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ABSTRACT: In situ predator-proof enclosures or pens can provide low-cost technology to conduct research
on early life stages of tortoises and improve hatching success and Juvenile survivorship of threatened and
endangered species without the negative effects commonly experienced with captive-reared tortoises.

In situ experiments with two North American tortoise species, the Bolson tortoise (Gopherus flavomargina-
~ tus) and the desert tortoise (G. agassizii), provided valuable insights. The initial work (1983) with G. flavo-

marginatus at Mapimi, Durango, Mexico was characterized by extensive human manipulation and relatively
~ low survivorship. Eggs were harvested from wild females using injections of oxytocin and were hatched in
- outdoor solar-powered incubators with a 65-67% success rate. Neonates were transferred to 20,1 x3 m
~ wood and adobe pens constructed within an 11 x 13 x 2.5 m outdoor wire enclosure. Each pen held 1-2
~ neonates, which were provided with water and food. During the three-year trial, survivorship in the nursery
© was 76% (n = 86). Annual growth rates of juveniles declined from 184.7% (in weight) in the first year to
- nearly zero in the third year. For the 1983 cohort of neonates, three-year survivorship was 60%.

Building on the experience of the 1983 project, a second, but more passive, program was initiated in 1990
~ for G. agassizii at Fort Irwin in the Mojave Desert of California, USA. Wild females were temporarily relo-
- cated to a 60 x 60 x 2.6 m high fenced enclosure with natural, undisturbed desert vegetation. Females were
- permitted to range freely and nest, after which most were returned to their home sites. Hatching success was

90-94%. Some neonates constructed their own burrows, while others exploited pre-existing shelters or ar-
 tificial burrows. No food or water was provided. Most individuals showed continuous growth into the third
year. Drought conditions were probably responsible for declines in their growth and weights in the fourth
- year, and by the end of the fifth year, five (4.5%, n = 110) juveniles had died of starvation and dehydration.
. Excluding juveniles killed by predators (in a control area and in an exposed section of the enclosure), overall

sal of survivorship for the first three and one half years (between 1990 and 1994) was 88%. Despite the losses to
ining - drought during the fourth and fifth years, this passive treatment shows greater promise of success. The issue

' of carrying capacity within an enclosure, however, requires further investigation. Designs for two different

les in . field enclosures and alternate treatments are proposed, and recommendations are made for future in situ field
vival . programs.
ower

~ Most hatchery and nursery operations undertaken to

zgﬁe conserve chelonians have focused on sea turtles (Bjorndal,
varis 982) as well as some species of freshwater turtles. Be-
5 6t ause aquatic turtle nests are often aggregated, eggs and

eonates can be located and protected more easily than

those of terrestrial turtles and tortoises. Projects intended

{o protect eggs and neonates of aquatic chelonians subse-

quently developed into extended programs to raise juveniles

© fosizes that were less vulnerable to predation. Designed to
L counterbalance increasing losses to predators, habitat degra-
ation, or habitat elimination, such intervention programs
have been called “headstart efforts” (Carr, 1984).

Like the aquatic turtles, the majority of terrestrial chelo-

nians are threatened by both direct human take and anthro-
pogenic degradation of their ecosystems. In contrast to many
species of aquatic turtles, however, testudinids and ter-
restrial emydids rarely have concentrated or communal
nesting sites (Moll, 1979; Mrosovsky, 1983; Swingland and
Klemens, 1989).

Yet after 30 years of intermittent sea turtle headstart
programs, there is little evidence that progeny from hatch-
ery and nursery programs survive to reach breeding age.
Some authors (e.g., Mrosovsky, 1983; Frazer, 1992) have
given negative reviews of these intervention programs.
Frazer (1992, this volume) identified five areas of criticism.
First, artificial propagation of young may be rendered
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ineffective unless the original causes of population declines
are eliminated. In Frazer’s classic example of sea turtles,
habitat degradation from oil spills and global warming and
loss of adults to shrimp nets could not be compensated by
the “half-way technology” of simply producing more juve-
nile turtles for release into environments no longer able to
sustain them. Second, headstart operations can perpetuate
themselves as self-serving sociopolitical institutions that are
auractive 1o a naive public. Such endeavors are often inac-
curately equated to livestock husbandry. Third, evaluations
of the efficacy of hatcheries and nurseries are often deferred
for a generation, because only successful reproduction is a
valid determinant of the survivorship to adulthood of the
released juveniles. Fourth, the normal and appropriate roles
of eggs and juveniles as prey in the context of food webs
may be diminished by hatchery and nursery operations
(Frazer, 1992). Erosion of gene pool diversity and hetero-
zygosity may also result when a few females provide almost
all progeny for the F | generation. Rarely do effective popu-
lation numbers reach the hypothesized requisite of 500 re-
producing adults (N,) necessary to minimize inbreeding de-
pression and drift-related losses in genetic diversity (Lande
and Barrowclough, 1987). Fifth, hatchery efforts also direct
conservation efforts to Jjuveniles, which individually have
the lowest probability of contributing to recruitment, rather
than to reproductive adult females, which have the highest.

Mrosovsky (1983) provided three additional pragmatic
considerations: Captive-reared Juveniles released into natu-
ral surroundings may suffer spatial disorientation, lack war-
iness of predators, and be conditioned to inappropriate food
items. In addition, the artificially elevated densities in cap-
tive chelonian colonies may result in malnutrition and epi-
demic disease.

It should be noted that the tactics and technology of
headstart programs have evolved considerably over the last
three decades: Nutrition has been improved, which pro-
motes more normal growth; holding centers provide better
hygiene and more Space to accommodate growth and acti-
vity; longer rearing periods permit the release of larger tur-
tles, which are less vulnerable to predators; the use of TEDs
has reduced incidental take; in some marine habitats local
pollution may have abated sufficiently to reduce environ-
mental loss; and public education may also reduce losses to
human activities. Given sea turtle generation intervals,
however, it may be at least another 20 years before head-
start programs receive a full and impartial evaluation.

During the past decade, headstart technologies devel-
oped for sea turtles have been modified for terrestrial chelo-
nians. In this paper we evaluate field-based enclosures both
as hatcheries and nurseries for restocking threatened and
endangered tortoises and as research tools for obtaining
more data on life history attributes.

Definition of Field Enclosures |
At minimum, a field enclosure is a fenced area of suii-
able habitat on or within the historic range of the particular
species and is capable of physically housing at least one
clutch of eggs and sustaining the resulting neonate tortojses.
(Neonate here refers to a juvenile <l year of age and for
which age is absolutely known, e.g., through mark-recapture
data, Morafka, 1994 The <ite weed noh susiain you,
tortoises for any particular time period beyond hatching ag
emergence. The individual tortoises need not be drawn frop
the local surrounding habitat. This core definition can jp
clude interventions as simple as a small cone or “tent” (
ficient to sustain the neonates from a single clutch for
season) or as complex as a field hatchery for hund

(Gop
S$izii)
was ;
draw:

focus here on the larger and more complex structures
as hatcheries and nurseries. Most projects have bee
rected toward restocking or reintroduction.

Other Testudinid Hatchery and

Nursery Programs that Utilize Enclosures ]
In the last three decades, at least a dozen hatchery ang!

