CALIFORNIA POLYTECHNIC STATE UNIVERSITY
SAN LUIS OBISPO

SENIOR PROJECT REQUIREMENT FORM 58-0478

INSTRUCTIONS FOR THIS FORM.

STUDENTS
1. Please ype
2 List all student authors of project. TITLE AND AUTHOR(S) MUST BE GIVEN EXACTLY AS ON THE TITLE
PAGE, WITH AUTHORS LISTED /N THE SAME ORDER.
1. Give full and unabbreviated name o department and major
4. Deliver to department with UNBOUND project ard the cashicr’s receipt in a manila envelope.

DEPARTMENT
5 Distribute copics of THIS FORM as follows: Top three 1o library, others to advisor, department and student
6. Altach white cashier’s receipt 1o hibrary copies and send, with unbound project in a manila emvelope to
LIBRARY - SENIOQ PROJECT.

For more information about submitting senior projects to the library: from the Library's Home Page (hitp /fwww lib.calpoly. edu)
select "Senior Projects.” or call 786-2515, or email: semior-project d library calpoly edu

srssssssssamsanaE EEERAEEEETEEEY

SENIOR PROJECT TITLE {exactly as on title page) No. of pages
(Including title page, ei1c.)

HG_TI‘.S ON THE MORRO BAY KANGARDO RAT
1L illustrations? ___yin)
(ie picturcs, graphs, diagrams)

WWW PROJECTS: to ftp your WWW project 1o the hibrary server, so¢ WWW Senior Project Requirements al
http/fwww. lib calpoly edw'srproy/, or call 756-118%
IF YOU HAVE FTP'D A WWW PROJECT TO THE LIBRARY SERVER, ENTER LIBRARY ASSIGNED URL:

hup

STUDENTIS) NAME (5) (last name [irst) BIRTHDATE (5) DEPARTMENT (full name, 1 dept. only)

STEWART, GLENN R, ! RIOLOGICAL SCLENCES
1001, Last Furst Maklle (eractly oy on tithe page) barth ety vead 1400

!

00 1_
{ Degree (circleone): BA BS

0 1.

SENIOR PROJECT ADVISOR APPROVAL
The attached Senior Projgect has been revieweu and meets the requirements established by the depanment.

Typed Advisor's name Signature Phone # Date

Has this project provided a service to off-<campus nonprofit or governmental agencies, schools or needy individuals
{at the local, state, national or international level)? YES NO

FOR LIBRARY USE ONLY

533 Microfiche. b San Luis Obispo, Calif. : #¢ MPI Microfilm Service, »d . e microfiche.
wear macroliched ¥ of macrofiche sl

Dot Area S00




NOTES ON THE MORRO BAY KANCARCO RAT
by

Qlenn R+ Stemart

California Stata Polytechnic College
San Luls Oblapo
1958

Sumitted:

Crade: Chacked?

Recorded byt * /7 [ A Approved:







TASLE OF CONTEXNTS

e Sk d AL M
Yoina & @il

INtroduction ssssssssrssssssssssssnsnnsnrnsssnssnse
AcknoMladgomenta sesessessssssnessnasnsnnnnenncas
Pasaription of the ared «vescsissssnsenssoscnssans
fi.i'..F:'!"”‘l ol Helhods seisssansansannsaidiiaiadiidd
Distribustion Investizatlon seessees

1ts of the Natural History Inveatization seees

GssEEEAN R RRREABERGEEGNENRRRERRRRERRRRRREE

311’110.::‘&;“}' sEsasAAREERRAsEERERRENENERERRERRRERED

CAUFORNI SYAYE pONYTECRNIC
~_ ConkGtaawnny
WAN QLS CA IV CAURRNIA




LIST OF TABLES

Fraeeee e T T T T IR IR T LA AR A R AL R AN

sssasEAsRRAREEAEERARBEERERRRRRRERS

BEEamsaRGEARAERTEREREERERRARARES

TEEEER LD

|-|.-|.r-.-.-----lol-t.liolno---ic--i-

ssss AR AR RAREEERERERERERARRRRE

sEsaaAREEtARAERE RS ERERREREREREE

il-o-n---t-lIl.ln.ino‘.---b1|--'-¢-.u

'--.o--lnntl.-llllllllnuo-billill-ll

TEEERER]




FISURE

BEB RS B R R R R R EEE R EE R R RS EEEE YRR

IR R R R R R R R N R N R R N R R A A N R R R AR R R AR L R R L

I R R R R TR N R RN E N R A R R R R AR R AN R R R

FE B AR B EEEE R RS FEE SR R IR R R

SR R el s s e e R R R R R A N N

IR EEEEE R R s s s e n R R R N R A AR AL LN

TSI R R s R R RN R RN AN N AR R LR

SEE R R EEEEE R EE SRS R R RS RS AR R R YRR

A R R R R R R R R R R R A A L L

fEsasas s s EEEBENERERBRRBERRBRRRRERRRE R

IR R R R I R R R R N R R A R R N R R A R R R

Tl A TN RN S R R R R R AN N R R AR R R L]

BESEREEAERE RN R A AR R AR AR RA AR




NOTES ON THE MCRRO BAY KANCARCO RAT

Ay Glenn Re. Stewais

SECTION I INTRODUCTION

History
Morrinn (1907) provided the original deseripticn of the Morro

Bay kangaroo rat, classitying the animal as Perodipun morroensis.

