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MOVEMENT, ACTIVITY, AND MICROHABITAT
SELECTION IN THE WESTERN BOX TURTLE,
TERRAPENE ORNATA LUTEOLA, IN NEW MEXICO

PimMy M. NiEuwoLT!
Department of Biology, University of New Mexico, Albuquerque, NM 87131, USA

ABSTRACT: Movement patterns in the western box turtle, Terrapene ornata luteola, were es-
timated from both repeated sightings on a road and radiotelemetry. Home ranges were smaller
than those expected from random movements. Turtles in the study area may have larger home
ranges (mean arez of 1.6 ha, minimum polygon method, mean maximum diameter of 276 m) than
box turttes in more mesic habitats. No significant differences in home range size or distances moved
were observed between sexes, and overlap was considerable. Turtles moved farther on the road
than off the road and the road may have increased the size of the home range of some turtles,

Turtles were most active when ambient temperatures were 13-24 C, solar radiation was <200
jules/em?/h, and humidity was high (<20 mbar vapour pressure deficit). Turtles selected micro-
habitats with lower soil temperatures, higher ambient temperatures, and lower humidity levels
than those observed at the meteorological station on the study site.

Key words: Box turtles, Terrapene ornata luteols; Movemenl; Home range; Microhabitat

selection; Activities; Deserts

MOVEMENTS of organisms within and
between populations are fundamental to
the ecology of species and are important
in both intra- and inter-specific interac-
tions. An understanding of patterns of
movement, both spatial and temporal, re-
quires knowledge of environmental and
social conditions under which movement
occurs. It is often difficult, however, to
acertain why an animal is moving and mo-
tivation usually has to be inferred.

I examined the intrapopulational move-
ment of the western box turtle, Terrapene
ornata luteola, in central New Mexico. This
subspecies primarily inhabits arid grass-
lands of the southwestern United States
and northern Mexico (Pritchard, 1979). It
is thought to be a relict form of a mesically
adapted box turtle (Milstead and Tinkle,
1967). A comparison between the western
box turtle and conspecific forms in more
mesic environments may give insights into
the effect of habitat and resource density
on movemnents.

Auffenberg and Weaver (1969) hy poth-
esized that home range sizes of tortoises in

' PRESENT ADDRESS: Department of Biology/314,
University of Nevada, Reno, NV 89557, USA.
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Texas would be larger where there is a
lower density of food and shelter; Auffen-
berg and Iverson {1979) showed that home
range size in gopher tortoises was corre-
lated with available food resources. Some
xerically adapted tortoises have larger
home ranges than mesically adapted tor-
toises (Diemer, 1992). Because western box
turtles occur in drier areas than ornate box
turtles, T. 0. ornata, the only other sub-
species (Legler, 1960), their home ranges
may be larger than those for T. o. ornata.
To date, there are no estimates of home
range sizes for T. 0. luteola, other than this
study. Maximum diameters of home rang-
es for T. 0. ornata range from 94-267 m
(Table 1). Any study of home range in
turtles must also consider the effects of
roads; roads may increase the size of a
home range (Diemer, 1992) and therefore
can complicate comparisons.

Few studies (but see Rose and Judd,
1979) on home ranges of turtles have sta-
tistically examined whether turtles move
randomly or non-randomly around an area.
In both situations, a “home range” might
be found, but even a water molecule mov-
ing at random will remain in a relatively
restricted area (Munger, 1984). Because
eastern box turtles display site fidelity over