Tursery operations have been proposed or implemented ;;

11 taxa of tortoises (Table 1) in 12 wild or semi-wild set.t

The limited number is understandable, considering logi
tical difficulties, costs, and lack of critical life history d |
for many species. Purposes for the facilities vary consider-
ably and range from raising highly endangered species for
restocking, translocation, or repatriation into natural and
historical habitats to providing holding facilities for cap-
tives. One important function in North America continues
to be the gathering of scientific data on survivorship, be-
havior, physiology, and health of wild-raised tortoises, even
when locally robust populations render restocking unneces-
sary. Education of local residents and visitors has also been
incorporated into some programs, and one program for Al-
dabrachelys elephanting (formerly Geochelone gigantea)
on Curieuse Island was established in part to provide a tour-
ist attraction and deflect tourist pressure from the atol] of
Aldabra (Stoddart et al., 1982; Hambler, 1994). At Jeagt
one program (for Geochelone sulcata) in western Africa
was designed to provide food for human consumption
(IUCN/SSC, 1989). The best known, longest-term, largest,
and most successful operation is for G. nigra in the Gals-
Pagos Islands (McFarland et al., 1974; Cayot et al., 199%;
Cayot and Morillo, this volume). The program has single-
handedly saved G. n. hoodensis, of which all wild speci-
mens at present were headstarted and are now breeding,
Other hatchery and nursery programs (e.g., for Geochelone
radiata) have been established at zoological parks and
reserves outside the historic geographic ranges of species,



1 Two Case Studies in North America
‘ea of suit- §

- Two studies of field enclosures for the Bolson tortoise
particular § (Gopherus flavomarginatus) and the desert tortoise (G. agas-
least one § sizii) are presented below. The G. Slavomarginatus program

> tortoises, ﬂl was actively managed, whereas the G. agassizii program,
¢ and for § drawing upon the experiences of the former, used a passive
“Tecapture § sirategy. The purposes of the two projects and ecological
in young § d societal contexts in which they existed also differed
ching and § substantially.

awn fro
The Mapimi Site
- Purpose of the Project. The first long-term tortoise en-
. closure was established in North America in 1983 by Mex-
. ico’s Instituto de Ecologfa at its Laboratorio del Desierto in
. the state of Durango to (1) provide baseline data on life
history attributes, and (2) attempt to enhance recruitment in
local populations of the Bolson tortoise, an endangered en-
. demic species confined to the Bolsones (closed basins) de
Mapimi of Mexico’s central Chihuahuan Desert. Artificial
enclosures were established because few young tortoises
- vwere observed during early studies (Legler and Webb, 1961),

ery and and 20 years later only captive juveniles were available to
nted for tharacterize juveniles and their growth (Morafka, 1982). A
ild set-  citical component of this project was the active involvement
ranges. of local residents who were employed in the construction
! logis- and maintenance of the physical enclosure and in care and
ry data maintenance of the juvenile tortoises. This was a labor-
nsider- - intensive endeavor in which a small space was managed and
ies for i supplemented by human effort.

al and A - Location and Description of the Study Site. Situated in
T cap- the endemically rich Mapimian Subprovince of the Chihua-

tinues
p, be-
, even
leces-
' been
i Al-
ntea)
tour-

huan Desert (Morafka, 1977), the vegetation is a patchy
distribution of thorn scrub on a 2-3% grade (Martinez and
Morello, 1977; Morafka et al., 1981). Dominant and impor-
tant plant species are creosote bush (Larrea tridentata),
prickly pear cactus (Opuntia rostrata), mesquite (Prosopis
glandulosa), tar bush (Flourensia cernua), tobosa grass (Hi-
laria mutica), mallow (Sphaeralcea angustifolia), and grama
grass (Bouteloua sp.).

o1l of - The hatchery, nursery, and adjacent release site were in
lefist o l?]e Mapimi Reserve 26°29'-26°52' N, 103°32'-103°58 W
frica 1t 1,100 m approximately 1 km NE of the Laboratorio del
ition

Desierto field station in Durango, Mexico (Tom, 1994).

- The Local Tortoise Population. Local populations tend
to be dominated by adults and neonates with low percent-
esin intermediate age classes (Adest et al., 1989a). Aguirre
¢tal. (1984) suggested that high density population clusters
may reach 300 adults/km?, whereas more widespread, low
density areas would average approximately 10 adults/km?2.
. Parental Stock and Handling of Eggs. Healthy, free-
living adults served as parental stock (Morafka et al., 1986).
pmvid females collected from a wild population 10 km NW

est,
alg-
194,
gle- &
2Ci-
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of the Laboratorio were the source of eggs. Carotid and
axillary blood samples were taken, and hematologic and
serum biochemistries indicated no particular health prob-
lems, but fecal samples revealed high ascarid (nematode)
egg counts. Such parasite loads are not necessarily detri-
mental to health as nematodes may serve as detritivores
(shredders) in facilitating digestion (as suggested for igua-
nines by Iverson, 1982).

Presence of eggs was determined by inguinal palpation.
Some females were induced to deposit their clutches by an
intramuscular injection of oxytocin at a dosage of 1.0 USP
unit/kg of body weight, whereas some laid eggs without
artificial stimulation (Adest et al., 1989b).

Three incubation designs were utilized: (1) a constant
temperature-controlled water-bath incubator (30°C), with
eggs in cardboard trays; (2) eggs partially buried in sand in
a wood box enclosure with ambient fluctuating temperatures
(22-37°C); and (3) eggs incubated outdoors in nests
naturally excavated in soil (protected only by the courtyard
walls of the institute). Incubation required from 95 to 115
days, depending on the date of deposition, type of incuba-
tion, thermal regimes, and other factors (Adest et al., 1989b;
G. Aguirre, pers. comm.).

Hatching Success. Hatching success, when completely
infertile clutches were excluded from the calculations, aver-
aged 65-77% (Adest et al., 1989b).

Raising Juvenile Tortoises. The enclosure, measuring 11
% 13 x 2.5 m high, was constructed of adobe and wood and
was covered with 13 mm chicken wire mesh (Adest et al.,
1989b). In its first year of operation, the enclosure was
stocked with freshly hatched neonates and with one-year-old
individuals previously maintained in terraria. Ten stalls,
each 1 x 3 m and facing west, were divided by wood parti-
tions and were backed by an equal and opposite set facing
east. Each stall was entirely separated from adjacent stalls
with 1 x 3 m wood partitions. Insulation cloth covered the
back third of the enclosure to provide shade. Each stall was
equipped with a pre-excavated burrow (approx. 30 cm long)
and a shallow water dish (approx. 20 cm in diameter x 5 cm
deep). Each pen held 1-2 tortoises. A single door with a
lock provided access to the entire unit.

Growth Rates of Juveniles. All nursery-raised tortoises
were provided with water and fed hand-cut and stored native
grasses and forbs when available (Hilaria mutica, Bouteloua
barbata, Eragrostis intermedia, Solanum elaeagnifolium,
Sphaeralcea angustifolia), or dried baled alfalfa when native
plants were unavailable between November and June (Adest
etal., 1989b). The selection of native grasses and forbs was
based on the known diet of adults.

Growth data are available for the first cohort (n = 23) of
neonates from 1983 (Adest et al., 1989b). Carapace length
(CL) and weight increased an average of 48.8% (SD +5.7)
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Species

Location

Type of program

Reference

Sub-Saharan Africa

Geochelone sulcata

Indian Ocean—Madagascar

Geochelone yniphora

Geochelone radiala®

Acinixys (Pyxis) planicauda

Indian Ocean—Aldabra Island

Aldabrachelyvs elephantina
(fomerly Geochelone gigantea)

Nazinga Ranch, Burkina Faso,
Sudan

Ampijoroa Fortestry Station,
Madagascar

Ivolohina; Parc Tsimbazzaza;
Réunion Island

Ampijoroa breeding facility,
Madagascar

Curieuse Island, Seychelles

Small-scale captive breeding program to evaluate po-
tential for meat production; potential pilot project for
reintroduction of tortoises to Sudan using stock from
Al-Ain Zoo, Abu Dhabi.

In 1985, the JIUCN/SSC Tortoise Specialist Group in
collaboration with the WWEF-International Jersey
Wildlife Preservation Trust initiated a recovery pro-
gram for relocating and breeding tortoises.

Groups of tortoises at three sites; several groups in-
troduced on Réunion, where breeding occurs natu-
rally.

Identified need and proposal to expand breeding
facility at the Ampijoroa Forestry Station for site
captive rearing and protected breeding.

Operation Curieuse: 299 Aldabran giant tortoises in-
troduced to Curieuse Island to establish a second
(reserve) population. Purposes: tourist attraction to
deflect tourism from Aldabra, monitor growth and
demography, re-establish tortoises recently lost to
central Seychelles, use new population to supply
zo0s overseas, and meet local demand for domestic
tortoises.

