each site, which was then multiplied by the
acreage of the site to yield a site population estimate. The site
estimates were summed to yield an overall population estlmate. This
method resulted in a population estimate of 345 kangaroo rats
(details " regarding the density of D. ly morroensis at each site, the

acreage actually trapped and the number of kangaroo rats at each site

are summarized in Table 13).
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7 Tabie 13. »“I{aﬁg’.'aroo rat Population estimate (by Mefhod'.uz_): . density

.- {kangaroo rats: per acre) at each site ‘trapped multiplied by the area
~-of each site (from Toyoshima, 1979) L T R A

0 wmeviviAcreage © Number Y‘Num-bé’f‘;ef  Total Population -
Area Trapped Sampled - Captured- Acfre . _Acreage . - Estimate

 BUCKSKIN - . 2.8 4 13 o584

SANTAYSABEI. 33 5 L6 26 e 4

- 18.6 36 __" L9 24 s
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Method 3: Average density'within the range. Mean density

(calculated from the site density values in Table 13). was multlplled
by the area of the occupied range to result in a pOpulation estimate

of 409 kangaroo rats.

Method 4: Proportional relative abundance. The site with the

.hlghest overall relative abundance and density was BAYVIEW with 6.1
kangaroo rat captures per 100 trap-nlghts (Table 14) and 3.5 kangaroo
rats_per acre.- The relative density and abundance of the other sites
vWere compared to the relative density and abundance of the "best"
(1 e., BAYVIEW) site by the relationshlp glven in Equation 1. The
resulting values of R for each 31te were then multiplied by the area
of‘the site to yield a site population estimate. The site estimates
were summed,:fesulting in'a population estimate of 331 kangaroo rats;
A summary of the population estimates generated by the four
methods described above is presented in Table 15. An additional 500
kangaroo rats- ‘may exist in small pockets of suitable habitat not

.trapped during the study (Roest, 1977)

BIOLOGICAL DATA

Breeding Season

‘Reproductive activity for each of the species below is

graphically summarized in Fig. 6. .

‘D. h. mprroensis, Males with scrotal testes were trapped in

July. Lactating females were trapped in May, July and August. One

female (No. 997) was trapped in July, 1978, and was observed ‘to have
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Table 14. Density and population estimates based -on. relative

abundance of kangaroo rats (rats per 100 trap-nights) for each area.
- The basic ratio (relative abundance:relative density) is based on

~data from the BAYVIEW site ». considered to depict the "normal”

~ population (from Toyoshima,-1979)

X ' . "~ Basic* Relative Rats per Total _Population
Area Trapped TRatio . .. Abundance - Acres R - _Acre€age Estimate’

CDUNES 057 BB Qa5 e g
BAYVIEW : R 0’.5;7 o 6.06 ‘ »_3'45 S 50 Lk ; 173 SRR
BUCKSKIN . 0.57 T S |

'JUNIOR HIGH . 0.57 * " 333 17s 15

| SANTA YSABEL  0.57 3.57 26

Tofal . 331

* from Equation 1
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]

Table 15. Summary of D. h. morroensis population estimates generated
by four different methods (taken from Toyoshima, 1979).

Me thod - _ Estimate
Assumed territory size ‘.1,172
Densitj' X Acreage per site o , 345
Mean density x Area of range currently occupied 409

Proportional relative abundance ' . 331
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a bloody discharge from the vagina, which hed disappeared by the
following day; the cause of the discharge was unknown. The'discharge
was not thought to be the result of giving birth, as this female had
not appeared to be pregnant when captured during earlier trapping |
periods. Juvenile kangaroo rats were eaptured from early July to
early September; one'juvenile captured in August had a molt line

across its back.

P._maniculatﬁs, Pregnant females were‘trapped in April, July

and August. Lactating femeles were trapped in April, June, July,
August, September and October: Perforation of the.Vulva was noted in
nine females'trapped'in April and May. Males with scretal testes
wefe.trapped in April. Juveniles were tfapped in January,’May, June,

August, September, October and December. A deer mouse trapped in May

was molting into (presumably) adult pelage.

P. californicus. Lactating females were trapped in August and

October. A female with a vaginal plug (indicating a recent mating)
was trapped in July; a female with a perforate vulva was trapped in,

,August. No males with scrotal testes were captured. Juveniles were

. trapped in March, August and'Septemberw

P. boylei. A single lactating female wes trapped in the

¥ ] pring .

R. megalotis. Pregnant and lactating females of this species

Were trapped in July and Augustm A.male with scrotal testes was

'irapped'in July. Juvenile animals were trapped in July and August.
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Pe-r.ognathus ca'l-iforn'icus. Although fleld data concernlng '

reproductlon in this species- were sparse., :Lnd:Lcat:Lons ‘are for active
breedlng in spring and summer; Lactatlng females were trapped 1n‘
July and August; juvenlle anmals were trapped in Apr:Ll July and
August, No pregnant females or males with scrotal testes were

trapped durlng the present studyr_

'M.. _californicusr A-Juvenlle anlmals of thls spec:Les were

J.n January and Septemberﬁ, indlcating actlve breedlng took

place in late summer and late fall-early w1nter‘. -

s

N :Euscipes». No data Were recorded durlng the present study
——PF

regard:mg the reproductive activity of . this species..'.*.- T

'Long evitj'y
P

7

- Ex.amples' of long~lived .siﬁall-,manni;a’ls trapped. at the DUNES are

1:l.st d in Table 16

Travels.

The magority of recaptured arzlmals tended to; return to t»hé‘-_;

‘s:Lte of 1nitia1 ‘capture or to a nearby site I‘his Was especlally .
true of D. h. morroensis, one of the kangaroo rats trapped at the
ZDUNES in both years o:E the study (No. 990) had :remained w1thin 150

feet of the site of or:Lg:Lnal capture and d1d Mot move more than 50

‘ :Eeet 'between any two captures The pocket mous e that surv:Lved for‘
| 356 days was. last trapped Wlthin 200 feet of the srte of 1n1tial |

capture,
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Téble.l6. Time between first and last captures for selected species.