In the years follewing, a taxonomie revisicn declared the genera
Perodipus and Dipodomys to be indistinct and so placed all kangaroo
rate in the genus Dipodemya. Grirnell (1922) described the Morro Pay

kangarco rat as Dipodcmys morroensis and indicated the area of known

habdtat to be less than four square miles on the scuth side of the
bay. Since then, the literaturs presents little additicnal informa-
tion on this form except the paper by Boulwarse (1543) which relegates

{t to subspecific status as Dipodomys heermanni morrcensis.

The Preblem

The fact that this kangarco mat 1s apparently confined to a very
localized sea side habitat posed the problem with which this paper 1s
concerned. First of all, a definiticn of the exaet pgeograrhical range
was to be attempled; and secomxly, becauge of thia form's unique en-
virormontal situation, informaticn on its natural histery would also

be recordad.
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SECTICM III DESCRIPTION OF THE AREA
location

The study area is located cn the south alde of Morro Bay (Fig. 1),
about four miles south of the town of that name, in San Luls Oblspo

County (arproximately 35° 18 porth latitude, 120° 50" west longitude).

Climate and Topography

The study area is within California's fog belt where the mild
olizate provides a narrow range of extremes in temperature and rela-
tive humidity data (Table I), and an unususlly high relative humidity
compared to most enviromments harboring kangaroo rata. (Actual rela-
tive humidity at Morro Bay is probably somewhat higher than that re-
corded in the table for Santa Maria, which is thirty five miles to the
south and twelve miles inland.)

Topographical features of the area are illustrated graphically
in Flgurs 1 and pletorially in Figures 2, 3, and he (Figa. 2, 3, and
L photographed from Black ".411 in Morro May State Park.) The relief
is notably uniform, being gently rellirg in the northern and eastemn
porticns, and generally flat while sloping to the hills in the south.
Only in a small southwestern section, between the hills and ocean, is
this pattern broken by a series of ravines.

Habitat

The scil 15 a medimm textured, fairly loose sand, bounded on the
enat by Los Ogsos Creek and on the south by the San Luils Range. This
sandy soil reaches an elevation of 1001 feet and abruptly ends at the
top of the hill shown in Figures 1, 2, and 1.
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Fige 24 PRange of D. h. morroensis looking southwest.
Note relief; 1001 Tt. hill topped with eucalypius at
extreme laft; San Luls Range in background

Fig. 3« Range of D. h. morroensis looking south.
Note relief; comwunity of Baywood Park; hill topped
with eucalyptus at extireme right

Fig. L« PRange of D. h. morroensis locking southeast.
Note low range of hills Torning extenslon area at
left center




Flg. 2. Range of D. h. morroenais looking scuthwest.
Note relief; 1001 Tt. hiIl topped with eucalyptus at
axtrome left; San Luls Range in background

Fig. 3. Range of D. h. morroensls looking scuth.
Yote relief; commmnity of Paywood Park; hill topped
with sucalyptus at extrome right

Fize he Range of D. h. morroensis looking southeast.
Nots low range of hills Toming extension area at
left center




Two distinet plant azsociationa, characteristie of the area,
may be recognized as described by Munz and Keck (19L4%)« fThe most
com=on agsociation is a mixture of Coastal Strand and Coastal Sage
Sorube Although this asscciation is not true Coastal Strand, it 1s
labeled as such for comvenience in this paper. Deminant apecies in=

clude Lupinus chamissenis, Eriogomm parvifoliwm, Ericamaria ericoldes,

Lotus scoparivs, Croton californicus, Salvia mellifera, and Artemisia

ealifornica. Numersus annuals are seasonally abundant (Table V), but
grasses prow sparsely.

Chaparral forms the second plant cosmunity, a line of intergra=
dation generally beginning at an elevation of 250 to 300 feet (Fig. 1).

Deminant in this assocliation are Arctostaphylos morroensis, Ceancthua

cuneatus, and Adenostoma fasclculatu=.

A fow areas in the Coastal Strand are covered by a dense growth

of oak (Quercus agrifolia) and/or chaparral. One damp spot supports

a stand of willows and cottonwoods. These, together with evoalyptua
groves, roplace the dominant flera in some localities (Fig. 1).
Civilization

A considerable portion of the study area is developing as the
commundty of Baywood Park, but very 1ittle of the land is farmed.
During World War II, a two mile strip, lying batween the ocean and

hills at the southwest tip of the bay, was used for mortar practice.




SECTION IV MATERIALS AND METHUDS
Iraps

Spencer live trapa were used excluaively throughout this atudy.
The manufacturer is H. B. Sherman, P. 0. Box 683, De lLand, Florida.

They are essentially an aluminum box measuring 3 X 3 X 10 inches

(Figse 5, 6)e The trap door is worked by a spring, and a pan, sup=

ported by another apring, acts as the triggere The back end clamps
over the top and sides, and may be opened to remcve the eatch. Theso
traps proved to be entirely satisfactory for taking kangarco rats and
other small rodents, rolled oats glving excellent results aa bait.
Distribution Investigation

Exploration was carried out on foot between June 26, 1957 and
August 1, 1957. A considerable area putalde of the range boundaries
shown in Figure 1 was covered, and in the writer's opinion, sufficient
information was obtained for an ascurate distribution analysis.