TUCN/SSC, 1989

Curl et al., 1985; Durrell
etal., 1989¢; IUCN/SSC,
1989

Durrell et al., 1989b

Durrell et al., 1989a;
IUCN/SSC, 1989

Stoddart et al., 1982;
Swingland, 1989;
IUCN/SSC, 1989

“Does not include the successful colonies of the Wildlife Conservation Society’s breeding herd at St. Catherines Island, Georgia, USA (1981-). This program is outside the historic

geographic range.
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and an average of 184.7% (SD £37.9), respectively, in the
first year (n = 23). By the second year, 19 of the 23 first-
year tortoises remained. For the 19, CL increased an aver-
age of 19.8 mm (SD +4.5) or 29.5% (SD +5.5), and weight
increased an average of 77.0 g (SD +29.4) or 108.4% (SD
+19.8) during the second year. By the third year, growth
rates declined to an average of 0.2 mm (SD +0.4) CL, and
the average weight increment was only 1.8 g (SD +3.7) for
the eight tortoises for which data were available. Third-year
values are effectively zero when SD and sampling error are
considered.

Status of Health. Some juveniles in the enclosure
showed signs of illness. Third-year juveniles failed to grow,
and the majority of second-year and third-year tortoises
developed pyramiding carapaces and knobby plastrons
(Adest et al., 1989b). Knobby carapaces have been de-
scribed in cases of severe nutritional osteodystrophy due to
a calcium-deficient diet (Jackson and Cooper, 1981). Such
conditions compromise shell hardness and probably reduce
long-term viability. After nutrient deficiencies were sus-
pected in 1985, the natural diet was analyzed by fresh plant
parts rather than by species (Adest et al., 1989b). Human
caretakers had provided the young tortoises with forage from
dried bundles of whole native grasses and locally grown al-
falfa. Analyses of these and similar dried whole mature
grasses yielded only 3.5-8% protein whereas immature fresh
green shoots, preferred by juvenile tortoises, averaged ap-
proximately 16% protein (Adest et al., 1989b). Studies of
another chelonian, Trachemys scripta, have indicated that
higher protein (>16%) diets are critical to sustain normal
growth in juveniles (Parmenter and Avery, 1990). After
1985 the protein and mineral content of the young tortoises’
diet was enriched by feeding fresh-cut alfalfa, and in sub-
sequent cohorts and year classes shell abnormalities were
reduced and new growth was sustained.

Survivorship and Causes of Death. In 1985, 86 living
neonate and juvenile tortoises remained from the three co-
hort years of 1983, 1984, and 1985. The combined survivor-
ship for all three cohort years is 76% (Adest et al., 1989b).
Survivorship was 60% for the 1983 cohort year, 55% for the
1984 cohort year, and 86% for the 1985 cohort year.

Tortoise deaths (n = 21) were attributed to six causes: 7
(33%) from decalcification and desiccation, (probably from
malnutrition); 6 (28.6%) from either drowning in water
dishes or prolonged insolation after being overturned while
attempting to climb the wood dividers separating the stalls;
1 (4.8%) from exposure to cold; and 7 (33%) from undeter-
mined causes.

Survivorship after Release. In 1986 ten neonate tor-
toises, hatched from the passive solar incubator and held
< 18 days, were released in August and September to the

wild (Tom, 1994). Only four of the ten were still alive 11
months after release.

D.J. MORAFKA ET AL.

The Fort Irwin Study Site (FISS)
Purpose of the Project and Enclosure. In 1990 a field

When first

g was insta
enclosure was constructed at the National Training Center Flre. After at

(NTC), Fort Irwin, California, for a population of the threat- |
ened Mojave Desert tortoise (USFWS, 1994; Joyner-
Griffith, 1991). This study population was robust both in |
absolute numbers and in age class representation. The ob-
Jectives for the enclosure were twofold: to gather baseline
data on life history attributes of juveniles and to determine
survivorship of released juveniles. Restocking the general
area was not an objective. The new enclosure was 60 times
larger than the enclosure for the Bolson tortoise, it was re- |
mote from human populations, and it was serviced only -
twice a month. The enclosure was assumed to have a carry- §
ing capacity sufficient to sustain the confined and protected
Juveniles with minimal human intervention. (
Location and Description of the Study Site. The Fort
Irwin Study Site (FISS) is on the SE corner of the Us. §
Army’s NTC at Ft. Irwin, approximately 15 km NW of
Afton Canyon, San Bernardino County, California (35°06' |
49" N, 116°29"27" W, 650 m elev.). Two enclosures, FISS
I'and FISS II, are situated on 2% slope of NE-facing sandy .
hillsides, which are cut by dry washes draining east to West
Cronese Dry Lake. The soil surface is stabilized by a well- |
developed desert crust. Vegetation is Mojave Desert creo- ;
sote bush scrub (Vasek and Barbour, 1988), specifically big -
galleta shrub steppe (USFWS, 1994) dominated by creosote
bush and white bursage (Ambrosia dumosa), with other
common shrubs including Lycium pallidum and Ephedra |
nevadensis. The native bunch grass galleta, Pleuraphis
rigida, is common despite the intrusion of Mediterranea
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annual grasses such as Bromus madritensis ssp. rubens and
Schismus barbatus. The study site, which has not been used

for military training or comparable activities, is protected §
within the confines of the NTC and remains one of the most §

pristine landscapes in the region.

The Local Tortoise Population. The study populationis - 3
part of the Superior-Cronese Desert Wildlife Management |

Area (USFWS, 1994), with densities of local tortoise popu- '

adults/km?),

structed in a manner that would conserve the natural vege- |
tation and limit disruption of the natural crust of desert soil j

The 60 x 60 m area is enclosed by chicken wire fencing and §

roofing, supported by 2.6 m poles anchored in concrete, The -

perimeter of the enclosure is bounded by 1 cm mesh hard: | L position
ware cloth buried 0.76 m deep and continued 0.6 m aboye
ground to exclude small vertebrate predators. The unitis ¥

divided into northern and southern sections by a 2 m high
chicken wire fence. The frames of the two locking entrance -
doors have 10 cm raised sills to confine juvenile tortoises
should the doors be left ajar. :
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4 non raven, Corvus corax) in May 1991, roofing was in-

falled over the southern half by July 1991. Midway along
e southern fence a bamboo blind (approx. 3 m wide x 2 m
bll x 2 m deep) permits young tortoises to be observed
without disturbance from human movements or shadows.

A solar-powered Campbell Scientific Instrument weather

A4 station, located at the southwest corner of the site, records

ar and soil temperatures, wind velocity, and precipitation

A
N

every 15 minutes and downloads the data to a remote com-

i puter at designated intervals by cellular phone.

b

Neonates were free to roam the 60 x 30 m subdivision

inwhich they were hatched. Most (83%) constructed their
4 own burrows within a few days of hatching, whereas others
§ used abandoned rodent burrows or shared artificial burrows

that had been constructed for adults (0.25 m wide x 1 m
long beneath 0.5 m of soil) (M. Joyner, pers. comm.). Re-

4 searchers and occasional visitors walked through the en-
4 closure to collect data on tortoises, and created a network of

small trails and trampled soils.

Source and Handling of Eggs. Each May from 1990
through 1993, 8-10 adult females were collected from the
surrounding 5 km?, and their field sites were recorded. Gra-
vid females were identified by radiograph and placed in the
enclosure to nest virtually undisturbed. Non-gravid females

. were immediately returned to their original field sites.
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After depositing their eggs, most of the remaining females
were also returned to their original field sites. Typically,
two females were retained in the enclosure to generate fresh
feces for ingestion by fall neonates (Dezfulian et al., 1994).
To avoid mechanical disturbances that might compromise
hatching success, nests were not examined.

Hatching Success. Neonate tortoises emerged 85-110
days after egg deposition. The incubation period was esti-
mated by starting with the week in which eggs were first

4 absent from radiographs of previously gravid females. Ra-

diography was conducted at the field site to minimize dis-
turbance to nesting females. Females were moved no more

~ than 50 m during the 15-minute examination procedure,

which occurred no more often than once per week. The rate

- of hatching (based on radiographs of gravid females and fall

1990 capture records of neonates) was estimated at 90—
94%, which is substantially higher than the 46% reported
by Turner et al. (1986) for eggs relocated from natural de-
position sites to predator-proof nests.

Sex Ratios. Twenty-nine tortoises hatched at FISS,

~ ranging in age from three to five years, were sexed in 1995.