A ors] sBunydis o) Bunaay
JB|MD[ED 0} SIBUIPIOOD A [slig
‘[ENPIATPUL DB 10, (RG1)
S POZIWOPUBI alam saidung
pUNOIE A[WIOPUEL A0 sa
TULIYBP O "S$IPUWEIP i
oyiaw (0861) uewdey:) pue
aw osdi[[e %66 oy (1peT
s uoddjod wnwiugg a3
5} panduIod 1 ‘satpngs Yo
lwoo ases o], [eosey ung,
of AqQ uaniim wy o3 ue
e SeM Bale 9ZUBI Hilioy]
QBUOSEAT SNSI3A Bousptadep
asfwrosduwion o3 ‘qawds skep
§ 2I9M 1B SUOIBAIISO D501}
sA[eue Juanbasqns (v e ‘Juap
© Bureq jo aunIspaoy oy je
I SBULYSIS “IPADN O BL T
3/8unyBis auo e gy, opny uy
3 ‘AL Ym ‘Anp/sBug
)G9 21N} Ul PRLINDNC SUCTBA
spuadapuy (g6 [ ‘wpeis pue
3 SUOLIBAISSQO Ld9.M18( awl)
eif sem pue poje[noea sem
¢ ‘sBunyais U39.M19¢| papaau
3 WNWIUW 31} 91HTUTIS O,
Woy SuijBwIlsd 10§ spoyjeu
lwnsse ue axe sgaqydis Juap
BDaq ‘19710 Yowd jo juspuad
Om SUOTIBOO] W[/ SUTULID)
m SIY Y, sAep sy 1oy Aep
way} Juneao] Aq poioptow
19% ‘Gl PUB ()Gg st pajouap
M1 epany o Jo FupySis 181§
1B00] YOS O SajRUIpIond &
nseaw | ‘pros 314} 03 yoadsai
woy jo uonjpunexe Ul 3daoxd
13 sBuny3ts snoynL0) papnpd
IIp 30U PUE A[]20Mmi] PaIed0]
ZBGT Ul 12([0)190) A[180 0] nd
jpuE 166 [ 1 rruajdes-prut
10 A[rea wio. aoeyd ooy 3ul
say Sy sem SI[30g JO £ysuap
201 JO oas unf-'g € Suote
I 21am S3[)an) padyoel-olp
Wi PoUSI9JIa3a] 20npal
1 Jo o A 03 PR
JeA (sortelieq LY Yim adAd

y) SIenjruisusay OIpet 3-g1L

(so[Biiaf sony) ‘sApel anoj)

1
1012]3(p uaads pue 0861 W

sa[E W S }) sa[3In Xoq nde

‘__.__'__”_______.'
e T T T et aaqudddd :

T SRARLEL v, &l R A R MBI i o537 (L i € e

-'.
2

g.wond ‘noes snorrea ‘sassead SnoLIea Aq

paddinba | ‘peos ayy Suoe sjuswesour
uo uoneuwojur sy yuswaddns oL
's3uipeas 13)awopo Juisn
psieumsa ssam suoneso] $8a] Juoly pue
$949 2y} Jo sIo[od 3y} pue J00puty ayy
JO 203 1817 2y} JO UOHIEIUATIO Ay} ‘[1e} By
Jo adeys ayy 3 Buiyoo| Aq xes paururiay
“OP | "20UBRGINISIP [BUWITUTWT Y3im poyruapt
Apusnbasqns 9q 01 ss[3In) Burqeus ‘soede
~182 3l JO JPIs Yora U0 JaquInu uoresyi
-uapy ue pajured [ ')yef 0y 1qBu woiy Fug
-03 ‘01-0g pajuasaidas sjeurdaeur 9AY 9]
10rq 9y} pue Y3 0y )59y woly 3uiod ‘[
-G pAiussaxdal sreutdrew aay jysu yorq
oY) yBu 0y 1j91 JuroB ‘Qor-00F pajuas
-axdax anos yestalao Y3 I9jfe speurdiew
Inoy 1yBu juoly sy, -ooedeied 2U3 jo sajnos
[eutdreur ayj ojur sayojou 3uljy Aq paylew
Apusueuntad pue ‘painseaw ‘paydrom sem
13N} Y'Y "AfO3m SIUIL) [BIIASS PEOL Hip
'+ 23 uo SUIALIP A 266 1-066 W01 19q0300
-ABN WOI] PaId)uNoouUs 9o m sa[un) xog