The two most obvious signs of Dipodemys! activity were thelr
characteristic burrows and umistakable tall tracks and foot prints
(Pigs. 13, 15, 16, 17, 24, 25). Since algn was generally abundant
and easily recognized, trap sites were chosen with special offort to
indicate the periphery of the range.

Thus, trapping was conducted with the objective of proving the
prosence or absence of Dipodeays. If one rat was caught the first
night, the traps were removed with positive results; if no rats were

caught in three nights, the traps were removed with negative results.




Fige 5« Trap set in a likely spot. Note tracks

Figs 6. Trap set at a burrow entrance. Note tracks




Ten traps spaced at thirty foot intervals were usually suffi-
slent %o cover the desired area, either in a single line, or two
1ines of five up to one hundred fesi apart.

Only those traps set partly under cover at the edge of a btush
or right at a burrow entrance would take specizens (Figs. 5, ).
Tangarco rats showed 1little reluctance to enter correctly placed
traps, and positive sign was usually confimed in the firat night.

NMatural History Inveatigation

During the study, fifty four spocimens were captured and brought
into the laberatory for weighing, measuring, and detalled examination.
Eizht adults and two young were prepared as study skins. Six others,
{ncluding two pregnant females (each of which gave birth to a litter),
one nor=al female, cne =ale, and two young, were kept for oxtended
obsarvation in captivity. The remaining forty rats wers released near
their points of capture.

Captives ware kept in geparate 12 X 12 X 10 inch plywood cages
with glass {ronts. They were supplied with sand and seemed to do
wall on a diet of ocatmeal, walmuts, apple, and Friskies dog cubes.

In this study, specizens were classified as young if the pelage
was not adult. No other criterion was used to distinguish age clasa.

Newly caught kangaroo rats were easily handled during the labora-
tory examination by wearing cloth garden gloves to protect against

bites. Measurements of the total, tail, and hind foot langths were

rocorded (Table VIII). For live specimens, the writer feels that they

aro accurate within 3 ma. in total length, 2 mm. in tail length, and

4 ma. for the foot.




To form the basis for a population astimate and sbtain informa-

tion as to the home range of D. heermannl morroenals, three quadrats

woro ostablished in gelected areas (Figs. 1, 10, 11, and 12)s Two
wara located in areas harboring apparently normal pepulations of
kangaroo rats, the thind in a very concentrated aren.

Each quadrat consisted of thirty six traps laid out in a grid
aystem at thirty fool intervals. Such a ouadrat trapped an aTea
approxizately equl to 0.75 acre.

Trapping was conductad for three succassive nizhts {n each of
the auadrats during the period July 30, 1357, to August 8, 1957, and
agaln betwnen Octobar 26, 1957, and November 11, 1957. All kangareo
rats captured during the first trapping porisd were marked individually
and Teleased on the spot. The movements of those retrapped during
three successive nighiz in Acguet and November wese recorded relative
to the original trap site of the respective pericds (Tabla III).
Wovemonts over the three month period, August o Novembar, were re-
cordod relative to the original August and November trap sltes, or
what seemed to be the August and November loei of activity (Table IV).
The movementa of previously ummariced individuals trapped during the
November period were not recorded.

In cemputing a population estimate, the Lincoln Index was used.
It may be expressed as follows: x/p = m/t where x is the known num=-
ber of marked animals in the population; p is the total population}
$ iz the total trapped in the second period; and m 18 the nmber of
marked animala in t.




Additional data was recorded in fleld and laboratory obasrvaticna

throughout the course ¢f this study.




SECTION ¥V RESULTS OF THE DISTRIBUTION INVESTIOATION

(Jeo 'mmi eal R:lm;:

Grinnell (1922) eatimated the range of morroenals to ba lasa

than four square miles. The present study indicates that this esti-
mats was very nearly correct. As datemined by fleld observatlona

and trapping records, the range covera approximately li«8 square milea
(3,072 acres). Roughly speaking, it 1s bounded by the following
topagraphical featurest West, the Paciflic Ocean and Morro Bay; north,
Morro Bay and Los Osos Creek; east, Los Osos Creck, except whore it
touches the point of a =mall range of hills; south, the San Luls Range
and Hazand Canyon, excepting a narrow atrip lying between the hills
and ocean which teminates at Islay Croek (Fig. 1)«

The exact limits of distribution outlined in Figure 1 colincida
almoast exactly with the line of demarcaticn batween sandy and hard
soil on the southorn and eastern periphary (except in the hills saat
of Loa Osos Creek), tha western periphery being datemined by shift-
ing dune sand or wet situationa.

Limiting Factora

The main factors restricting the distribution of this kangarco
rat are soll, food, water, amount of cover, and broken terrain. Soil
becomes 1i=miting because of the rat's apparent inabllity to burrow
satisfactorily in hard ground or extremely loose dune sand; food
through its absencej water as a physlcal barrier; amount of cover
becausa of the rot's decided preference for falrly open areasj and

broken terrain as an iapediment to normal bipedal locomotion,




1

Excepting the shifting dunes and a mmall ravine dissected area,
tha Coastal Strand association provides the ideal situation of falrly
looss sand, abundant foed (Table V), and adequate space for unreatric-
ted activity.