Tag # of Dates of Capture

Species’ it Days First last
D. h. morroensis 912 411 4/15/77 6/01/78
990 323 7/01/78 5/20/79

539 184 12/22/78 6/25/79

997 121 5/24/78 - 9/22/78
P. maniculatus 823 262 7/25/78  4/13/79
836’ 255 8/02/78 4/14/79

993 175 6/30/78  12/22/78

838 186 8/03/78 2/05/79
516 119 10/08/78  2/04/79
‘P. californicus 833 261 8/24/78 4/21/79
Perognathus* 829 356 7/28/78  7/19/79

- * Perognathus californicus
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Long dlstanC31mOVES betWeen trapplng perlods (1 Ca.y greater
than the d:Lsta:nce to the Tnext trap stat:.on-——SO to ;LOO feet) were

usually accompllshed over a 1ong perlod oi tlme":A deer mouse was-

:found to have traveled a dlstance of about 700 feet over a perlod of -

79 days.
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CHAPTER 4
DISCUS SION

The association of a given mammal species with a given habitat
type has been stﬁdied'by a number of investigators. A variety of
cues upon which selection of optimum habitat are based have been -
suggested. D. deserti has.been found to show a strong preference for
stabilized dunes, which a change in habitat quality did not alter.
Moreover, this species will behaviorally exclude'sympatric species,

such as D. merriami and Perqgnathus_longiﬁembris, from the preferred

" ‘habitat (Congdon, 1974). Sympatric species may coexist by exploiting

different portions of the same habitat, as shown for Perognathus

penicilliatus and D. merriami by Rosenzweig'hnd Winakur (1969). The

sculptural profile of “the vegetation‘was believed to be one of the
cues-usgd by the two species in selection of habitat, which.
.Rosenzweig (1973) tested by tailoring test plots to alter the height
and density of vegetation. The pocket mouse was common only when
foliage over 435 cm ﬁigh formed aﬁ important part of the vegetatién;
The'populatidn density of the kangaroo rat was found to be inversely
proportional to the density of the foliage layer between 8 and 45 cm
(3 to 18 inches). Hpo;er<gz_§£3 (1977) found evidence that soil type
may i?fiuence the distribution of two sympatric species of pocket

mice, Perognathus penicilliatus and Perognathus intermedius, in

‘ "Arizona. A behavioral componeﬁt was indicated by the behavioral

3

dominance of penicilliatus over intermedius in laboratory trials.

52
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The phys:u:al presence of one spec1es may ~:Lnfluence the way a‘second

) spec:Les ‘utlll es:. the same env:.ronment -as- shown by Wondolleck (1978)

. f or: Perognathus amplus .and D.,mernamm The:’_smaller"’-'gf‘anivore,' ‘which

»tended "to forage _,;’n Ea;‘j\e‘a-s_ of ’ clump,ed-_ .an'd =8¢ at_ft.ér_:e‘d' ‘vegetation; would

- Shj_ft into the open miero.habit‘at.:;normally -occupied by “D. ‘merriami -

.. ;When the flatterj,specieg:;ew:as:. ;:physi:céaﬂy- Temoved. - - -

’ ;__continued coex1stence among: sympatrlc spec1es'.‘ Phys:Lcal separatlon

- of forage areas, competltlve dlsplacement of su“bord:mate specles from ;

_vpreferred foods and flex:Lble feedlng strar.egles of the” subordlnate
spec1esn' (to ensure contlnued coexistence during ‘periods’of changlng

food availabi 1ty.) may have ‘Deen\:m operatlon amo g the species

Studled by Meserve (1974 _1976)-. t-Compet:'Lffionu‘«'fofﬂf*food’ﬁ’reﬁe"oni:c’e:‘“s has

been shown to, influence ‘the: organization of a desert *rodent communlty

' (Munger and Brown, 1981) Phys:l.cal exclusion of the larger

spectabllls., D ord:L:L., D‘ merriaml) from 50 by 50

.meter plots led to a 350 perc ent: :anrease in the dens:Lty

: granivorous rodents (P maniculatus R megalotls, Perognathus

-vpenicillatus -and. Perognathus flavus'), Presumably the Same’ food

N vsou‘rces: can. be used by all: the spec:Les, but thé smalier: .yg nlvores
are .mable to do so'zhin the . presence: o:f the 1aa:ger anlmals... e
‘-Ihe establishment of _phys:Lcal distance between individuals -of
""the same and dlfferent -species fis: another way o:E reduc:Lng
_c}.qxngetj;r;;,on.. I’he spat:l.al dis. tr,lbution of animals has’ been analyzed

A :Ln tems of home range, ‘the area occupied durlng normal dally

activ:Lty (Burt, 1943). A number of technique’s _have been devised to

collect and analyze home Tange data (rev'i'ewed by Sanderson, 1966)..




54

The statistical analysis of home range began when Hayne (1949)
~calculated thefcenter»oflactiﬁity,‘which:simplified locational data
by reducing them to a single point. The usefulness of this measure
lies in separating tﬁe ranges of individuals-Whose,locational data
overlap a great deal. The center Qf activity, however, represents
the geometric center of a scatter of points,.and is not necessarily
of any biological Aimportance. Koeppl' 311 al. (1975_) felt that the
center pf activity4 coupfza with ‘behavioral observations, may provide
a liﬁk.hetween the mathematical enalysis of home range and its actual
vuse by .an animal;'vPrinciple component analysis has been used to
ealculate'home range values for todents in a Sagebrush community .