Siuawaao pup aduvy awoy

"prol
. 93 Jo ap1s yowa Buole pim uI gpg Inoqe

T pore ue pue ‘yinos-yyrou A@jewrxordde

: Buruuna ‘peos up wy-gg e JO paisisuod

4 aus Aprus oy (2661 ‘TPz pue dquam())
g (wnurrxeur Knf Ueaur) 7y of 0f (Wnwui
& Krenue[ ueaw} 7y |- wol} a8uel soinje
$--1edwa) [enuue Isndny pue Amf Burnp
Buijrey 1t Jo ysow ‘urw LOT ST *ayis Apnys ay)
i woly wy §'gy ‘opleurag ur {[efured [enuue
# Ueapy ‘sjenuue puE sqnuys [[ews layjo pue

“""(mmuapm D2.L4DT) 91050810 ‘(vsourin)d
: MTDLIDLIND)} PRomaeus ‘(ponwpd poon )

i Pazusoereys st uonejefoa AL W gogl

-JO uoneasfo ue je ‘1.Iasap UenyenyIysy ayj

%;0 9duniy wayiou ayy uo pue|ssel3 pre

i,

-TW3s JO SISISUOD BIIE SIY], 'OIIXDIN MIN
‘anbianbnqy jo yinos wy ¢g jnoqe ‘adn
“J2H SJYP[IM JBUCIIEN BI3[[1A3S By Jo jied
[[BWS & Ul sindoo pjoan] 0 auadpiis
paly fipny§ ay;y fo uwondiosacy
SAOHLIA

's3inje
-ladway sjqeioaejun Supmp aaroe aq ues
A9Y) JEY) W Jo junowe 3} sseatour 0)
way) uljqeus sIeNqeyoloTu 103[35 0 safy
-in3 xoq paysadxa | “A[reurg ‘passauppe os|e
SeA punold saoqe axe Aoy} usys op sa[jany
1EYMm Jo uonsanb ay I -urayyed Ajanoe Afrep
[epowilq [32Lns = pajotpaad 1 -azis s8ued
SUWOL 8SBIIDUL SPEO. JE} PUE seBuer ouoy
1331e] oary pmom SIBIIqQEY 131D ur sa[)
~IN} x0q JeY) sas3y30dAy oY) pajsa) | -apany
X0q u1aisam ayj ur [R1aual Ul sjusuaAow
JO 1u=1x3 3y) pue saBuer swoy Jo azrs ay)
QUIWIEXI 0] P3jonpuod sem Apnis siyy
‘a1l
“1[9 3eIapowl SI0W Ul UEY) [ed13140 slow
g Amwy )i 2IayMm ‘safliny xoq 4Aq sjellqey
-0I0IW djqrIoAE] A[[RULISY} jO uonI9[as 1
nsal ppnoys Apnjs Aur jo eaie a1 ul s21n)
-e1adwoy Aep-prut ydry (PSBT ‘oy[eale)
9P pue suiepy) sjejiqeyosotw [eutony)
[euindo Zuryosyes Aq no paliten s uonen
-Ba1our1any [elotaeyaq pue ‘sueaw [edigo)
-otsAyd pue [BIO1ARY3q joq Aq sarnjelad
-way Apoq 119y a3eMn3al sa[uday "ysiy
e sainjeradwus) uaym suwiaped Ljanoe
fepowtq ur 3uynsar {ogg1 ‘PPN BL61T
‘ossny ‘BT ‘uedeay (IRET “Te 12 sryol
0961 “13]397]) SUOHIPUOD [BIUSUUOITAUD
01 paiglal A[pso[o s1 Ajianoe 1B} umoys
QABY S3[UN) XOQ U0 $IIPNIS SnOIAdIg
“A[wop
“UBL-UOU SAOW S3[LIN] XOQ UIejsam jey)
s|qeqoad st 31 (R 194018} siead Auew

—_—
PG 2ewaj ]
9LBT “ltejg SO1 3[ew c é sexof,
. 8EC6T Y211 L9T £ I SESURY
2 293 9[ewiag pue[wref
#0151 ‘edtapy pue Heapy 3G1 erw —_ Jaurer SESURY LIQ)SEIINOG
£ pUg[poom
‘13[da- : URuLIE,; SRELRY ISR ON
A 0961 121327 691 44 /pur| K| A BESHON
Aaoyiny azis aBuer awroy u 1eNgRE] raie Jaiydeioa
SIFow ul
"“"'-"!153 ADWERID WINWIEXBLY "DIDULC DIDULO auadpiia [ ‘sapiiny XQg 238N0 fO] 53715 ofu Rl BulO{— | A9V f,
N 8$ 1oq) YOIDO QLA UAH 89