Interoating Obaervations

The 1ittle range of hills cast of los Oszos Creek is considered
by the writer to be a definite range extension. It ls partly growm
to chaparral and/or oak, the reat belng a grassland grazed by cattla.
The gsoil is considerably hander than that of the Coastal Strand, but
not as hard as that of Los Osos Valley and the San Luis Range. Three
spota in tha grasaland are inhabited by small populations of kangarco

rats (Figs. 7, 8, and 9). Lupinus arboreus is present in each case.

Fosaibly because of the comparatively hard, dirty soll, four out of
the five specimens trapped here displayed a rough, scaly skin and
poor pelage.

The overall pattarn of distribution semms to be randem throughout
the Coastal Strand. Howover, an extresmsly concentrated population now
exiata in a previoualy cultivated area of 220 acres (Fig. 1, overlay).
This land ceased to be cultivated about 1950 and kangaroo rata prob-
ably moved into the cleared spot as scon as food became avallable,

Orinnell (1%22) observed the altitudinal range to be from sea
lavel to 250 feet. The writer has found them at nearly 1000 feet in
a small typleal Coastal Strand habitat (Figs. 1, 2, and 1). A prob-
able explanation is that tha fire (Fig. 1, overlay) which burned off

100 acres of chaparral about 1549, enabled the rats to move up through




Flg. 7. Extension area. Rats inhabit the cpen grass-
land with Lupinus arboreus. Note chaparral in bazkground

Figs 8. BExtenalon area. Rats inhabit mmall area at
top left, Just below chaparral and oak. MNote Lupinus
arboreus peattered below it

Figs 9. Extension area. Same as Fig. 12, enly taken
from top. Note small burrow mounds in foreground and
Lupinus arboreus farther down the hill




tha burm as conditiona became favorable. FPositive evidence of kanga=
roo rata atill in sections of the old burn support this hypothesis.

Within the LB gquare mile geographical range, unsultable habi=
tat (Fig. 1, overlay), including tha ecmmunity of Baywood Park, con-
stitutes about 1672 asres (2.5 8q. mie)s This leaves only 1,00 aczres
(2.2 8q. mi.) of natural habitat. Strangely encugh, approximately
O acres of apparently favorable habitat is completely uninhabited
by Dipodomys (Pigs 1, overlay).

Kangaroo rata were trapped less than 50 feet from dwallings and
atrests in the community of Baywood Park. This tends to indicate
that they are relatively unaffectad by the presence of human belngs
per se, but the predation of house eats and destruction of nomal
envirorment assompanying ~ivilization definitely reduces their

numbara.

Mr. C. Fo Tolman, Jr., of Morro Bay reports seelng I‘J_i'EOdan

{n Morro Bay State Park about 1947 or 1,8, He surmises that tney
had been relsased thers, but failed 1o bocome established.

The minor disturbance created by a few head of cattle ranging
{n eertain areas seems to have 14{ttle effect upon the kangarco rat

population living there.




SECTION VI RESULTS OF THE NATURAL HISTORY INVECTIGATION
The three quadrats used in this study are described as followa:
Quadrat #l1 In an area of extreme density with homogeneocus coverj

the dominant shrub is Lotus secoparius; preferred food (Table V) is

very abundant (Figs. 1 and 10). Quadrat #2: In an area of nomal
density with haterogeneous coverj the dminanl shrubs are Eriogomnm

parvifolius, Salvia mellifera, and Ericameria ericoldes; preferred

food ie mapls (Figs. 1 and 11). Quadrat #3: In an area of nomal

density with heterogeneous coverj the dominant shrubs are Lupinus

chamissonis, Ericameria ericoides, Fringzomim parvifolium, and Salvia

mellifera; preferred food is ample (Figs. 1 and 12). Soma grasses
grow in quadrats #1 ana #3, but they are scarce in quadrat #2.
Population

Applying the Lincoln Index to data obtained from these quadratas,
the estimated kangaroo rat populations aret Quaarat #1, 76.L per
acre} quadrat #2, 21.2 per acre} quadrat #3, 18.6 par acre. Table
II seems to indicats that three nights of trapping were sufficient
to capture moat of the rats present in quadrats #2 and #3, but not
in quadrat #1 which is preobably supporting a maxi=mum population.

The presumably high estimates derived may be partly dus to the
lengthy period separating the original and follew up trappings
(Hayme, 1949). This would increase tne chance of replacement of
marked individuals because of dispersal or natural mortality, and

result in an overestimation of the population. Tnat such was the




Fig. 10. Quadrat #1 locking west. HNots homogenecus
ccyer

Fg. 11. Quadrat #2 locking north. Note heterogenecua
covar




Fig. 12. Quadrat #3 looking west. Note helercgenecous

cover; tip of bay and sand duzmes in background
case in this study eannot te ascertained, but the turncver does not
geen to have been excessive. Nevertheless, in erder to allew for
the possible overestimaticn, the writer feels that a 255 reducticn
of the calculated estimates is warranted (quadrat #1, 57.2 per acrej
quadrat #2, 16 per asrej quadrat #3, 1 per acre). Thus normal popu-
1aticns would average 15 rats per acre and maximum populsaticns ateut

60 rats per acre, the total populaticn amounting to less than 30,000.