Twenty-four males, five possible males, and ten females
suggested a three-to-one sex ratio (Lance, 1995). This sig-

 nificantly skewed finding (P < 0.05) contrasted with the 1:1

ratio reported as typical for natural populations (Dodd,
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1986). Populations with sex ratios highly skewed toward
males have been considered to be in poor condition (Berry,
1976).

Growth Rates of Neonates and Juveniles. The length
and weight increased an average of 8.7% (SD +3.9) and
21.7% (SD +16.5), respectively, for all age classes (first- to
third-year tortoises) pooled during the 1993 growing sea-
son, a year which had above-average rainfall. However, in
1994 when annual precipitation was 70% below average, no
increase in CL occurred, and weight decreased by an
average of 25% (SD +6.5). With above-average rainfall in
spring 1995, weights of juveniles increased an average of
70% compared with the lowest values recorded in 1994,

Neonates and Juveniles Released from the Enclosure. In
March of 1991, 12 neonates were fitted with radio trans-
mitters and released from the enclosure to the surrounding
area. Juvenile tortoises have been monitored since 1991 on
a quarterly (seasonal) or triennial basis for external signs of
disease, evidence of fecal parasites, and blood chemistries
and peripheral blood cell counts obtained by axillary sam-
ples or cardiocentesis. Some individuals showed elevated
values for blood urea nitrogen (BUN) and uric acid levels
during the driest sampling periods. These elevated values
are indicative of episodic dehydration (R. Yates, pers.
comm.; Christopher et al., this volume). While abnormal
blood cell counts were rarely observed, clinically normal
animals occasionally displayed mild leukocytosis or mildly
depressed packed-cell volumes (Morafka, 1993). No ab-
normal loads of parasites or bacteria were reported, though
the potentially mutualistic fermenting anaerobe, Clostri-
dium bifermentans, was isolated (Dezfulian et al., 1994).

Survivorship and Causes of Death. Sixty-eight percent

(n = 162) of neonates and juveniles have survived 1-5

years. In May of the first year (1991) 18 of 24 juveniles oc-

cupying the unroofed southern enclosure were lost to avian

predators, probably the common raven (Morafka, 1993).

This first year survivorship does not differ significantly (P
> 0.05) from that reported by Tom (1994). Eight of 12 free-
ranging, control group juveniles, fitted with radio trans-
mitters, were similarly preyed upon at this time. If these
avian predation numbers are excluded, overall survivorship
rises to 76%. In comparison, Turner et al. (1987) reported
a similar but higher annual survivorship of 76.7% for juve-
niles <60 mm CL, 79.5% for juveniles 60—79 mm CL., and
80.4% for juveniles 80-99 mm CL (figures are for geo-
metric annual means) in a wild population in the eastern
Mojave Desert for periods spanning nine years. These high
survivorship values suggest that interventions may not pro-
vide significant advantages except in unusual situations,
e.g., when local ravens or other predators are increasing the
rates of predation or where interventions significantly re-
duce nest predation by foxes.
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Annual survivorship from fall 1993 to spring 1994 for
all age classes (first through third years) pooled was 86%.
In spring 1994 survivorship was greatest for the 1990 (age
3.5 years) and 1991 (age 2.5 years) cohorts at 88%. This
three-year survivorship was significantly greater (P < 0.05)
than 60% reported for the equivalent Mapimf cohort of en-
closed tortoises. It decreased to 80% for the 1992 cohort
and was only 50% for the 1993 cohort. In the 1994 drought
growth rates and weights of juveniles declined. Five (4.5%)
juveniles had died of starvation and dehydration by
December 1994.

Population Density within the Enclosure. Juvenile tor-
toise densities increased annuatly with each newly hatched
cohort. Densities inside the enclosure were the equivalent
of 152/ha in 1990 and 344/ha in 1993 (Table 2). The nu-
merical densities for juveniles within the enclosure are
300x to 900x the densities of wild juvenile and immature
tortoises estimated by Berry (1990) using mark-recapture
data for four nearby study sites in the western Mojave Des-

TABLE 2
Population density and survivorship of neonate and juvenile desert tortoises hatched and maintained in a semi-wil

enclosure at the Fort Irwin National Training Center, San
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ert (Table 3). Berry’s density figures apply to a wider range
of sizes and include immature tortoises up to 139 mm CL |
with estimated ages of 8-12 years. If Berry’s density fig-
ures are adjusted for the younger and smaller tortoises
found at FISS, the density of juveniles in the enclosure sur-
passes field estimates by factors of 50x to 100x. :
Some behaviors exhibited by both juveniles and adults -
within the enclosure were aberrant, a possible indication of
overcrowding. Thirty-five percent of FISS tortoises shared
burrows with two or more tortoises, a pattern not observed
in the wild for 1,403 juvenile and immature tortoises at 1§
study sites in California (Berry and Turner, 1984, 1986).
Juveniles that shared burrows frequently were observed to
cluster in the entrances, preventing those inside from
emerging and those outside from retreating into the burrow.

Thus, the individuals outside the burrow were exposed to

excessive temperatures. On one occasion, a small juvenile
was observed to follow its larger burrow-mate through the
shrub canopy to the burrow.

Bernardino, California.

Estimated numbers of tortoises

Cohort by year 1990 1991 1992 1993 1994
1990 Cohort 55 31 23-26 26-28 22-25
1991 Cohort = 88 73-76 74-79 67-73
1992 Cohort —_— — 13 10-11 8-9
1993 Cohort —_ —_ — 6 3
Totals 55 119 115 124 110
Density/ha 152 329 319 344 305

TABLE 3

(<140 mm carapace length at the midline) desert tortoises at four sites
ge includes tortoises from emerging neonates to individuals

Population densities of juvenile and small immature
in the western Mojave Desert of California. This size ran
estimated at 8-12 years of age. Data from Berry, 1990.

No. juvenile and small immature tortoises/ha
Site name Year (95% Confidence Interval)
Fremont Valley 1981 0.43 (0.36-0.53)
Desert Tortoise
Natural Area interior 1979 0.75 (0.58-0.98)
Desert Tortoise Natural Area
interpretive center (inside fence) 1979 0.44 (0.37-0.51)
Kramer Hills 1982 0.69 (0.54-0.87)




Adults placed in the enclosure to lay eggs and produce
scats were observed to usurp juvenile burrows and enlarge
~ them into pallets or adult burrows. Adults also visibly re-
duced the limited supply of desert annual plants available
as forage.

Survivorship after Release to the Wild. Nine 3-year and
d-year juveniles were fitted with radio transmitters and re-
 leased outside the enclosure in May 1994. Nine months
later 66.7% were still alive.

~ Status of Health. The local tortoise population is robust,
b and intermediate age-size cohorts are well represented. In
i 1994, 20+ tortoises of various ages within and outside the
enclosure were screened for antibodies to Mycoplasma
 agassizii, the pathogen responsible for infectious upper res-
piratory tract disease (URTD), using an ELISA test (Schu-
- macher et al., 1993: E, Jacobson, pers. comm.). Four
= (1.7%) of 52 tortoises sampled between 1993 and 1995
were seropositive, and an additional six (11.5%) were sus-
pect for M. agassizii (Jacobson et al., 1996). Of the four
 seropositive tortoises, three were adult females and one was
ajuvenile in the FISS enclosure.

. Comparison and Evaluation of the Two Gopherus
& Hatcheries, Nurseries, and Release Programs

. Both active and passive management approaches have
. advantages and liabilities and must be viewed as hypothesis-
| ftesting experiments. Neither management approach pro-
- vides guaranteed recipes for hatching, rearing, and restock-
ing young tortoises to the wild. Ecological and socio-
economic contexts may determine which experimental ap-
- proach is more appropriate. If it is cost-effective to utilize
- local resident caretakers and if the enclosure is small rela-
. tiveto the density of tortoises it is expected to maintain, an
actively maintained enclosure may be justified. Active ma-
nipulation would also be favored at sites where weather
conditions are too varied and production of forage is too un-
certain for successful passive operation. An actively main-
tained (and closely monitored) enclosure may also be just-
ified when poaching and/or vandalism would otherwise dis-
able the effort. Conversely, a passive approach is justified
if weather patterns, forage production, physical space, and
soil provide consistently sufficient resources to support a
high density of juvenile cohorts. At remote sites where hu-
mans are not resident and the risk of human interference
low, the need for costly on-site caretakers is diminished,
and a passive operation may be more appropriate.