[Val. 52, No. 4
Vaximum diameter estimates

Authority
segler, 1960
Aetcalf and Metcalf, 1970

Titch, 1958
3lair, 1976

- e—

| the northern fringe of
desert, at an elevation of
setation is characterized
:as, various cacti, yucca
snakeweed (Gutierrezid
sote (Larrea tridentata),
shrubs and annuals. Mean
y Bernardo, 16.8 km frgm
207 mm, most of it falling
August; annual temper-
ym —8 C {mean January
, C {(mean July max1mur‘n)
zell, 1992). The study site
y3-km dirt road, running
north-south, and an area
ide along each side of the

nge and Movements
sre encountered from May-
990-1992 by driving on the
| times weekly. Each turtle
neasured, and permaneptlyi
g notches into the margina
rapace. The front right four
r the cervical scute repre-
10, going }eft to rig}:;, the
2 marginals represen —
left t% right, and the back
inals represented 50-10, go-
t to left. I painted an 1den_-
\ber on each side of the call-
1g turtles to be subsequentiy
h minimal disturbance. 1 d(».::
by looking at the shape wr
srientation of the first toe of
and the colors of th_e eyes
5. Locations were estimale:
readings.
;?rrlent lhg information ::,*3
along the road, 1 equipp®

December 1996]

eight box turtles (three males, five females)
in 1990 and seven different individuals
(four males, three females) in 1992 with
1}.8-g radio transmitters (AVM Co., SB2
type, with K7 batteries). Transmitters were
attached to the front of the carapace to
reduce interference with mating. All ra-
dio-tracked turtles were initially located
along a 2.4-km stretch of road, where the
density of turtles was highest. Radio-track-
ing took place from early or mid-June to
inid-September in 1991 and from mid-Au-
gust to early October in 1992, Turtles were
located biweekly and not disturbed. 1 ex-
cluded fortuitous sightings from analyses,
except in examination of home ranges with
respect to the road. 1 measured the X and
Y coordinates of each location from the
first sighting of the turtle. Two individuals,
denoted as 630 and 75, were intensively
monitored by locating them four times a
day for three days. This was done to de-
termine when locations would be inde-
pendent of each other, because indepen-
dent sightings are an assumption of most
methods for estimating home range area.
To estimate the minimum length of time
needed between sightings, Schoener’s ratio
was calculated and was graphed against
time between observations {after Swihart
and Slade, 1985). Independence of obser-
vations occurred in turtle 630 at two sight-
ings/day, with eccentricity, e, of 4.79, and
in turtle 75 at one sighting/day, with e of
1.74. However, sightings twice a week were
at the borderline of being non-indepen-
dent;in all subsequent analyses, I used only
those observations that were three or more
days apart, to compromise between in-
dependence versus reasonable sample sizes.
Home range area was calculated using
an algorithm written by John Carey, in
Turbo Pascal. To ease comparisons with
other studies, 1 computed four estimates:
the minirmnum polygon method (Mohr,
1947), the 95% ellipse method, the Dixon
and Chapman (1980) method, and maxi-
mum diameters. To determine if box tur-
tles move randomly around a site, home
ranges were randomized sensu Munger
{1984). For each individual, I used the X
and Y coordinates to caleulate vectors con-
necting the sightings. Each vector was di-
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vided into a north-south and east-west
component. Direction (i.e., north or south,
east or west) and the order of vectors was
then randomized. New coordinates were
calculated and a new home range area es-
timated. Twenty iterations of the random-
ized home range were computed; [ com-
pared means to the actual home range sizes.

I examined plots at which box turtles
were sighted in relationship to the road.
In addition, I estimated movements of ra-
dio-tracked turties using straight line (min-
imum) distances between successive lo-
cations, as in Zeng and Brown (1987). On-
road and off-road movement was com-
pared. To test that distance increases with
amount of time between sightings, I cor-
related distance moved with time between
locations. Rate of movemnent was calculat-
ed by dividing the dispersal distance by
the time between sightings.