4]
Heme Range

Tables TIT and IV give some {indicaticn of the home range of this
kangarco rats In general, thelr nightly feraging range i3 less than
sixty feet, particularly in quadrat #1 where food i3 very plentiful
and numerous contacts betwsen individuals restrict the range cven

more. A large percentage of yourg in the population appears to cause




the adults to forape greater distances, although the truth may be
that the young are less cauticus and enter traps first.

Over a three =onth pericd, retrapping of marked mimals seens
to indicate that the greatest percentage still moved leas than ninely
feet from the original trap site. Age probably did mot influence the
distance traveled,

Using the boundary atrip method deseribed by Stickel (195L), the
maxi=v= home range based on three successive trappings was as follows:
Quadrat #1, 0.08 acre; quadrat #2, 0.08 asre; quadrat §3, 0.07 acre.
Food

The food specles 1isted in Table V form the tulk of morroensist
diet. All of these plants were collected within its geographical
range and offered to aix captive specimens. The captives also ate
ants and grasshoppers, particularly the heads, although they seemed
reluctant to do s30.

Quantities of focd are stcred in the burrows of this rat.
Favorite places include pockets along main tumnels, at the junction
of tumnels, in blind tunnels, or in the walls of rooms (Fig. 1ki).
The occasional observaticn of little surface pockets near burrcw en-
trances (Fige 13) suggests that food may be stored in this manner
for short pericds, but no positive evidence confirmed such a habit
in morroensis.

Competitors and Predators

Pocket mice (Perognathus californicus) and deer mice (Pe gus

maniculatus) are the common competitors found throughout the Coastal




Fig. 13. Burrow entrance with possible food pockets.

Note tail tracks
Strand. Only very limited mmbers of Perognathua seem able to live
where kangaroo rats are most abundant (quadrat #1). Peromyscus

appears where kangarco rat populations are averagoe (quadrats #2 and

#3), and harvest mice (Reithrodontomys megalotus) find a favorable

niche where scme grasses are present in a heterogenecus situation

(quadrat #3).

Rattlesnakes (Crotalus viridis), gopher snakes (Pituophia

eatenifer), and house cats wers the only knewn predators directly
obssrved. Badgers undoubtedly take a large toll, with owls and
foxes ascounting for a few.
Burrows

During the months of July and Augusi, 1957, about fifteen

apparently active burrows were excavated by spading directly througu
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Fig. 14, Burrows of the Morro Bay Kangaroo Rat, vertical view.
A, Main burrow, B, Subsidiary burrow. Mg, main entrance; E,
escape holej R, roomj N, nest. Measurements are froa ground
surface to floor of burrow, Theae are typlcal of the simplest

burrowa obaerved




thn tunnels and tracing them as completely As possible. Soft sand
cemplicatad the operation and probably shscured scma details that
might have been cbzerveds The data progented, however, is reasch—
ably accurale.

o different types of burrows, maln burrews and scbaidiary

burrows, can be recopmnized, as deseribed alse for D. hecrzannd

— i

sularenais by Tappe (19h1). Main burrows of morroensis are usually

wix to ten feat long with two O three tucsme, one of which may be a
nest, and meerous ford pockets and blind turnels filled with =ix-
tures of z0il, seeds, ased hulls, and other rofuse (Fige ). In
general, they do not seex +s be as elaborate as those deseribed for
tularensls, and are usually equipped with only one of twe =ain en-

trances (Fig. 15), although they

may have two or thres cocapes.
Seme of them have blind tunnela descending to greater depths than
the normal lovel.

subsidiary burrows are very almple in construction, being from
two to five feet lomg with no nests, although thay may have a roca
or two and food pockets. They are generally equipped with cne pain
entrance and at least one cscape (Figs 1L). Tappe (op. cit.) sug-
gests that theae burrows eprve a8 play grounds or Riding places.

Both main and subaidiary purrows 1ie six to ten inches under
the surface as measured to the purrox floor. The greatest denth Ta=
corded was twenty six inches at the end of a blind tunnel. Tunnel
diameters range from two to three inches, whila rooms are urually

four inches wide, three inches high, and up to six inchens long.




Fig. 15. Two entrances to a burrow

\ain entrances almost always are charactoristically arched with
a flat rumway (Fige 16). A notable exception is enccuntered where
the soll is hard as in the extension area. Here, burrcw entrances
are round (Fige 17). Depending upon the length of use of the burrow
and the loosencss of the sand, main entrarces may be as much as h" X
L* in dimension.

Easy access to the burrow is always assured by locating its en-

srance in a clearing or near the edge of a bush, rather than under a

tangle of branches or in thick cover. Thus the rat may dive in while

running at full tilt. Escape holes =may be under a bush or in an open
area. Usually the escape hole ends one or two inches btelow the surface,

and the rat must break through the thin crust to get away.




Fig. 16. Typlcal bturrow entrance. Note arch and flat
runway

Fig. 17. Atypical burrow entrance in extension area.
Nate roundness rather than characteristic arch




No rats were found in any of the burrows cxcavated, n fact not

too disturting in view of the findings of Fiteh (1948) in which only

five of 118 excavated tularensis burrows produced rats.

