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The ge nus Homop us (loca lly known as padl opers in 
Afrika ans) consists of five spec ies, distributed throughout 
South Africa and the so uthern part of Namibia. Within this 
area , Homopus sig11atus is found in Little Namaqual and and 
the We stern Cape (So uth Afr ica). ro ughly stretching fro m 
the Oran ge River in the north to Piketberg in the south and 
from the Atlantic coast in the west to Calvinia in the eas t 
(Baard , 1994 ). The north ern part of the area of distribution 
is inhabit ed by H. s. sig11a111.1· (south to near the Olifant 
River ). whereas H. s. cafe r is found in the southern part. 
r ntergrad es be t ween the subspec ies have been enco untered 
(Boyco tt and Bourquin , 1988; Morgan. 1993). Throughout 
its entire range. H. signatus is stro ng ly associated with the 
presence of rock y outcrops (koppie s). 

The litera ture on pad lopers is sca nt and data on the 
eco logy of Hom opus are especially sca rce . Some natura l 
observations of Ho111op11s hav e been included in husba ndry 
artic les by some authors (e .g. , H. areolatus: Gor seman , 
1980; H. s. sig11at11s: Loehr and Van Dijk , 1996). Furthermore, 
Bonin eta!. ( 1996) brie ny desc ribed some eco logica l features 
o f Homopus. A field study on H. s. sig11atus by Bayoff 
( 1995) revea led eco logica l c haract e ristics on this spec ies . 
Most avai lable information on breedin g in Homopus is 
based upon cap tive observations. Detailed reports on H. 
llreolatu .1· have been publi shed by Barzyk ( 1994) and 
Gor seman ( 1980) . and nesting data on captive H. boulengeri 
were presented by Haagn er ( 1990). Genera l observa tio ns 
and captive reprodu ction of H. s. sig11a tus have been published 
by Pal mer ( 1994 ), Loehr and Van Dijk ( 1996). and Loehr 
( 1997a). However, detailed reports of captive reproduction 
of 1-J. s. signatus are lacki_ng. 

Wherea s herpct oculture and captive breeding of H. 
areolatus has often bee n success ful (Boycott and Bourquin. 
1988: Baard , 1994; Barzyk, 1994) co nfusion ex ists on 
persp ec tives of keep ing f-1. sig11at11s in cap tivity. Barzyk 
( 1994), working in the USA, stated that survival rates of H. 
t,igna/ 11s in captivity are low. due to its highly speciali zed 
habitat requir e ments (including diet ) . On the other hand , 
Boy cott and Bourquin ( 1988). in South Afri ca, mention ed 
that H. s ig11at11s doe s not requir e a spec ia lized diet and ca n 
be kept in cap tivity successf ully. My results and those of 
Tygerberg Zoopark , Kraaifont e in, South Africa (T. Harris
Smith, pers. comm.) confirm that although H. signa tus has 

specia l requir e ments, it can be kept success fully if the se 
requir ements are met. 

Thr ee published repo1ts of capt ive hatchin g of H. signa /lls 
are ava ilable. In the first. a female gravid when collec ted laid 
one normal egg and a smaller deformed one outdoor s in 
Tyge rbergZoopa rk (Morgan. 1993). The normal egg hatched, 
but the hatch ling d ied (T. Han-is-Smith , pers. comm. ). The 
seco nd report described a female ke pt outdoors in Arge ntina 
that laid one egg annually in each of four yea rs; two of these 
hatched (Palm er. 1994) . Finally . Loehr (1997a) reported 
preliminary re sult s of the hatchlings further presented in rhe 
present paper. On the l.nternet. other possible breedin g 
results with H. signatus are mentioned briefly from Knox ville 
Zoo logica l Gard ens (Knoxv ille, Tenne ssee, USA), Wildlif e 
Conservat ion Soc iety (New York, New York, USA) and 
Zoo Atlanta (Atlant a, Georgia. USA ) (S lavens and Slavens. 
1998). although the latter reco rd is quest ionable (B. Tryon. 
pers . comm. ). 

The present paper report s on reproductiv e eco log ical 
characteri st ics or H. s. signa tus in cap tivity, gathered by 
de ve lop ing sc ie ntifi ca lly co ntroll ed cond it ions a nd 
para mete rs. As the rest ricted dim ensions of the area of 
dist ributi on of H. s. sig11atus e mpha sizes the fund amenta l 
vulnera bilit y of the spec ies . ga the ring information for 
deve loping so und mana gement program s and creating ex 
s itu insuranc e co lonies of captive spec ime ns may b..:: 
co nside red use ful. 

Materials and Methods . - Durin g a 3-week period in 
September 1995, 2 males, 4 females , and 15 juv enile s of H. 
s. sig11at11s were found a few hundr ed meters southeas t of 
Spr ingbo k (29 17 DB) in Namqua land, South Africa. In all 
cases, they were found active at the base of kopjes between 
0800and I 700hrs. Nospecimenswerefoundhidingin the rock 
crevices of these kopjes. as repmted by Bayo ff ( 1995) who 
surveyed the same general vicinity in January 1991 and 1992 . 

Tw o male s (ca rapace length 74. 1 111111. mass 50 g and 
carapace length 84.1 mm , mass 70 g) and two females (A: 
cara pace le ngth 104.0 mm , 140 g and B: carapace length 
I 06.0 mm , mass 150 g) were co llec ted for expor t to The 
Netherla nds. Upon exa mination. it was discove red that each 
of these four spec imens hosted approximate ly IO ticks in rhe 
inguinal areas of the hind limbs. These were removed after 
sa turatin g the exposed abdominal areas of the tick s with o il : 
as they expired they were removed with rorceps. No trea t
ments to alleviate poss ible internal parasite infes tati ons 
were g iven. Th e four specimens were mainlained in dark
e ned e nvironment s and maintai netl bet ween 20- 25°C durin g 
the ir 5-da y transit to The Nether lands. 