Criteria for Defining and Developing

Successful Tortoise Enclosures

Mrosovsky (1983, p. 25) stated the best criteria for judg-
ing success of headstarting in sea turtle programs:
“Perhaps the best—the ultimate—validation would be,
any years, a greater percentage of headstarted turtles
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among the breeding females than might be expected on the
basis of the percentage of eggs taken for headstarting (Buit-
rago, 1981; Pritchard, 1981). For this it would be necessary
to know not only how many eggs were taken for headstart-
ing but also the percentage of the total laid that this take
compromised.”

His definition applies equally well to assessments of si-
milar conservation efforts for tortoises. Determination of
success could require 20 years of intensive monitoring, not
only of specific cohorts but of the entire population. A very
important milestone would be a demonstration of success-
ful reproduction of a majority of the headstarted animals.

The Role of Enclosures in the Future

Tortoises may be better candidates for hatcheries and
nurseries than many species of aquatic turtles because of
their life history characteristics. Manipulation of tortoise
eggs is often unnecessary, imprinting on ancestral nesting
beaches is not an issue, conditioning to appropriate diets
may be less critical for generally opportunistic herbivores
(and for some omnivorous taxa such as Kinixys, Obst et al.,
1988), and acquired skills at predator avoidance may be less
critical for fossorial species that spend >95% of their lives
in burrows. Furthermore, some tortoises live in terrestrial
habitats that can be more easily managed, e.g., controlled
burning to stimulate disclimax grassland in Florida forests
for Gopherus polyphemus populations (Auffenberg, 1969;
Diemer, 1986). We offer four applications of enclosures for
tortoises in wild or semi-wild settings:

1. Augment recovery of “Threatened” and “Endan-
gered” populations by adding annual cohorts of juve-
niles. Traditionally, biologists have assigned low values to
neonates and juveniles because of their high assumed mor-
tality rates (e.g., Auffenberg and Iverson, 1979). Despite the
many difficulties inherent in hatchery and nursery opera-
tions, protected eggs and juveniles have the potential to ac-
celerate recovery of threatened and endangered populations,
especially if large cohorts can survive the early vulnerable
years. From this perspective neonates and juveniles are the
most important age classes for achieving rapid recovery.
The 25-year program of successful hatching, nursery, rear-
ing, and releases of Galdpagos tortoises is a prime example
of the benefits of such techniques (MacFarland et al., 1974;
Cayot et al., 1994; Cayot and Morillo, this volume).

In some cases, while habitats have remained intact, tor-
toise populations have declined because of commercial
uses, collection for pets or food, vandalism, disease, or sub-
sidized native predators (Boarman, 1993). In the last case,
native predators’ numbers have increased to densities that
exert abnormally high predation pressures on the tortoises.
Predator populations often proliferate because their food
sources are subsidized by urban and agricultural wastes and
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landfills. If specific threats can be eliminated, artificially
enhanced hatching success and Jjuvenile survivorship may
prove to be an effective technology.

For species such as Gopherus polyphemus, evidence ex-
ists that recruitment in wild tortoise populations may be a
highly stochastic process: A decade of reproductive effort
may yield only one good year in which predation pressures
on eggs and young are sufficiently abated, or production of
forage elevated, to usher through a particular cohort of neo-
nates (Landers et al., 1982). Accordingly, chelonian conser-
vationists could employ in sifu predator-proof enclosures to
artificially suppress predation to create the equivalent of one
or more good years to enhance or accelerate recruitment,

2. Collect data on life history attributes of difficult-
to-find neonates and juveniles. Young tortoises in the wild
are so elusive that if they were treated as a species separate
from adults, they would be among the rarest and the least
understood terrestrial vertebrates. Even for one of the most
thoroughly studied species, Gopherus polyphemus, a review
of the past 200 years of scientific literature revealed only
five citations that addressed Juvenile tortoise biology (Doug-
lass, 1978). Similar but less extreme circumstances were
noted by Berry and Turner (1984, 1986) and Morafka (1994)
for the well-studied desert tortoise, G. agassizii, and by
Adest et al. (1989a) for the Bolson tortoise, G. favomargin-
arus.

Juvenile desert tortoises are relatively inaccessible in the
field for a variety of reasons. The small and inconspicuous
animals are often obscured from view by surrounding vege-
tation, they are sequestered in their burrows up to 98% of the
time, and they are active very early in the spring and early in
the day (Berry and Turner, 1986; Morafka, pers. obs.). In
addition, neonates may disperse rapidly from scattered nest
sites, or they may be rapidly depleted by intense predation.
Juveniles of many taxa function ecologically as if they were
different species from the adults (Polis, 1984). Predator-
proof field sites provide opportunities to observe concen-
trations of juvenile tortoises for sustained periods in a
largely natural setting. The resulting insights into the utili-
zation of food, shelter, and water by juveniles are valuable
scientifically and contribute to more effective management
of critical habitats as well as to the improvement of tech-
niques in population recruitment (Morafka, 1994).

3. Study life history attributes of poorly known spe-
cies that do not thrive or survive in captivity. Some
species of tortoises—e.g., Homopus boulengeri (Boycott,
1989; Baard, 1994), H. femoralis (Branch, 1989a; Baard,
1994), Psammobates oculifer (Boycott and Branch, 1989),
P. tentorius (Branch, 1989b), and Pyxis arachnoides (Dur-
rell et al., 1989a)—do not thrive in captivity. Durrell et al.
(1989) noted that there were only five P. arachnoides in
captivity in 1989, and none had reproduced. The reasons for
failure in captivity of these species are unknown. Potential
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turnal temperatures of 10-15°C (Obst et al., 1988). Similar
regimes have been recommended for the central Asian
geckos of the genus Teratoscincus and many other arid-
adapted and upland reptiles.

4. Provide domesticated stock to address human 3
needs: food and pet trade. Occasionally, reptile hatcheries
and nurseries are promoted as a means of satisfying local -
human dietary (and commercial) needs. In addition to the
farming of crocodilians, captive-breeding projects for the ,‘
green turtle, Chelonia mydas (Wood, 1982), and the African :
spurred tortoise, Geochelone sulcata (IUCN/SSC, 1989), i
have been developed to help serve human food needs. How:
ever, for tortoises, typically slow-growing compared to hom-
eothermic livestock, these strategies generally prove imprac-
tical as they provide a very small and delayed (10-20 years)
yield of tortoises (Congdon et al., 1993) in return for a sub- 4
stantial economic investment, No circumstances have been ‘
reported in which the production of enclosure- or captive- |
bred tortoises has significantly reduced the exploitation of
wild tortoises for food. |

Whether tortoise hatcheries and nurseries could hel p alle: ‘
viate the demand for wild juvenile tortoises in the pet trade
is a more problematic and controversial issue. Breeding and
distribution of tortoises for the pet trade could stimulate
demand beyond the capacity of the breeding facilities and
thus fuel rather than suppress trade in poached animals.’
Furthermore, identification of contraband animals is made
more difficult for law enforcement, placing a greater burden |
on inspectors to establish illegal origins. However, leopard
geckos (Eublepharis macularus), veiled chameleons (Cha-
meleo calyptratus), and a few species of boids and colubrids
are now bred in such numbers that most of the profit in-
centive has been removed from smuggling wild-caught con.
specifics to American and European markets. In southem
California, captive breeding programs have probably alle- -
viated the pressures of collecting on the wild rosy boa, Li- -
chanura trivergata. The captive breeding of leopard tor
toises, Geochelone pardalis, in the United States may bea
nore germane example (e.g., Street, 1996). Similar breed:
ing programs (in either terraria or field enclosures) estab- :
lished in the exotic pet’s country of origin would provide

jobs for local communities. The sale of 2 small percentage -
of the enclosure-produced neonates could avoid the dimin-
ished and delayed financial reward of raising them to aduli-
hood. Such tortoise farms have been advocated to supply -
the pet trade (e.g., Testudo h. hermanni, Kirsche, 1984), Ger
Sales of 1-10% of the annual harvest could be considered, breedir
especially when alternative funding is not available. How- £ should
ever, no recommendation is made here, given the case- & for gen
specific nature of the risks and benefits in such undertakings, diversit
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Recommendations for Future Field Enclosures

'L Develop a plan. Each project should have a well-
developed and peer-reviewed plan of action, i.e., established
objectives, defined phases, and periods of formal evaluations.
- Where appropriate, the advice of experts should be sought in
the fields of captive breeding, chelonian biology, veterinary
medical research and husbandry, and repatriation and rein-
troduction. The project should be reviewed by appropriate
government agencies and community representatives.
- 2. Utilize the natural setting. The enclosure should
include topographical features (with undisturbed substrates)
common to the species’ natural habitat, appropriate soils for

rican shelter and egg deposition, native vegetation, small native
189), animal species other than tortoise predators, and a sufficient
Tow- thermal mosaic to allow thermoregulation. Stream channels,
10m- washes, and other sites susceptible to temporary flooding
prac- should be avoided. Temperature (including sun and shade
ears) femperatures at various depths of soil) and precipitation in
sub- each enclosure should be monitored frequently to provide
been data on burrow requirements, activity levels, and thermal
tive- preferences. A fully automated, solar-powered weather sta-
m of tion can regularly transmit data to computerized logs.