Obvious nests were found in only three or four morroensia bur=
rows. They may conaist of a ccmpact mass of aeed hulls, sesd "para-
chutes,” grasses, bark, roota, and stems cut in short lengths, or
merely a mmall amount of debris scattered on the floor.

None of tho burrcxs ware dafinitely found to be plugged.
anmduction

Tappe (1941) found that tularenais breeds from February to
August, the highest percentage of prognanclies eecurring in April.
Fitch (1948) believed that breeding in this form was not nuite dis-
continued even during the winter months. Table VI indicates that
preeding in morroensias may follew a similar pattern, and the mild
Morro Bay climate (Table I) guggests the posaibility of year round
breeding activity.

Normai litter alze is probably three. T™wo pregnant Cemales
exmmined each contained three embryon. Two others kept in the labora-
tory produced litters of three and four.

Young

Both of the litters raised in the 1aboratory were born the same
night. Each family was kept in a 12 X 12 {neh cage untll the young
wore about ten weeks old. A wad of cotton furnished a nest for them
until they no longer used it. One of the litter of four died the

firat day and apparently was eaten by the mother.




At birth the young are entirely pink and halrless, but after
two or thrne days tha back and head begin to darken. Tappe (op. aits)
noted this darkening in tularensis at twenty two hours. At aight
daya, the dorsal surfacas, particularly, ami all areas that will
grow pigmented hair, are blacke. Areas which will grew white halr
are plnk. The hip stripe 1s evident, being very broad postarisrly
and narrow anteriorly (Fig. 13).

The young appeared to be hairleas until the tenth day when fine

halr was noticed on the back of the body and top of the head. Tappe

(ops cits) reports the first evidence of hair on tularenais at three

days, but Doran (1552) noted the firat appearance of halr on D. mer-
r_i.rll_ :;f..’:f.i.":.‘. At alx dayns.

e hair acstually begina influsneing coloration at about two
weaks, and by about five weeks, the typical leadan hued Juvenile
pelage deseribed by Grinnell (1922) is evident. The tail at this
time is charasterized by aparsa halr, except for the distal one
third which has relatively long halr and 1s very dark (Figs. 10 and
19). For the firat threo weeks or so the tall is crooked and prac-
tically usel.sa (Fig. 18).

When eleven days old, the young from both litters were fouwnd
wandering about the cages on all fours even though thelr eyes were
ati11 closed. On the thirtesnth day the eyes of one of the littars
began to open and the oyes of all were open by the gaventeanth day.

Comparabla periods for tularensis and merriami are fourteen to fif-

taen days and twenty one cays respectively (Tappe, op. cit., Doran,

0D« cit.) .




Fige 18, D« he morroansis, 13 days. Ncte complete hip
astripe; disproportionately large hind footj erocked tall

Figs 19« D he morroensis, about 7 weeka. Note
characteristic markings as in adult, but less sharply
defined; distal 1/ of tail with long, black hair




At fourteen days, one individual was cbserved in a bipedal
atance nibbling on a flake of oatmeal, Most of them were awkwardly
hopplng about the cage by tha eoighteenth day, and by the tweniy sec-
ol day were quite ninbles,

When gevinteen daya old, the young readily ate catmeal, walnuts,
and apple, and at nineteen days were seen filling their cheek pouches
and attempting to bury food. They were completely woaned after twenty
six days, althouh they occasionally tried to suckle for several more
days. This weaning period is the same as that recorded for tularensain
by Tappe (ope cits).

The youngest specimens trapped in the fiald were satimated to be
five or slx weeks old. Maturity ia apparently reached in abou® seven-
tesn to tweniy weoka as Jwiged by the acquinition of completa adult
pelage (see Orimnell, 1922) in elght laboratory specimens (littars and
two young trapped in tha fleld). Measurements and welghts approach
adult standards in fourteen to sixteen weoks. Sexual maturity is
probably reached about this time, The teates of mala rats enlarged
noticeably at five or six weeks.

Table VII records the growth of a female from one of the litters.
The indlvidual was nearly mature at the last measuring and welghing,
but below nommal welght (Table VIII) maybe due to lack of exercime in
the mall confinement, Figures 18, 19, 20, 21, and 22, though not

necessarily of the same individual, pisture variocus stages in the

develomment of morroensis.




Fige 20, Do he morroensis, about 11 weeks. HNols tail
alzoat completealy Ralred with well developed creaty
pore clearly defined markings

Figs 21+ D« h. porroensis, about 16 weeks. Note
conspdcucus molt 1ine with adult pelage anterior,
juvenile posteriori spot of Juvenile pelage between
ears




Figs 22, D. h. morroensis (female), typical aqult.
Note incomplete hip strir-n

Wlting

None of the specimens trapped during July, Auguat, or November
worn shserved to be zalting, although many speciles, ineluding L.
heermanni, are knomn to have ar annual molt at this tize of year
(Quay, 1951). However, two adult specimens {in the laboratory dis-
played a molt in January, 195¢. A molt line was evident cnly upon
olese exanination and could earily have gone undetected in the
exanination of ruffled, freshly caught specizens. Molting in the
laboratory specimens may have been delayed because of their captive

pituation.

1he transitional molt from juvenile to adult pelsge was found

to last six o eight weeks in captive specizens of morroensis, It

progressed from front to rear, the firat patches of auult pelage
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appearing on the forehead and neck. When well under way, the molt
formed a eonsplevous line (Fig. 21).