Activities

Individual turtles were observed for 30
min to obtain detailed information on
above ground activities during the times
when turtles were active. [ categorized be-
haviors as resting, feeding, walking, and
social behavior. Sometimes the observation
period was reduced because the turtle en-
tered a burrow. No individual turtle was
observed for more than a total of 1.5 h/yr,
and never twice or more during the same
day. Activities of radio-tracked turtles were
noted on location, done during varying
times of day, also to provide data on how
many turtles were active (above ground)
or inactive (below ground or stationary and
sheltered by vegetation). Weather data
were collected from the Deep Well Me-
teorological Station at the study site. Vari-
ables used included ambient temperature,
soil temperature at 1 cm, precipitation, va-
pour pressure deficit, and solar radiation.
I used principal component analysis, using
centered, standardized data and a corre-
lation matrix, to identify the most impor-
tant weather variables for turtles. These
were then analyzed using multiple re-
gression to devise a model predicting the
activity of box turtles when above ground.

To investigate the effect of environ-
mental variables on activity more directly,
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urtles, 1991 and 1992. Home
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RESULTS
ox turtles was encoun-

?elstbudy, consisting_of 27:;1%
emales, and 18.2% juveniles.
ated in burrows of kangaﬁoo
nys spectabilis), a.nd tde)i
ibernation (brumlahon)‘ ul;’
ivity was sporadic until tBe’
ted, usually in late June. ¥
5 the end of October, mosi

n hibernation.

lange and Movementsl
female home ranges did rI-lIOt
-antly in area (Table 2). ib
ome range were extremte; );
ecially for males. Most turt v
.+ home range than expec er
i was random (Table 2). 'Il‘]n
change the locations 'tht t’:;
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nge appreciably betuce;}..n_
ng radio-tracked turtles. o
verlap of home ranges .‘;s
 between anciﬁwt}hl‘n tt}imfaiexu .
roughly ellip .
Zz :’rfd“:hreegfemales had home
“the maijor axis along the roa

December 1996)

and all of these except for one female were
never found >100 m from the road. Two
males and a female had the major axis of
their home ranges at a slight angle to the
road, but they had clearly increased their
ranges along the road. Two females seem-
ingly increased the minor axis of their home
ranges due to the road, but they also spent
considerable time away from the road. One
male and three females were not obviously
affected by the road, other than being
tound on it occasionally; two of these (both
females) were found only once on the road.
Figure 1 shows examples of home ranges
with the major axis along the road, minor
axis increased by the road, and no obvious
influence of the road on the turtle,
Although a higher proportion of male
non-radiotracked turtles travelled long dis-
tances over three vears, the mean (£SD)
of 375.1 m {*447) was not significantly
different from females [326.5 m {+55)].
Juveniles moved significantly less far than
adults {163.2 (+171), Kruskal-Wallis test,
F =331, P = 0.013) (Fig. 2). No relation-
ship existed between time between sight-
ings and distance moved. Total mean rate
of dispersal (distance travelled between
sightings/time between sightings) (+SD)
was 13.4 m/day (£32) with males moving

at a rate of 15.08 (£32, n = 208) m/day,
females at 13.00 (35, n = 384) m/day,
and juveniles 7.50. (+8, n = 56} m/day.

The speed for males was significantly high-
er than for females (Mann-Whitney U test,
U=2045, P = 0.041).

Straight line dispersal distances of radio-
tracked turtles located twice weekly
showed a similar pattern as in Fig. 2. Dif-
ferences between the sexes were not sig-
nificant. Movement occurring at least in
part on the road was significantly greater
than off-road movement (Mann-Whitney
Utest, [J = —4.639, P < 0.001).