3. Evaluate carrying capacity. One of the more diffi-
alle- cult attributes to determine is the carrying capacity of the
Tade natural environment or of the enclosure. Data on densities
jand of natural tortoise populations are so limited that scientists
nlate are often required to use estimates. Efforts should be made
+ and to gather data on densities of wild populations by size class
nals. so that appropriate stocking levels for enclosures and for fu-
nade ture release programs can be determined. Behaviors of in-
rden dividual tortoises and their intraspecific interactions in the
pard wild should be observed to determine normal patterns, espe-
Cha- cially territorial tolerances. Such behaviors can then be com-
orids pared with similar behaviors observed within the enclosures.
tin- In the absence of such data, caretakers of the enclosure-
con- maintained animals may miss critical cues of overcrowding.
hern 4. Select genetic stock and maintain genetic diversity.
alle- The breeding stock should be carefully selected to maximize
1, Li- ‘heterozygosity and allelic diversity. Because single males

tor- orafew dominant males are often responsible for fertilizing
be a .most females within a cluster of tortoises (Adest et al.,
-eed- J84), the risk of inbreeding depression may be higher than
stab- otal numbers indicate. Even wild North American tortoises
wide e relatively low levels of protein (allozyme) differentia-
age: on both within and between species (Morafka et al., 1994),
min reeding programs should preserve those regional genetic
dul : liferences that correlate with adaptive phenotypic differ-
1ipply. ces (MacFarland et al., 1974; Cayot et al., 1994).
984). Genetic diversity may be enhanced by replacing the
ered, reeding stock annually. Small sets of breeding females
Tow- lould not be reused as egg sources because of the potential
case- r genetic bottlenecks and inbreeding depression. Genetic
ings. iversity is especially critical for large, highly fecund spe-
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cies such as Geochelone pardalis, G. sulcata, G. nigra, and
Aldabrachelys elephantina (formerly Geochelone gigantea)
where a few females could be responsible for large numbers
of eggs and their surviving neonates. If the breeding pro-
tocol requires an annual turnover of new females as egg
sources, this risk is reduced.

It females are locally available, they should be obtained
from the wild population adjacent to the enclosure. The lo-
cations of their captures should be recorded so that they can
be later returned to their home sites. The females should be
radiographed, and the gravid females released into the
enclosure to deposit eggs. Additional radiographs will con-
firm whether the eggs have been deposited. Should artifi-
cial nest sites and burrows be required, their construction
should be undertaken in advance. Females should be re-
turned to their home sites outside the enclosure as soon as
possible to avoid overgrazing within the enclosure. If adult
scats are to be introduced into the enclosure to benefit po-
tentially coprophagous juveniles, the scats should be taken
from clinically healthy animals.

5. Maintain healthy breeding stock, neonates, and ju-
veniles. Health profiles such as blood counts, blood chem-
istry, and tests for diseases known or suspected to occur in
the region should be completed on the proposed breeding
stock prior to initiation of the project (Christopher et al., this
volume). Once the project is initiated, all animals should be
screened annually until released.

Diseases are a growing concern not only in captive but
also in wild populations (Jacobson, 1993, 1994). One of the
newest and potentially most serious diseases discovered in
at least two species of North American tortoises is URTD,
caused by the bacterium Mycoplasma agassizii (Brown et
al., 1994a). The disease is infectious and appears to have
been introduced to wild populations through release of cap-
tive tortoises (Jacobson, 1993). Tt is spreading rapidly in
wild populations of desert tortoises (Brown et al., 1994b)
and is a local problem with the gopher tortoise. In the case
of the desert tortoise, some wild populations have suffered
catastrophic declines (Berry, this volume). In captivity ju-
venile tortoises with URTD have been unable to thrive des-
pite careful feeding and nurturing (Oftedal et al., 1995).
Adults that survive exposure and illness may have compro-
mised reproductive systems (Lance et al., 1995). All tor-
toises in hatchery, nursery, and rearing programs should be
carefully screened for mycoplasmas (using an ELISA test,
Schumacher et al., 1993) as well as other diseases. Protocols
should be developed to determine when ill or potentially ill
individuals should be removed from experimental programs.

6. Monitor nesting and hatching. Females should be
permitted to select nest sites and nest without interference.
Frequent (weekly) X-rays (or at least palpation) of adult fe-
males should be combined with nest monitoring to deter-
mine whether hatching rates are comparable to free-ranging
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controls. In general, hatching success should be >80% if
nests are undisturbed. Stancyk (1982) reported that hatch-
ing successes in hatcheries were lower (65%, range = 55—
85%) than hatching successes in natural nests (approx.

80%, range = 50-95%) for several species of sea turtles.

Incubation temperatures play a critical role in chelonian
hatcheries because sea turtles (Yntema and Mrosovsky,
1980), most freshwater turtle species (Ewert and Nelson,
1991; Pieau and Dorizzi, 1981), and tortoises are subject to
temperature dependent sex determination (TSD). Before
the role of TSD was known for sea turtles (Yntema, 1976),
artificial incubation often produced skewed sex ratios that
favored males (Mrosovsky and Yntema, 1980), because
eggs were frequently incubated at inadvertently lower tem-
peratures above ground in Styrofoam boxes. Our own en-
closure data, previously cited, indicated a similarly skewed
sex ratio for G. agassizii. The limited data for tortoises,
¢.g., Gopherus agassizii (Spotila et al., 1994) and Testudo
graeca (Pieau, 1971), suggest that different species have
different pivotal temperatures. While higher temperatures
favor females in virtually all emydids and testudinids tested,
research should be conducted to confirm that TSD affects
sex ratios for the species of interest and to determine the piv-
otal temperature, which in some cases may be population
specific (Spotila et al., 1994).

Another important research topic is the range of temper-
atures suitable for incubation. Incubation temperatures can
affect hatching success and later growth of juveniles (Spo-
tilaetal,, 1994). The fixed-value pivotal temperatures de-
termined by laboratory experiments do not precisely paral-
lel the variable temperatures recorded in nests. While we
may expect that a range of suitable temperatures would be
present within field enclosures, the enclosed habitat may
offer only a small portion of the microenvironments avail-
able to free-ranging gravid females. Thus, data should be
gathered on daily and seasonal temperature cycles, espe-
cially during the time of the sensitive second trimester of
incubation (Yntema, 1979; Bull and Vogt, 1981).

7. Provide conditions for development of normal be-
haviors. Juvenile tortoises should have sufficient space to
develop burrows, pallets, and home ranges without abnor-
mal interference from siblings or older or younger tortoises.
Naturally occurring vegetation should be sufficient to allow
development of normal foraging patterns. Vegetation is
also critical for providing an adequately diverse thermal
mosaic for thermoregulation. Inadequate cover could ex-
pose tortoises to lethal temperatures (e.g., Gopherus agas-
sizii and G. berlandieri in McGinnis and Voigt, 1971; Rose
etal., 1988).