Social Bshavior

D. h. morroensis appears to be a colitary aniral. Strange irdi-
viduals of 1ike or opposite sex fipht vicicusly the mement that two
are coenfined in the same cagee It is interesting, however, that
neither of the 1itters displayed much dishurmeny in their ten weeks
of clcse contact. Alsgo, one pair of 1litter mates has lived together
in an 11 X 22 inch cage for three montha without serious fighting.
Another pair lived tegether in a 22 X 22 inch cage for two months
befcre they had te be separated by a cardhoard partition. Within a
few days they gnawed two holes through the partition, and each passed
frem ene side to the other at will. However, the hele was carefully
plugged after a paseage in either direction as though to keep the un-
wanted partner sway. A status quo exists at the time of writing.

Nelther of the above pairs have yet exhibited mating activity.
Vﬂ_cfﬂ' Ability

Adult individuals of morroensis were heard to produce two types
of vocal sounds. Two fighting rats uttered a series of high pitched

squeals on several cccasions. Tappe (15L1) mentions a "plaintive,

low pitched, rattling squeak® produced by tularensis while struggling

to get out of a person's grasp. Such a sound is also uttered by
morroansis when disturbed. In addition, disturbed adults seemed to
grind their teeth in a mattling mamer without vocal actien.

Tha young, while still in the nest, cried like new bern pupples

when the mother would move them or leave the nest for a time. They
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also cried almost centinually Aif lost from tho nest before they could
see to get back into it.
Farasites
Fleas, lice, and ticks are easily cbserved parasites of this
kangaroo rat. Of the fifty two indlviduals exaained, 83.5% haibored
at least one of these parasites, and LL.3{ harbored two or more. In
the breakdown, fleas parasitized 734, lice 16.6%, and ticks k' 1
Nematodes were found 4in the gut of one of the five speclmens
checked for such parasites.

Taxoncmlce Characters

A comparison of the writer's specimens with those collected DY
Grinnell in 1918 and Tolman (Morro Bay) in 1955-56 is presented in
Table VIII. It is not felt that any discrepancies in the methods of
obtalning the data can fully account for the apparent decrease in
slze.

The characteristically inccaplete hip stripe of morrcensis was

noted, under a previcus heading, to be ccaplete on all six laberatory
yourz. However, there was considerable variation, the stripe being
extremsly narrow in some. Those with the widest stripe possessed a
very narrow but complete white stripe when adults (Fig. 23). The
others were obviously inccmplete, although the stripe might be well
indicated, as described by Crinnell (1922), with a "wash of pale
tamny-olive across the middle of it." Still others showed scarcely
any trace at all (Pig. 22).

Describing these conditicns as noticeably complete, faintly

complete, and incomplate, respectively, the exmination of thirty




Fig. 23. D. h. aorromsis, adnlt with co=plete hip

stripe. Note bulging cheek pouches

two trapped adults found 6% noticeably complete, 22 faintly com-
plete, and 72% inccmplete.

Interesting Observations

Morro Bay kangaroo mats showed little reluctance to enter traps
and may have tended to form a "trap habit® (#ayne, 19L5) a=z indicated
by the large percentage of individuals retrapped in the quadrats
(Table IX). The parcentages are lower for quadrat #1 probably be-
cause of the large mmber of animals ccepeting for the traps.

The tracks of foraging rats are conspicuous signs of their

presence (Figs. 24 and 25). Bartholomew and Caswell (1951) corrobo-

rate the writer's observation that morroensis leaves tail marks cnly

when moving slowly for short distances in quadrupedal fashien. Foot

prints left by rapidly moving individuals are rarely identifd able.
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SECTION VII SUMNARY

The range of Dipodemys heersanni murroensis encoapasses approxi-

mately li.8 square miles and is lizited by relatively alstinct boun-
daries. Hard soils prevent any significant range extension becausn

of this form's inability to construct burrows in them. Scme phases

af morroensia! natural history closely parallel those of related
. —— T

forms, but differences exist, nrobably due to its peculiar environ-
ment. The population appears to be reproducing satisfactorily and
readily moves into favorable situations. iowever, the Baywood Park
area is rapldly being subdivided, and scme sf the most favorable
habitat available to morrcensis is being destroyed. The future will
undoubtedly see considerable destruction of suitable hablitat and a

correaponding reductlon in the numbers of this species.
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Table I

Temparature, “Fe Rel, Humid., %

Av, Av AV, AV,
| MXe I ?‘il: I.-}?.F,._L_E:EQ_.. | min, I Hm_m

Month

—

Jan, 61 Ly 52 9l 75 85
61 L5 53 2a £8 75

62 L5 5k 95 Kl B3

&l L6 55 98 83 91

18 56 ol 6l B0

58 95 89

July 66 59 a9k Bl E9
Aug, 98 BE 93 06
96 91 06

« Ol
.0‘.&

Sept.