(0 'Farrell, 1978). This method has the ability to deal with changing
Rhome range configurations, and is useful in assessing the b;ientation
of mammal movements relative to habitat features and coexisting
individuals. Intra— and interspecific overlap +in spatial

dis tribution as indlces of social interaction were examined
_(O'Farre;l, 1980)..  Overlap within a species suggested social
‘tolerance, and a socialuhierarchy.was inferred from the degree of
overlap allowed by indiv1duals (dominant individuals would tolerate
the least amount of overlap). . Interspecific overlap suggested
differential habipatvspecificityw Dominant species would tend to
exhibit less tolerance (lesser degieee of overlap) than subordinant
species. Habitat specialists'would tend to exhibit a more clumped

-pattern of dis tribution than would species with more general habitat

requirements.




s pomstimas -

g.-_}ndominan:t species in the coastal sage scrub community_ The

_while Perognathus fallax,

},p;roximity.. Mihok (1979) examined natural populations of
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Spatial separation at dlscrete p01nts in tlme is partially

. accomplished by behavioral. mechanismsi E Ihe interactions between

:Lndividuals ATE: difficult ‘to” study 4 the field The usual method is’

to take spec1mens “from the fléld place pairs of ind1v1dua1s rin a’

neutral arena in- the laboratory, and observe their hehavior when a

"MacMillen, 1964)¢.‘ MacMillen (1964) :found “that N lepida was the

subordinate animals tended to" avo:Ld contact Wlth or :flee from N

"1epida,._ Encounters betwee

< lepida and N 'fuscipes were :

:characterized by extreme aggress:ton. N lepida, P.. californicus and

P maniculatus We
L O US

fouvjud{ to be soc:Lally tolerant of conspeci:flcs,

P eremicus and D..;‘\ agﬂis -were not. .

In ‘the field;: behavioral data based on multiple captures may

,:.,;suggest the nature of inter— and intraspec1f1c interactions. There .

ar_e two. ‘requirements that 'must be ‘met in order :f or multiple captures

-'to occurs: close spatial proximit_y and behav:Loral tolerance of that :

':rvcleithrionomys =ngperi (Red—"backed'_Vole) and P maniculatus in a
: ——\ f e

'_,subarctic community‘ Multiple capture traps were used and

approaching individuals were. able to see previously captured

',_animals,. I'he frequency of multiple captures among the Nvoles was 1ow, '

compared £0 P maniculatus fewer individual voles participated in
——raatus;

each Jnultiple capture, compared “to’ the number ofa participating deer

_mice,. - Intersp ecific multiple captures were very rare.. ' The

R S Y

difference in. spatial organization between the two Species could




56

explgin part of the variationvin freqﬁency and péttern of multiple
cépturésq The éapture of two animals in a single capturé'trap )
("double cgptures") was reported by Evans and Holdenriea (1943).
Erequent occurrences of doubie capture were noted while trapping
smali mémmals in Madera and Alameda Counties, California. 1In more
than half the cases wheré‘one‘or_both~of the animals was found dead,
there was evidgncg of fighting. This was particularly true when
'Peromygcus was trapped with Perognathus (fhe latter‘spedies was found
- dead ;org‘often)* It Was suggested that-Perognathus was at a
disadvaﬁtage'when coﬁfined with Pefomyscus, possibly bécausa the

pocket mouse could not make use of its superior jumping ability to

'escapeﬁ MacMillen (1964) found Perognathus fallax behaviorally

subordinant to gf-maniculéfus and P. eremicus, The usual response of
the pocket mouse to each species of Peroﬁ&scus was flight.

| The examples of habitat selectioﬁ, food resource allocation,
Aand spatial distributioﬁ as.méans of_maintaining'population.staBility
émong-sympgtric species have been presented as discnete topics.
.ﬁowever, it mngt'be kept in mind that no one mechanism.is at work in
é givep associaﬁion, Eut that combinations‘gf mechanisms are
involved. A well—eétablisﬁed social"strudtureiwas a common feature
of the mechanisms aiscuSSed,

‘Thg genera of smali'mammals trapped during the present study

were‘also,similar to those found in the southern California
comﬁunﬁtigsm The species compositiop differed slightly, as some

speciles found in southern California arerﬁot-found near Morro Bay

(summarized in Table 17).




' _Ig megalotls
Perogna thus fallax
Perognathus longimembris L

Perognathus callfornlcus '

D h morroensis
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<

Companson of small mammal species present in- three
c’oas tal"“"sage scrub communitles in Callfornla,

MacM:Lllen M? Closkey Meserve MorroBa;y
_(A9%64) (1972) (1976)  (1978-9)

S

- calif ornicus

- man:Lculatus
e stnatus

__.. ag ilis

M;. c alif orn‘.i.c us - |
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N. fuscipes was infrequently captured, but when present was
found where vegetation most nearly approximated chaparral-like
conditions. The relative abundance of this woodrat was highest at

the SANTA YSABEL sife, a mixture of coastal sage scrub and oak

woodland, where it was trapped under large clumpé of Arctostaphylos.
The single woodrat trapped at the DUNES was caught in the midst of a
dense stand of Artemesia.

P.. californicus was also trapped in areas of tall, dénse

vegetation, particularly Ericamefia, Ceanothus,_Prunus, and
Artemesia. This species was most abundant ag the SANIA YSABEL site
(but absent from BAYVIEW, the site with the least prdportion of
chaparral elements, compared with the other sites ipAthe study area).

fh;maniculatus is the most widespread North American rodent,
whose sﬁccess has been attributed to the nénspecific nature of its
habitat requi;ements, which allows it to.live.in areas_that are
suboptimal for other species (MacMillen,.l9éﬁ), Deer mice wére.
trapped at the DﬁNES,.but were not associated with any partié;lar
area, Within‘the entire s tudy afea,.hoﬁéver, deer micg weré:

restricted to the DUNES site. The data suggest that deer mice, the

most abundant species of the association, were more general in their-

habitat requirements than eithe%ﬁgfifusqipgs or P. californicus.