Space should be sufficient to promote normal daily acti-
vity and adequate exercise for skeletomuscular develop-
ment. When tortoises are released from the enclosure, they
must be able to navigate, disperse, forage, find or construct
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shelters, and ultimately locate mates with a capacity co
parable to wild-hatched, free-ranging controls.

8. Provide natural diets essential for normal growth
health, and survivorship. Food items must supply an ade- §
quate and balanced diet in terms of vitamins, minerals, an
especially protein (e.g., 15-17% of total by weight, Adestet--';
al., 1989b). The carrying capacity of the enclosure must be 7
sufficient (i.e., sufficient quantities and distribution of food) ;!
to support all the tortoises. In less ideal circumstances, sup-
plemental food, water, and shelter must be provided. Site.

selection should never be based solely on plant growth and - 10.
weather data from one season or calendar year. Subsequent effecti
years may produce drastic changes in carrying capacity. enclos:
General characterizations of ecosystem carrying capa involw
city are likely to be of limited use when tortoises are con for car
fined to specific locales. Some tortoise species (e.g., Go- & arole’
pherus agassizii and G. berlandieri) are characterized availal
nomadic (Auffenberg, 1969). Some tortoises may qualify i . mainte
as fugitive species (Grimaldi and Jaenicke, 1984), which B juveni
may simply use ephemeral disclimax or subclimax habitats, | : efficie
and they may shift from site to site to exploit resources [ Propos
Frail desert grasslands are classic examples as are open hab: perfori
itats created by fire subclimax (Auffenberg, 1969). Whe - of eacl
normal nomadic movements are curtailed, carrying capacity size fc
is likely to be compromised. vives (
Much remains to be learned about the dietary require 11.
ments of tortoises in the wild and in captivity (Jackson an tortois
Cooper, 1981; Frye, 1991). Numerous crippling and de tortois
forming diseases caused by nutritional imbalances and defi sures.
ciencies have been identified and are likely to occur in tor as val
toises that are raised in hatcheries, nurseries, and other rear- classe:
ing projects. Dietary content should be evaluated and anal- | would
yses undertaken. Careful records should be kept on enyi food 2
ronmental conditions, quality and quantity of food items may b
and amounts of water available. Such data can be used in‘ ficial
subsequent evaluations of growth, survivorship, and normal * tags) k
reproductive capacity. i rangin
A single adult may need to be present to generate fresh
feces bearing the fermenting anaerobic bacterium, Clos
tridium bifermentans, which appears to be instrumental in 4
cellulose digestion for some tortoises (Bjorndal, 1987), Tv
Conspecific coprophagy is common in tortoises and igua- | “lift-o
nas, 1. iguana (Troyer, 1982; Morafka, 1994), and feces viewe
may provide the critical inoculum for the requisite bacteria, passiv
The subject of coprophagy requires additional research to dep
Frye (1991) cautions against interspecific coprophagy, but® tory st
Dezfulian et al. (1994) think consumption of parental feces to rep
by neonates may facilitate the inoculation of their large in- popul.
testines with Clostridium, which is assumed to be mutusl-
istic. If scats of adults are made available to the Juveniles Perm
the providers of the scats should be clinically healthy. Th
9. Gather population data for a life table. The demo- Fort Ii
graphic attributes (length, mass, sex ratios, density, natality nent ¢
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and mortality rates of cohorts, causes of death) of the popu-
lation should be recorded and analyzed seasonally (prefer-
ably) or annually to assess well-being. Annual survivorship
records should be kept for each cohort. If survivorship
within the enclosure equals or falls below estimates for
free-ranging control animals, population and recruitment
objectives will not have been met. Data must also be kept
on the time required for juveniles to reach reproductive ma-
turity and on the fertility and overall reproductive health of
these animals as adults.

10. Conduct a financial analysis and determine cost-
effectiveness. Individuals or organizations proposing field
enclosure projects should determine how the operations will
involve or possibly benefit local human residents. Will jobs
for caretakers or monitors be created? Will ecotourism play
arole? Are the costs of installation reasonable in li ght of
available financial resources? Is the cost of monitoring and
maintenance acceptable? Is the cost for producing each
Juvenile (and eventually each reproductive adult female)
efficient when compared to alternative actions? For each
proposed and completed project, a cost analysis should be
performed. The cost should be estimated for the production
of each emergent neonate, for each Juvenile of appropriate
size for release, and especially for each juvenile that sur-
vives to reproductive maturity.

11. Collect comparable data on wild, free-ranging
tortoises. Data on the comparable attributes of free-ranging
tortoises are vital to the evaluation of progress within enclo-
sures. Locally-occurring, free-ranging tortoises may serve
as valuable controls to their counterparts of the same age
classes in the enclosure. Comparisons of the two groups
would illustrate differences in growth, health, selection of
food and shelter, and most dramatically, in behaviors that
may be induced by confinement, higher densities, and arti-
ficial protection. Radiotelemetry and emissive tags (pit
tags) have greatly increased the practicality of tracking free-
ranging tortoises.

Designs for Future Enclosures

Two types of enclosures—permanent pens and mobile,
“lift-off” pens—are proposed and varied treatments are re-
viewed below. The proposed enclosures employ primarily
passive management. Female tortoises are temporarily held
- lodeposit eggs, and neonates are raised to conduct life his-
lory studies, to restock diminishing wild populations, and/or
W repatriate individuals into habitats from which tortoise
~ populations have been extirpated.

Permanent Pens

The permanent pen, such as the design of FISS [ at NTC
Fort Irwin (Figure 1), offers the cost efficiency of a perma-
nent and reusable structure. Built of durable materials on
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a stable foundation, it may be less subject to weathering,
vandalism, and intrusions, especially by larger carnivores
with fossorial proclivities. The permanent structure also
lends itself to the installation of automated monitoring
systems (such as a solar-powered remote reporting weather
station), which are invaluable to the interpretation of life
history observations.

The permanent structure also permits the installation of
an irrigation system (e.g., sprinklers) for artificially increas-
ing annual precipitation and thereby the available biomass
of forage. Such an irrigation system was developed for a
small part of the Desert Tortoise Research Natural Area in
Kern County, California, for a relocation project encom-
passing approximately 1.25 km? (Science Applications
International Corporation, 1993: Mullen and Ross, this vol-
ume). Irrigation or sprinkling systems are particularly suit-
able for desert environments where drought is a common
occurrence and where sprinkling during appropriate seasons
can enhance the production of food plants used by tortoises.
With more forage, juveniles are likely to grow larger at ear-
lier ages (Medica et al., 1975) and have higher rates of sur-
vivorship. Also, more juveniles could be maintained in the
enclosures,

One previously described concern is the carrying capa-
city of small enclosures in arid environments. Carrying
capacity, often defined as the ability of land (o support
populations of organisms on a long-term basis, has been
determined for very few species and sites. Since carry ca-
pacities for juvenile tortoises are unknown for any given
study site, densities (expressed as “standing crop” esli-
mates) of juvenile age classes are the best available esti-
mates of natural concentrations of young tortoises. For
example, average densities of juvenile and young immature
desert tortoises (<140 mm CL, <12 yrs) ranged from 0.43
to 0.75 individuals/ha (0.36-0.98, 95% Confidence Inter-
val) at four long-term study sites in the western Mojave
Desert (Berry, 1990; Table 3). These sites were within 30
km of FISS. In contrast, densities of Jjuvenile tortoises at
the FISS enclosure ranged from 152 to 305/ha (Table 2).
>200x the densities recorded in similar habitats in the wild.
If the figures reported for wild settings (Table 3) are used (o
stock an enclosure, very few individual desert tortoises could
be placed in the enclosure without supplemental food and
water on a long-term basis.

[tis possible that the juveniles may become dependent
on receiving adequate food supplies regularly throughout
the year, and after release from the enclosure, when irri ga-
tion and regular forage are no longer available, they may be
subject to rates of mortality higher than that of non-head-
started juveniles.

Manipulated Release Program. Some species, such as
the desert tortoise, require 5—10 years of growth and shell cal-
cification before they are sufficiently resistant to predators.
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Figure 1. The Fort Irwin study site, Enclosure 1, in the central Mojave Desert of California. This enclosure was established to study neonatd -

and juvenile tortoise biology in Gopherus agassizii.