—

—

FIG. 1.--Home range plots of individual turtles.
The road is represented by the line going from top
to bottom through the plots, (A) a home range with
the major axis along the road; (B) the major axis is
SIight]y at an angle to the road; {C) the effect of the
Toad on the turtle is less clear. Distances in meters.
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- MALES

FEMALES
JUVENILES

XY}

WALK FEED SOCIAL BEHAVIOR

ACTIVITY

of above ground turtles from

(39 males, 77 females, _and 25
activities significantly different
P < 0.001.

correlated on the second
nay be less important to

2} variables that correla}ted
rst component, used in a
sion- analysis and alone,
ot the activities of the tur-
se ground. However, for
urtles only, soil tempera-
ficantly higher for those
compared to those found
ing (Kruskal-Wallis test, F
1356). .

tal variables were impor-
ing when turtles were ac-
it differences between all
sles (ambient temperature,
e deficit, soil temperature,
stion) were found between
Lactive turtles (Mann-Whit-
. 4.56,5.67,5.165, and 6.600
1l P-values <0.0001). Data
cked turtles showed that ac-
wodal (Fig. 4). Turtles were
»mbient temperatures qf 13 .
e vapour pressure de_flgt wa
nd during solar radiation ¢:
2 /h or less (Fig. 4). Turtles
ive at soil temperatures_bn:
and >36 C. During penqdy
(36.31% of the time, not in-

s), turtles stayed in kangarco

»r in clumps of vegetation.

December 1996]
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TaBLE 3.—Results of a principal component analysis of environmental variables.

Correlation matrix

Ambient lemp. VPD!

Soil temp. Sol. rad
Ambient temp 1.000 0.918%*~ 0.906%»* -0.036
VPD 0.915%** 1.000 0.86]1%** —{.004
Soil temp. 0.605*** —0.465%** 1.000 -0.119
Sol. rad. 0.036 —0.097 -0.099 1.000
Eigenvalues of the correlation matrix:
Eigenvalie DiHference Proportion

PCl1 2.800 1.807 0.700

PC2 0.993 0.833 0.248
Eigenvectors:

Variables PCl PC2

Ambient temp. 0.582 0.089
VPD 0.574 0.021
Soil temp. 0.571 0.018
Sol. rad. ~0.074 0.996

'Y vapour pressure deficit (mbar)
* 5ol. rad.- solar radiation in jules,cm!/h.
*#rP < 0001

Precipitation was not used in the above
analyses because of its rare occurrence and
because field-work was not conducted dur-
ing rain-storms. Turtles were observed to
walk and feed during light rain, even when

o) 8
] 20
4o _’\ o0 /

J ao
0

8 & 10 12 14 18 12 20 22 L] [ET ] 2 ELIN1 )

TIME OF DAY [h) AMBIENT TEWPERATURE {C}

e} dq]

a0 \

10
10 15 9 35 30 35 40 43

VAFOUR PRESSURE DEFICHT (mhor} SO, TEMPERATURE {C}

¥ TURTLES ACTIVE

=80 O $¢ 10D 130 200 230 JGD

SOLAR RADIATION (Julna/em®/h)

FIG. 4. —Activity of radio-tracked turtles in rela-
tion to {a) time of day, (b) ambient temperature, (c)
vapour pressure deficit, (d) soil lemperature, and (e)

solar radiation.

ambient temperatures were unusually high
for normal activity.

When it was hot, soil termperature was
significantly lower at the locations of the
turtles than at Deep Well (Table 4). Am-
bient temperature and vapour pressure def-
icit at the turtle microsite was significantly
higher than at Deep Well for all three
categories, but the difference decreased
with increase in temperature category.
There were no significant differences be-
tween the sexes. Results for turtles in bur-
rows were essentially the same as those for
turtles above ground.

DiscussionN

Data from other turtle populations are
equivocal with regard to differences in

TABLE 4.—Analysis of microhabitat selection data,

showing ¢ values from parametric and nonparametric

tests, comparing values at turtles versus those from

the Deep Well Meteorological Station. Cold: 11-19.99
C; warm: 20-2599 C; hot: 26 C and above.

Cald Warm Hot

Vanahble {n=15) {n = 30) (n = 37)
Soil temp.  1.592 -0.3571 —11.083***
Ambient

temp. 8.448%>+ T.634*+* 3.942%**
VP 4.129%++ 3.988%** 2.238*

' VPD vapour pressure deficit (mbar).

*P <005
**P <00l
P < 000
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