Perognathus californicus is associated with chaparral and live

~oak habitats. Previous studies indicate this species has not been
trapped in the DUNES area since 1957 (Stewart'and'Roest, 1960). 1Its
current presence may'bé suggestive of the chahge in vegetation. The

relative abundance of pocket mice was highest at the BUCKSKIN site,

- which was also found to be relatively poor kangaroo rat habitat.




Ee _scat-tered ~’~t’hrough'out’ the .s’tud'y'f area’; :

il exist in more arld areas

14191 8,‘)'.'.‘

" further: :inland

- shelter.

rvhere vegetatlon was low and scattered

vifer open habrtat has ‘been- related to thelr mode of locomot:Lon..
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P boyle:L was captured 4n Tow numbers at the SANTA YSABE‘L and

- ZBUGKSKIN s1tes,~ :‘L’he normal habitat of thls specles of Peromyscus ‘

; 'includes chaparral areas of arid’ and semlarld reg:Lons,,ﬂ and rocky

- 81tuations., Both s:.tes where thls rodent was trapped have chaparral

.oT chaparral—like areas.

-The overall relatlve abundance of R megalotls in the study

area was low- ‘the highest *values were. calculated for the SANTA YSABEL

-and BUCKSK[N sites. Many typlcal stands o:f coastal"“s I3

s ruh .ar'e ‘
- mixed wi th varylng amounts of gras s-‘ Clumps o:E grass wererandoml y _
harvest m1ce were generally v' v
traPPedlnthose areas. SRR

FARSAR TN

M callfornicus normally inhab:Lts mo:Lst or wet ground (salt 4

fvand :Eresh water marsh areas, wet meadOWS), although some subspecies

such as on dry, grassy hillsules (Kellogg,

Along the central coast_, “this” species of vole is usually

Tt s possible that the presence of the voles L

outside thelr nomal habltat "was"' the consequence o:f a populatlon

,-boom, which :Eo:rced ‘an outward movement :Ln search of food and

In ‘a moTe normal year th:Ls spec1es would not be expected on-

o

“ithe- "DUNES si‘te T AR e ST

:D.h. morroensis was’ associated ‘with relatlvely open areas s

The need of kangaroo rats |

?.

o

.a‘

oy

iy bipeda:L hopplng ‘An which tHe first few hops are the most 1mportant :Ln

= ».escape, “partlcularly from predators (Bartholomew and Caswell 1951),
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'The'relatiye abundance of the Morro Bay Kangaroo Rat was not uniform
throughout the study area, Eut vafied‘with'thefrelative proportion of
open space available, Large'areas of open space were present'at the
BAYVIEW sité,_althoﬁgh tall brush species were beginning to emcroach
upon them. The vegetation in the areas where kangaroo.rats were

trapped tended to be herbaceous and low (except for relatively large,

scattered clumps of Ceanothus, Artemesia, Lupinus. and

Arctostaphylos). E:icameria and Croton were fairly abundant. Tail

drag marks were most easily found at this site, although active
burrows were more difficult to locate. Trapping data verified this
as the most suitable current habitat for D. h. morroensis. The

greatesflnumbe: of kangaroo rats (including the greatest number of

- juvenile ahimals) were captured at this site. The site is heavily

used for hiking, fiding, and walking dogs. The kangaroo rats did not

appear to be disturbed by the human ﬁraffic, as long as the habitat

‘was suitable. Stewart (1958) made a similar observation; which‘maj
ﬁg relétgd to the ndcturnal haﬁits of ganga;oo rats;  -under normal .
éircumstances 1it;1e direct contact with'peoplé occurs.

Thg‘DUNES site.vas of particular interest as .the land was
acquired by fhe Stéte of Célifornia for the express puipose of
establishing an ecological reserve for the Morro Bay Kangaroo Rat.

“

At one ‘time the area supported a good kangaroo rat population;

- however, the present study found over 60 percent of the site covered

by tall, dense chaparral, in which no signs of kangaroo rat activity

S .
were observed and no kangareo rats were captured. - Kangaroo rat

‘burrows tend to be found in areas of low scattered brush, primarily




' the ~popu1ation of D. “h morroensis was very high (Roest 1973~

' 7 ‘protection of existing habitat from development by out_ g
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.on_ :t.t_h‘e -higher gr.,ound;‘-along lowr-ridg-e‘s, where ‘the" soil surface-is -
firmer and able to support tuxmeling (Roest l973)l ‘A 'fewf .burrows :
._.‘wer,e found along ‘the edges of ’road —cuts, where the vegetation nas
”cleared of heavy bruSh Approximately 5 deres of the reserve :

’ (restrlcted to the. northwest portion) were con51dered to .be suitable
kangaroo rat habitat which was reflected by the low numbe_r‘of“ B

-animals- captured, g:rven the’ trapping ‘effort expended (3 268 trap

nightS) and the -area trapped (about 25 acres)-_ Other untrapped

?}

' areas may. support kangaroo*%rats, although the numbers are llkely to

v be low. Breaking ‘up thes dense vegetatlon, undisturbed s:ane the

195_0 ,s,, may encourage the establishment of a healthy population,

: Such a situation occurred in® 1956 That year the U.S‘.‘ Army went

Anto the area with'. heavy nequipment “to plow up and Tremove unexploded

shells sand- other debris (such as tr:n.fle ammunition casings,' which are

still be:ing found) left ‘over: from World War TI days, when the dunes

ek were used as - a’ Jnortar practice range- 'Ihe des truction of the brush

'resulted in an increase of kangaroo rats in ‘the area, and by 1958

Stewartﬂ, 1958).. Subsequent investigators have noted the decline in

the kangaroo rat population -as- the “‘plant commun.m:;,r matured and human

PR

construction destroyed other parts of the hahitat, 'Recommendations

'for habitat :management have included control of brush growth and

,acquistion of the tracts involved (Congdon and’ Roest 1975 Roest
: 1973)‘:,‘ The: decline in- the number of kangaroo rats at the DUNES (as

‘@_:consequence .of the- decl:Lne An open spac e) may be prov:Lding
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Perognathus californicus with the.opportunity to utilize that

portion of habitat normally occupied by D. h. morroensis.