59

&0
Oet, &0 A7 (] o0
57 9k a2 1.LL
Dec, 55 a2 66 .41

loves

Annual 58 93 al, 16,12

Morro Bay climate, Tempe=ature and relative henddity data aa
presented by Nichter (1957); temp, from 20 yr, record obtained at
Standard 0il Company Estro Terminal, Morro Bay, Calif,; rel, hummdd,
from 1 yr, record taken nightly (8 FM through 8AM), Santa Maria,
Calif, Rainfall data from 27 yr. record, courtesy of R. J. Lavery,
Morro Bay, California




Table II

Trapping L" :

M“"‘_mf | Quadrat number 1| Quadrat nusber 2 Quadrat number 3

Number of new individuals trapped

Aue, Nav, Aug, Nov, Aug. Nov,

|
|
(]

|
Total 13 7" [

Decrease in number of new individuals trapped during three
succeasive nights




Table 111

————————

Distance maved during 3 succesaive nights
901-1201 1201-150"

Qquadrat |Trapplng 0. re= |
nuaber |period trapped | ga30f |30'-40! L0150

| 92,38 —— | 7Tk
(12Y) 1 (1A)

26,k ‘| 6.6% | b6k
{134) | (1A) (1A)

AUle

NOY e

251

(1Y)

1914
(LA) \

activity during threo succeasive nighta; 11lustented a8
or more times at glven distances

A, adultj Y young

fanza of
r cent of rats retrapped one

rolative to original trap site,




Table 1V

Tmppln;{ No, re=| Distance moyed during threo month period
period | trapped| 0-30¢ 201 =60"] 601=30"] 90" =120 1201=150"

- | - -

19 : 21.1F | 26,35 | 15.8% 5,28
(34,11)] (1A,41) (2A,11) (1A)

13 1/3% |33 13423 1/3%
(1Y) () | QA1)

6 |31 1/31p3 1/3% 11 1/3%
(2A)  |[(1A,1Y) (24)

__m__¢___lu_ﬂ_l_u_“__‘_L l

Distance travelad during a thres month pericd (trappings about Aug. 1
and Nov. 1)3 illustrated as per sent of rats retrapped at given
Alstances relative to sriginal Aug, and Wov, trap aitea, OF apparent
Aug, and No¥, loct of activity, A, adultj Y, young; indicates age
alnss at Aug,. trapping




Tahle v

Fooed apeclen

Parts eatan

Accaptance

CorsLhrogyma npe®

lotus scopariua®y

GClralum
oceldentala®
A

Ceanothun
cunaatua®
i e

Eriophyllum
confartirllorum®

Hypochoaris
El Rhl‘hp

Erodium
eleutariuny

Cryptanthi
clavelandel

[l

Arctostaphylon

————

mrrornals

Diplacus
anrantincun®f
A

Eromis sp.¥
Abronia ap,

Chorlzanthe
ealifornicn®

dalvia

mollAferat/

soeds

peadn, leayen, stoms
LI E ]
naectdn, leaaven
neodn
pacds, pode, leaven
neadn
neads, leaves
neadn
flenh of berrien,

Al

nomln
neodn, leaves, olema

peed 1, podn

aenidn

accds

high

high

high

Low

pwred f um

high

high

hlgh

high

Low

med Lum
high

high

high

high

Continued on next page




T-Ihll‘! “. I'Illll-i UGy

Frund npmilon I'nrta salen hteaplance

Ericamarin
oricoldea®y meseiln high

Brianstrum
i.LFlI_I’I_L['ilI-:l_l'_'! neadn, :nl!"l high

Shephanomeria
virgatal e e

|..,.l_|_n;_.: cnnnjd Loaak neaiin, leavenm, nbomn hiph

f.'rfu_l_.F-I!
- -‘_'I!rl-r'rrll un®ff e ] | v

Erlogonim
parvifollum® nasdn, [lownre el | im

Hamlzoni s Apiel meeiln o] | i

l.uI.'IJ.I_m
ghamianonin® naadn, lanynn, alems hligh

Lupinun artareusd anmdn, leaven, slemn hlih

Food of Lhe Morro Iy Kangaroo (tat, * indleates Lhone found in
it or more of Lhe arsan teagped, # Vellealen Lhaas foninedl In
Ltha sxtennlon area., Acceptance Ia relativa Lo Lhe apmcien monl
[-urp”].j ni !-n]-!.wt




Augunt

uadrat |

number No, of

g
ll""'l"l_..‘.L

26
5

L

Per cent of young in

Per cont

B Lrul 1| A

2.8
62,5

1”-?

population

(glze  JFoVNgE

1

liovembear

Per cent
1I“1I.1!'I.F'

lin, of

0 0

f 0 0

1 A




Tahle V11

!

1;-.1. il all | Hina l

anpgth f.'rr-l.j | _rmn,) foot (mm,

iy ||

1L 101 50 20
21 141 ™ 3%
29 ' 3

1% : 19

Growth of a young female kangaroo rat
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Tabla IX

Cuadrat No. 1

Quadrat No. 2

Quadmt No. 3

Aug

Ko, possibla
to retrap
one or more
timen

No, retrapped
one or more
timan

No. possible
to retrap
twice

No, reirapped
twice

2L 19

13 15
(54.28) (79%)

b P 19

k| 8
(21.4%) (42%)

oV,

| Aug, __ Nov,

Aug. Nove

8 3

1 2
(202) (100%)

7 3
(87.5%) (100%)

5 6

b 5
(80%) (83.5%)

L

3 4
(100%) (200%)

Per cert of animals racaptured