The permanent facility allows the juveniles to achieve the
appropriate size-age class—without frequent maintenance or
intensive management—before release from the enclosure.
AUFISS 1. when a cohort of juveniles had grown to a size
appropriate for release, field workers hand carried them to
preformed burrows at random sites 200-300 m from the
enclosure. Releases at random sites also avoid local concen-
trations of prey, which could otherwise concentrate predator
attacks or even establish a pattern of subsidized predation.
The juveniles were released in the morning to anticipate a
0900-1200 peak of activity.

"The principal disadvantage of this strategy is that the in-
creasing coneentrations of young tortoises within the enclo-
sure (resulting from holding several cohorts until they are of
sufficient size for release) are likely to exceed the carrying
capacity. In addition, fixed long-term sites are vulnerable to
local weather factors such as wind, flash flood, drought, and
fire. Some difficulties may be ameliorated by the construc-
tion of up to five subpens to separate each cohort for five
years (Morgan and Foreman, 1994). A single subpen is con-
structed for the first-year cohort, and in subsequent years ad-
ditional subpens are constructed (one/year) until the first-

year cohort reaches the age or size appropriate for release, |

Then the cycle begins again using the first subpen.
Unimpeded Dispersion Program. Another approach s
conceptually similar to the Manipulated Release Progran,
but juveniles are accorded opportunities for unimpeded, or
passive, dispersal from the permanent enclosure. This str-
tegy was implemented by one of us (EKS) in spring 19954

FISS 11, a new enclosure constructed in late fall 1994. A 3
cyclone-fenced enclosure was constructed south of FISS] |

for this purpose. FISS II has the same general dimensions
FISS I, but is not subdivided into two sections. One- to five-
year juvenile tortoises were transferred from FISS I to FISS
II and allowed to disperse and establish burrows in April
1995. A few weeks later, ten radio-equipped, 4—5-year tor

toises were allowed to establish burrows in the southernmog -
20% of FISS II. A barrier was constructed from 20 cm wide
flexible, galvanized metal flashing (rising approx. 15 cm
above ground, buried to a depth of 5 cm, and held erect by &

30 cm metal stakes at approx. 50 em intervals) to completely
isolate the tortoises in the southern one-fifth of the en-

closure. While tortoises north of the divider remained con-
fined by the enclosure walls, modifications of the perimet )
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fencing south of the divider would make it possible for in-
dividuals to escape the enclosure entirely. In May, openings
10em high x 30 cm wide, flush with the ground, were cut in
the fence. The openings converted FISS 1T into a true exclo-
sure, which now excludes large, non-avian predators but
allows juveniles to leave passively. The survivorship rates
of passively-released juveniles will be compared with sur-
vivorship rates of juveniles released from FISS L

A possible advantage of this “trickle-out” approach is
that a slow, episodic release of individuals may be less likely
toprovoke interest and attacks by avian and canid predators.
The approach also allows juveniles to time their movements
to microclimates that are more favorable to their physiolo-
gies and to select routes and shelters that provide more pro-
tection than those selected by human monitors. Conse-
quently, a more natural dispersion may result, and more nat-
ural behaviors may be observed for the released individuals.

The FISS II approach has two potential disadvantages
not inherent in other models. First, if predators identify a
pomt of dispersion for juveniles, they may lie in wait or re-
peatedly return to the site and destroy the stock of dispersing
fortoises. A second disadvantage is that tortoises may fail to

disperse from the enclosure to the unprotected environment
outside,

Mobile Pens

The mobile pen alternative is radically different from the
permanent pen: In this modality the enclosure is moved, but
not the tortoises within it. In concept, a dome or roofed
quadrilateral structure, much like an aviary (but one which
excludes birds rather than confines them), could be mounted
over a parcel of favorable habitat (good soils, shelters, and
forage). The unit should inscribe at least 400 m? (asina 20
20 m square) if it is to provide sufficient carrying capacity
for the neonates generated by even a few clutches of eggs.
Carrying capacity may be amplified by artificially enhancing
precipitation and thereby the food supply. At the Desert
Tortoise Research Natural Area, an irrigation system of
sprinklers was constructed in a 1.25 km?2 area. Mobile pens
could be placed throughout the area and frequently moved.

Mobile units may also require temporary peripheral foun-
dations of hardware cloth buried 0.3-0.5 m deep and
¢quipped with concrete-anchored posts for mounting the
protective fencing. A modular, overhead unit could be as-
sembled from small subunits, which would facilitate both
transport to the field and transfer from site to site. The study
site would be stocked with tortoises as described above.
Given the particularly small size of these units, prompt re-
moval of most females after oviposition would be essential.
The time for lifting or moving of the enclosure would be
contingent not only on needs of the protected species but
also the carrying capacity of the landscape. For example,

lortoises may be released during periods when predator pop-

ulations are low and precipitation and food supplies are high.
The modular unit could be relocated to a new site, perhaps
with less impacted forage, or to one where natural nesting
had already been observed. Tortoises at the previous site
would be free to disperse without human intervention, though
manipulated dispersion, as described above, could be em-
ployed.

This model has the advantages of both low cost and mo-
bility for transfer to other suitable sites. It also can support
the tortoises through drought years and may enhance carry-
ing capacity of the site. Such a small enclosure is unlikely
to permit normal growth of juveniles. However, as a tem-
porary structure remaining operational for three to six
months, this alternative may have fewer negative impacts on
the ecosystem and on the behavior of the tortoises that are
temporarily confined (especially if they are released within
a year of hatching). Temporary structures are more vulner-
able to penetration by predators or to destruction by the ele-
ments, and the small sizes may lead to overcrowding, de-
pletion of forage, and limited shelter sites.

SUMMARY

For the purposes of this review, we defined predator-
proof enclosures as fenced units housing reproducing tor-
toises and/or their eggs and neonates in natural settings
within or peripheral to their historic distributions. Such en-
deavors were designed to serve two separate functions.
First, they concentrated juvenile tortoises in natural but pro-
tected settings, making difficult-to-obtain data on life history
characteristics accessible. Secondly, enclosures were devel-
oped to increase survivorship of eggs, neonates, and juve-
niles for potential restocking of depleted but contiguous
natural populations or for translocation to other sites. Hatch-
eries, nurseries, and holding facilities also have been devel-
oped as tourist attractions and/or public education centers.
In developing nations, field-based hatcheries give local resi-
dents opportunities to participate in husbandry and release
programs that can support, rather than disrupt, local econ-
omies and societies. Endeavors addressing these objec-
tives have been operating in North America, the Galdpagos
Islands, Europe, Africa, Madagascar, and adjacent Indian
Ocean islands.

The contributions of enclosures to tortoise biology and
conservation, both now and in the future, are more problem-
atic. Certainly these facilities assemble and conserve statis-
tically significant numbers of juveniles in a semi-natural
setting. For short-term (single-season) observations. they
provide a unique opportunity to study the ecology and be-
havior of juvenile tortoises when alternatives are prohi-
bitively costly and time consuming. However, scientilic
accuracy may be compromised. Artificially maintained
high-population densities affect behavior, potentially alter
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socialization, skew sex ratios, and threaten degradation of
habitat both from foraging by the tortoises themselves and
from foot traffic of human observers working in the pens.
These units are most effective when used for the short term,
when densities are kept low, and if human intrusion is re-
duced to a minimum.

The same conditions apply to pens used to enhance re-
cruitment in conservation programs. In the short term, they
are an effective technology to reduce nest predation and en-
hance neonate survival. Juvenile survivorship at fenced sites
may be superior to that of equivalent cohorts ranging freely
in adjacent field sites. However, we do not know whether
these protected sites support growth and behavioral devel-
opment that result in healthy reproductive adults. Modular
enclosures may be relocated to reduce high density impacts
on habitat, and permanent units that are equipped with sup-
plemental precipitation systems may improve their carrying
capacities and long-term effectiveness. Only when long-
term (generational) studies compare tandem cohorts of juve-
niles raised in pens to their wild counterparts—in terms of
survivorship, growth, health, and reproduction—will the
success of these enclosures be determined. Our current as-
sessment is that these enclosures are especially useful in fill-
ing gaps in tortoise life histories. However, still another
decade may pass before we are able to critically judge these
experimental projects as conservation tools.
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