The relative "health” of kangaroo rat-habitat at the DUNES might be
monitored by the relationship of the two rodent populations. The
suitability of the other sites for D. h. morroensis graded between

BAYVIEW, the best site, and the DUNES, the poorest site. SANTA

YSABEL had historically'been considered the most productive of
. kangafoq réts (Stewart, 13?8;.Roest, 1977); however, that finding
was not confirmed by the present study; |
‘Both D. h. morroensis énd‘gg;mgniculatus were trapped in
éver& season, indicating thét_both_speéies.are permanént reéidents
but that néither-hibernatesw The assumption that 2? h. mﬁrroensis
does not'eqter-a pgriod of inactivity above ground is based dn the
repeated gapture of a singlé'male (No;_9905 during the winfér
months, and the iﬁitial capture of No. 539 in December‘qf"l978.
1MacMillen (1964) noted a seasonal pattern of residence in aee; mice

which he interpreted as evidence pf“summér_aeStivation; no such

pattern was noted in the_p:esent.&tud&. fetogpathuévcalifornicus
was abseﬁ;)f;om'the DUNES during the winter months. Not ali
individuals trapped were new animals, Suggesting that this species
is also a permanenﬁwreéident, with,a'vsmallpopulatioriu ‘Meserve

(1976) noted‘aHsiﬁilar pattern of residence for. Perognathus

longimembris, which may have been the result of winter dormancy. It

is not known ;f the seasonal occurrence of Perognathus observed in

the present study was due to winter dormancy. P. californicus

- trapped near Morro Bay wagsc3ptqred in the spring, summer and fall,




‘ the ‘months ; in whlch they were trapped
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V.‘{vv__vlieserve :__2(1976) noted a seasonal (spr;Lng to summer) increase in the

o populatlon of P caln:fornlcus,,, ‘due to immigratlon ‘of 'younger animals

f:rom perlpheral chaparral hab:itats  whiche were “found to support

stable, year—round populatlons of: Pr californlcusn It could not be :

L detem:med from the available data if A slm:Llar phenomenon occurred

_,_dur:Lng the present study. In general Ra ‘megalotis’ showed a’ pattern

,of res:Ldence simllar to ‘that : of P. californlcus. H‘a‘rvest mice-.were

' not trapped ~during - the w:mter months, unl'ike"the wiﬁtéi"‘inéi”é'ase ;

noted for this. spec:Les by M Closkey (1972), which was due to the

:unm1gratlon of adult anlmals.; On"ly ‘3 few captures o:f N. fusc:l.pes

M californicus and P boylei~were made* the lack of trapplng data

does mot permt comment about the actiVJ.ty of “thesf‘e' species “outside
: } o ) 3]

Reproductive activ1ty was® seasonal, observed during spring R

. and summer, as_seen: in the southern ‘California rodent" associationsw

’ Breedlng din:D., m morroensis was noted from” April to September_ '

Elsenberg (1963) observed that D nitrato:Ldes w:Lll molt into its

. adult pelage at: about A2z "weeks, If a- similar schedtile is assumed

C f,o%-'fg‘, “.E;»;m‘orroensis,, sthes August--mol’ti‘ng juvenile was pro"bably born
'v in late spring.t. Previous stud:Les (Stewart 1958 Roest 1977) have
. suggested major breeding perlods An ‘.the early spring and in the
' fall with some young yroduced auring the summer 'mont"hs ; "The

i present stud)7 tends o confirm “the" occurrence of a magor breeding .

period» 1n the spring.:+ The capture of- juvenlle ana subadul“t aniJnals

. :Ln July -and- August proba?bly reﬂects dispersal of young . born in the
- S‘pl’lﬂga from the maternal: burrow«~ Whether there is ,a -maj or bre;eding

- period in the fall- could not: }be determined ‘from the avallable data.
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The normal,ges;ation period'of_Peromyscué éverages 23 days,
and most specieé.are weaned between 3 and 4 weeks of age (Layne,
1968). Association.w"ith the mother may occur past the age of
weaniﬁg, but assuming'the young deer mice leave the maternal nest
immediately .after weéning,'the.captured juveniles would have been
conceived at least 2 months earlier. ‘Based on those assumptions,

- active bréeding Qf deer mice in the Morro Bay community appears to
have occurred throﬁghout the year. Rgprdductive‘activity during
spring; summer and autumn has been reported (Qameson; 1953);
year—round breeding of P.. manlculatus in central eastern Washington
was noted by Scheffer (1924) ' In the present study males with

scrotal testes_wene.;rapped only in the spring. Brant (1962) did

. not consider position of the testes a useful index of breeding

cqndition; he foqnd the temperature of the trap would alter the
extent to which‘festes5were,sérotal or abdominal, This may account
for the lack of maleé with scrotal testes, even at times when
pregnant and lactating females were trapped.

‘The perdods of reproduction suggested for the remaining

,vspecigs“werg‘bgsed'on limited data, as these animals were ot

trapped in abundant numbers. P. califdrnicus.appeared to ‘breed

during spring, summer and fall. Reproductive .activity in

gr'megaiotis_wés noted during summetm Active.breeding of

Perognathus californicus was noted 1in spring .and summer. Data for

M. californicus is incomplete, although ‘this species is known to

breed.year-round, Data on N. fuscipes reproduction'near’Morro Bay

was unavailable, but it has-been'xeported that this spécies breeds

‘during summer and fall (Linsdale and Tevis; 1951).

)
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Skewing of the sex ratio in-favor. o:f male kangaroo Tats .was
prev:Lously noted by Helse1 (l962) and Roest: (1977) - Helsel

‘ attributed th:Ls to the male venturing :Earther from dts burrow in

- search of food Or a mate, than the female,' who’may’lnie‘(t'ié{iwtoAjthek

» burrow by the presence of young.. ::In ‘theé ‘present. study males ‘were -

more frequently trapped at BUCKSKIN and the JUNIOR HIGH whlle at .

the ‘DUNES and SANTA YSABEL more: females were trapped More. adult

- anlmals than Juvenile a;nimals were captured at all sites except

BUCKSKIN The trapplng of ‘a- greater nunber’of females ‘:'t)hanrmales at

- 5 the DUNES may be a reflection ‘of ;low reproductive actiVity' (also

indicated by the single, unrepeated capture o:f ‘one - subadult animal

o . .over the study period)., ‘The . scarcity of Juvenile \k.angaroo ra:ts at

E | the DUNES sugges 8 a2 habitat able to: support only a few newy

indiv1duals, The preponderance of females: -at” the SANI

: Jnay have been due to. the t:hne o:f year when trapplng was done ’

" (females had completed weaning of “that spring s young) '.Seas onal

decreases in the age ratio may :[ndicate periods o:E Juvenile )

e

dispersal as at BUCKSKIN

A preponde ance of males in trapping data has been noted for

vmost species o:E Peromyscus studied (Terman, 1968) :[‘his was found
—— T8

_ to be true for P- maniculatns and-

i968~

: :frequency of capture ‘ Generally speaking, the num"ber of adulr

-,

5 f»captures was much greater than- the number of juvenile captures for

all species- A few exceptions were noted but these tended to occnr

' when few :Lndiv:Lduals were trapped
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The arrangement of animals in a habitat or community is
generally analyzed'on the basis of home'range. Home range values
could not be calculated ‘for any of the species included in the
pPresent study, as most methods require a minimum of four recaptures
Per animal (Hayne, 1949; Taitt, 1981). Only three deer mice were
recaptured four or more times. If_estimates of home range are
desired, future studies must he-modified 80 as to increaee the
number of repeat captures, - ' This can be done either by trapping
large areas at one time or by checking traps for captures at
intervals throughout the night, rather than just once the following
morniué.(O'Farrell, 1978),v |

The interaction between individuals of one species or of
different species is difficult to study in the Wild;’this is
particularly true’of-small nocturnal animals. 'Behavioral

observations are usually made in the 1aboratory. No laboratory

observations of social behavior were made during the present study,

but some comments about interspecific. and intraspecific interactions

can be made based on the double capture'dataﬁ 'The'capture of two

'individuals in one single-capture trap suggested that~the animals

had either entered together or din fairly -rapid sequeuce; It was not

known how two animals came to be in one trap, but two‘possibilities

were4considered: 1) the triggering~mechanism was not set at a

'sufflciently sensitive level to detect the ‘welght of one animal and

consequently was not. tripped until the weight of the second animal

was added 2) the second animal followed the first 50 closely that

both»animals‘were in the trap when it sﬂapped”shut.
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was :Eound missing. Sy g
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Seven cases of . canniballsm, ‘where -one anlmal ate the flesh of

__,_.mé_ co—captive -were: noted -.It Was.not. knbwn’-Whe'théf‘the" i
,_;'_.cannibalized animals were dead ’Defore the co—captive ‘consumed: parts -
,of the body or if. the surviving -animal had killed ‘the other. “The ‘
,J»\A;F;Lrst 'poss.lbility was; more»likelys, Most of the double captures
| :_’:::anolv:mg cannibalism. occurred An. 1ate summer: and fall, when' food
: resources are likely to be: low, and the baited traps represented o
._:reliable, plentiful _sources of :Eood With two" animals in one’ trap,
: v'however, the .amount of bait ‘may: have been 1nsuf:fic1ent for the 8—12
: hours that passed between capture and release. :One: captive may have ‘

, died of starvation ox shock; and the co—captive may’ have” resorted

to cannibalism to survive. : ’I.'he survivors tended “to- consume so;t't

‘organs (brain .and vlscera), although in-a couple of instances a limh

Ihe preponderance of double captures involving 1’ maniculatus

b_ 4’3/45 - 96 percent, suggests that indiv1duals of this species were .
o in closer spatial prox:hnity (i ‘e.;, ‘had more- extensively overlapping

.home ranges) and/or were more tolerant o:f close approach by a

c-vconspeci‘fic ‘than - either R_ megalotis oxr P. californicus. Double

captures of different species of: Peromyscus were'found" to be'-

peaceful w:Lth only one of ten cases showing evidence o:f fighting

»(Evans and Holdenried 1943) At the DUNES a deer mouse was

- captured with a California mouse, with no signs of fighting noted
g E,\:The tolerance o:f P maniculatus for conspecifics has been noted 'by a
fnum'ber of investigators (Eisenberg, 1963 Macuillen, 1964 M:Lhok

7-1979)- 'I‘he actual behavior exhlba_ted however, is dependent on the

) age, sex, and .reproductive -_condltion of the animals involved,‘ and
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whether an animal is familiar with the area in which the encounter
takes place (MacMillen, 1964; Stickel, 1968). The infrequency of

double captures dinvolving EP megalotis and P. californicus may have

been a reflection of the low relative densities of the two species
in the study area. The double captures of R. megalotis imply this
species is compatible with conspecifics, as no evidence of fighting
was noted. Only maleffemale pairs were trapped, and the
generalization may only apply: to such pairs. WNo double captures
involving pairs of kangaroo rats, pocket mice, brusn.mice, voles or
woodrats were noted. For the larger species, the lack maj be
explained by the fact that the weight of one anlmal was more than

sufflclent to trip the mechanism, In the case of f_. boylei and

M. californicusa the relatively low density of individuals could

explain why double captures were not noted for the two species. 1In

the case of Perognathus califotnicns, it has been reported that

heteromyid rodents tend to be solitary., except for a brief time

during the breeding season (Eisenberg, 1963).
SPECIAL CONSIDERATIONS

Decline In The Morro Bay.Kangano~Rat Population

The four methods of-estimating the current kangaroo rat

‘ population have placed their numbers between 331 and 1,172

individuals. Roest (1977) speculated that an additional 500 animals

(on ‘an additional 100 acres) may exist in small pockets that were

not trapped or were trapped but did not produce kangaroo rats.-
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The ~addition of ‘these :individu-als‘ Taises: theestimates Fo 831 ‘and -
: 1 672 respectlvely. i Ihe :discrepency: bétwean: ~the first and the .
| latter three methods may—'be due to the poss:Lhil:Lty that the actual
territory size. is greater.- than the acreage calculated 1n Method d.
‘L Ihe distance a kangaroo rat will travel from its burrow was assumed
:to be 50 feet because that ‘was. the most frequently occurring e
. distance between capthre s:Ltes for an:lmals not returnihg to "the gite -
of initial capture* the. .ac..tua-l da.stance D l‘» h morro'ensis W:Lll trav'el
""et_';..%;:s_‘,.'not;,knownz Bartholomew and Laswell (1951) noted a f oraging |
: distance of 50-—70 :Eeet from the home burrow for D merriami and

'_ D.. panam:mtinus. F:Ltch (1948) observed ‘that D h. tularens:Ls tended

to forage within 100 feet of its main burrowv, of 1,270 kangaroo rats
-captured- more. than once | 37 percent ‘Were less than" 50 feet, and 18
| ‘ percent less than 100 feet ;- :Erom thei:r ‘barrows. Fltch felt that
most: of zan individual’s foraging *range‘was ‘in a famlllar area 160 to ,
E;_&OO feet across., A territory 51ze o:f 0.18 ‘acre could represent‘a.

'Jninimum area, and the figure of" 1 172 could represent an upper lnmt._

: ~_.‘to the population (1,672 1if the additional 500 animals are
:f.ncluded) ~The latter three methods agree :Ealrly well, primarily

because the calculations are” based on actual trapping data, and the

:results may be:. cons1dered representative of a 1ower llmit to the

,‘population.;_: The occupied ‘portion” of the rang was considered 'to ”bev
= the 214 acres that make njp the combined ac:reage o_f the f:Lve study
, ;_sites, plus ~the 100 additional acres that may harbor small pockets

- S of untrapped kangaroo rats, ox:; 314 acres/640 acres per square m:.Lle, :

. cor 0.49° ‘sguare .mile, -
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The trehd.sinee 1960 has been one of decline in both the
population size and occupied .range of .the MorrO'Bay'KangaroovRat,‘
Physical changes ih:ﬁhevhabitat (maturation of chaparral
cémmugitieS) and removal of.avaiiable habitat (conversion into

housing tracts and shopping areas) have created isolated. pockets of

kangaroo rats; hence the necessity for trappingvon five different A

sites within the study areé. An additioﬁal»threatﬂfo the kangaroo
rat population may be predation'by'domestiC‘cats, which have
increased in numbers along with the increase in housing development

(Roest, 1973; Congdon and. Roest, 1975).

”Trap:Habit

[y

One phenomenon which must be taken into consideration during

an extended live-trapping study of a given area is theé deﬁelopment

of a “trap habit"” by a given animal. This is the répeated return of

an animal to the site of original capture. During the course of the

present study, this wasv..partic'ulAarly noted for D. h. morroensis,

Among those indiﬁiduals trapped in more than one trapping period,

Nos. 297 and 990 returned to the:same trap 18 timesgiNo, 539

_returned 13 times. - The kangaroo rat marked during the 1977 study

(No.. 912) had a record of 6 recaptures :(Roest, 1977).
In ordgr to thoroughly trap an area, an investigator may
either set out a great nqugr:of_traps»for short periods of time, or

trap a particular area for extended periods of time. In the case of

. D. h. morroemnsis, the first'methodfmay be the better choice. An-

animal that repeatedly returns to the same trap removes the
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Loss of Traps and Trap “Stress ,:_1_'

..was missing from its station"{a"'}f
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potential for capture of a neW 1ndiv1dua1 “and popuiation estinates
.. -bas ed -0n trapping data ma;,7 be low, Based on“the . presenr o
_‘anestigator s° personal experience, dtis recommended that trapplng
periods lasr no: more than three nighrs and if only a limlted number
.of traps are available, that the trapllnes and quadrats be
irequently moved This w111 no:t only discourage trap—happy

'-kangaroo rats, but is also a protective action against the:Et of

traps.

~With the exceptions of ‘the DUNES access to the study sites

‘was via res:idential streets*it was not possible to approach"'the
sites Vithout being observed If traps are’ left in one location for
extended periods of ‘t:hne (more ‘than’ th:ree nights), there is the

danger that location(s) of” traps will be discovered and the trap(s)

dlsturbed and/or the an:hnal(s) .inside taken, Frequent shifting o:f

trap locations will help to keep :Lsyturbance of traps to a minimum.. ~

E;;;Né.c:tual Jdoss of Aan trap occurred at the SANIA YSABEL site The trap

vrch of the area faile to turn i’t )

up. . Itwas-mot knowu if an animal had 'been captured

+Inan few instances the disturbance o:f a trap was apparently

_linked to death from - trap stress - Dlsplacemen’t"of a trap, by

a’oout 200, :Eeet Was: noted once"' 1ns:Lde was a dead kangaroo rat

,“.There were no- external wonnds to indicate the an:Lmal had ’been

_ 1n3ured prior 1o capture. One poss.fble explanation :E or ‘the

displacemenr s that a . dog” picked Et up, carried ir a short .

distance, and ‘then, for some 1nexp11cah1e reason1 dropped 1t
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Another possibility is\that.a’wild animai (fox or raccoon) picked up
the trap,te‘carry.it off, but also abandenedrit'snortly thereafter.
It‘is-possible_that an insufficient amount of bait resulted in death
from starvation. An alfernate theory is that the stress of being
confined in an unfamiliar environment (known as "trap stress"), and
then qutled abput,by the carrier, overwhelmed the animal and
resulted in its death.

On two separate occasions kangaroo raﬁs were found in a
debilitated condition when_the ;faps.were-checged for capturea (one
at BAYVIEW and the other at BUCKSKIN‘).‘ The animals were chilled,
weak, and had nlood;smeared on theif coats; the tips of fheir noses
were raw. It was‘conjectured at the time that the animals had
battered nhemselves against the walls of the trap while tfyiné‘to
eseane; Tne cotton nesting material.placed in all the traps during
the study.was trampled and pushed{ﬁp the back of the.trap;'in
.previous etudies.it was noted that D. h. morroensis did'not use the
coeton to insulate against chilling, as. did the smaller species
(Roest 1977). These twa kangaroo,rats were ‘taken to the Department
of Biological Sciences, California Polytechnic State University, San
Luis Obispo, where they died shortly thereafter‘ Before death the
animals exhibited some sort of convulsion-—-peculiar muscular spasms
4Qf the linbs and,aﬁwild\circular thrashing of‘the tail. A third
kangaroo rat was found in a similar condition at BAYVIEW; this

Aanimalfihowever, recovered'and,vas released back into the field. 1In
future Studies extra care must be taken to~enenre"that'adequaee

quantlties of bait are used and that every precaution is taken to

.prevent chilling of the anlmals and reduce time spent in the trap.
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Other species_;‘:of” animals were also-found dead 4n traps"‘ “with little

... to suggest What caused the: death, ‘oriwere found in a*chilled and

' tolerance of the.. close approach by another an:imal ; ‘ZP.

,L‘Weakened state- when the tra‘ps were checked for captures (these
T__animals, a pair ‘of harvest. micey recovered and returned to the
jf:}.eld)r. Any death due to’ trapplng isu regrettable, 'but more so w‘nen
the death is of a species whose numbers are already l:i:mited as is

the case for D h morroensis.

’ . . [ + . . L eand oy -

.. The, -general type: of vegetation found in a coastal sage scrub
community mear Morro "Bay, California was similar ‘to that found in

two coa tal sag s,crub communities :Ln southern California,

: The genera of . small mammals :Eound in the Morro. Bay community
.Were the same as: those found: in sout"hem Cal:l.fornia,' and’ included

species of Peromyscus., Perogna thus,, Dipodomys, ‘Neotoma and Microtus,

The distribution of species was ‘not" uniform t’hroughout “he‘.

i study area. Peromyscus maniculatus was :found aflmost exclusively at

the '.DUNES site. The: relative a"bundance of" Dipodomys heermanni

}morroensis was greatest At BA‘YVIEW -and- lowest at the DUNES
reflecting differing proportions of opti:num ’habitat at each site,. o

Double captures imply close spatial proximlty and 'be'havioral

myscus‘

maniculatus Reithrodontomys megalotis and I’ californicus appear to

eXhlblt behavioral compatibility when trapped w:Lth conspeciflc

_\__animals.. - Perognathus californicus was-»-‘found dead when ' trapped with

P. manlculatus..' The frequency of double capture may be influenced

by seasonal fluctuatlons in food Tesources or population dens1ty_
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_Sex and age ratios indicate the proportions of male and
female animals in the trappable population, ‘and reflect "the success
oferepfoductive activity. Skewing of the sex ratio towards females
may be indicatiﬁe,of little or no maternel activity (i.e., rearing
of young); a very high adult to juvenile ratio.is indicative of low
A :eproductive output.

Species diversity within a commﬁnity can be maintained»by
habitat selectioﬁ, allocation of resources, temporal partitioning
and by esfablishment of a social hierarchy. Seasonal immigration,4”
flexible feeding and behavior&l-strategies, and epecialization mey
be used to_aveid»competition for similar food resources.

The;current population and range of'Dipodomys’heermanni

morroensis is believed to consist: of fewer than 1,700 individuals
occupying an afea of 0.49.square mileg_ The decline in population
IAaﬁd»in area oecupied.(due to dete;ioration and ‘destruction of
fﬁabitet)vnoted in pteviousnstudies continues to threatehlthe future
of-thig,uniqﬁe subspecies.

Breaking up the thick'vegetation currently present on the
DUNES site may lead to the rejuvenation of the kangaroo rat
vpopulatioq in residence, by increased4repfoductive output orxr by
immigration from other-areas, A program of brush control must thenv
be implemented -toensure that the habitat remains suitable for
- kangaroo rats.

The relative proportions of D. h. morroensis and Perognathus

californicus captures at the;DUNESfmay be an_important index of the

relative suitability of the habitat for kangaroo rats.
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'Thevs_pec:ies appear to be inversely related: . as the number -of pocket

mice inereas.es the number of kangaroo Tats’ decreaseS. A relatively

: Mhigh number of kangaroo Tats. comb:.ned Wlth a relatively low ‘number .

of pocket mice may be indicative of good kangaroo rat habitat and

vice versa.
Future studies of the coastal sage scrub community found near
Morro Bay, California, should emphasize the need :for obtaining more

wcomplete ecological data~ Such information is 1mportant for a )

'beﬁ:er understanding of the spatial distributlon and divers:Lty of
spec:Les present in the communlty. ‘Close- examlnation of habltat

selection Wlll be essential for the development of long—range .

,.management programs. L
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