Spec imens we re pl aced in a pre-prepared indo or 
enclosure mea surin g 120 x 80 x 60 cm in which southern 
hemi sphere climatic cyc les (temperat ure and frequ ency of 
spraying s) and photope riod prevai led. The se condition s 
were gradually adjusted to northe rn hemisp here cycles over 
4 yea rs (Fig . I). The enclosu re was made of chipboard with 
a glass front. Heat ing was provided via a hea ting wire (55 
watt) set in concrete on the bottom of the enclo sure and an 
80 watt spotlight at 45 cm from the floor. Both were 
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Figu re 1. M onthl y mean maximum and minimum temperature (± 
SE) in a hidin g place and mean photopcriocl in theenc losureof adult 
Ho111opus s. signarus. Dashed line s are elates on which the fir st eggs 
of a breeding season were laid. 

co ntrol led by a timer with dimmer s allow ing for temperature 
regulation and both were sw itched off comp lete ly when the 
artific ial photoperiod presented in the e ncl os ure was 
approx imately JO hrs. Additional lighting was provided by 
a tube light ( 18 watt). and from Jun e 1997 supplemen ted by 
a seco nd 18 watt tube light. The tran sfo rmer for the first tube 
light was integrated into the bottom of the enclosu re providing 
a site that was warm du ring the day throughout the yea r (ca . 
27°C), providing oppo rtuniti es for thermoregulat ion. No 
natura l lighting reac hed the enclosu re. Durin g artificia l 
spring and aun1mn presented in the enclo sure, the photoperi od 
in the terrarium was changed by wee kly I 5 min increment s 
(Fig. I). Wh en the photoperiod in the e nc losure was IO hrs. 
it was sprayed every other day , grad ual ly decreas ing to 
cessa tion when the photoperiod was 14 hrs. 

The hottom of the enclosure was cove red with 4 c m of 
fine grave l (d iame ter 5 mm ). wi th a pla stic conta iner 
contain ing grave l sunk in the enclos ure floor to 15 cm. This 
pro vided a site more suitab le for nes ting. T opog raphy and 
microenvironment included artificial boulders. rock slabs , 
and wood arran ged in such way that five hiding plac es were 
presen t. eac h offer ing different temperatures and luminati on 
microenvironments. Temperature was recorded co ntinu ally 
in o ne of the hidin g plac es by mea ns of a dig ital thermom eter 
with minimum and maximum tempe rature memo ry. Reco rds 
o f min imum and maximum te mperatures were take n by 
hand eve ry 24 hrs. A water bow l was permanent ly ava ilab le 
and was refilled eve ry other day with wate r suppl eme nted 
wirh 23 µg/1 vitamin D . 

The tortoises werd fed vege tab le matter three times 
week ly in the arternoon. The irdi etcon sisLed largely of green 
leaves (Plw1wgo, Taraxacum, Trifoli11111, etc .. if avai lab le. 
other wis6 .. ~ndive or chicory). Thi s was supplem ented with 
small amounts of cut LOmato. apple, mid car rot. A sma ll 
amounl of GISTOCA L (Beaphar B. V ., Raa lte. Netherland s) 
was mixed with the food at each feeding. A piece of cuttlebo ne 
was prese nt in lhe enclos ure at all times. 

Outbreaks of nemat ode infestation s were treated by 
admin istering Pana cur powder (Hoechst AG, Frankfurt. 

Germany) in a dosage of50 mg fenbendazo le per kg tortoise 
d irect ly o nto their food prior to ingest io n. T wo weeks 
af terwards this was repea ted. 

Th e incub ator that was used for incubat ing the first two 
eggs was a rebui lt refrigera tor , heated by fo ur 25 watt light 
bulbs comro lled by an elec tronic thermosta t (described by 
Loehr. 1997b) . The tempe rature was maintain ed ac 28-32°C. 
T he subseq ue nt eggs were incubated in an incubator 
constructed of chipb oard with a doubl e layered glass cove r 
(descr ibed by Loehr. 1997c). Tempera ture was co ntrolled 
by two 28 wa tt heat ing wires with an elec tro nic thermos tat 
that maintained dail y temperat ure fluctuations ( 12 hrs 26°C 
and 12 hr s 32°C). A ll eggs were placed in J :3 
verm iculite:wa ter (we ight based ratio ) in indi vidual open 
plastic co nta iners. Th e substrate wa5 re moistened after I 00 
day s of incubation. 

Hatchlin gs were placed in a 40 x 50 x 40 cm enclosure 
on newspaper. One hiding place and a water bow l were 
availabl e. Hatch lings were fed daily and sprayed eve ry other 
day dur ing their first yea r. After one week , the newspaper 
was rep laced by similar substrate to that used in the adu lt 
e nclos ure. Up to three hatchlin gs we re housed in one 
enclosure. Hatchling ca rapace length was measu red by 
ca lipers and mass reco rded with a digital balance (Soehn le, 
Switzerland ) 24 hrs after hatching and then every month. 

Resulrs and Discussion. - lniti ally, feeding cou ld on ly 
be indu ced by offe rin g various flow ers (Tnfoli11111. 
Taraxac11111, Bellis), sugges ting that flowe rs are pa11 of the 
natural diet o f che spec ies, and one hatchJing had been 
observed in siw feedi ng on grass flowe rs. After seve ral days 
to a few weeks , gree n leaves were also consume d. and 
gradua lly a ll offe red food was acce pted . ln the spring of 
subsequ en t yea rs, the outbur st of flowering plant s in 
Namaqualand was imitated by feeding main ly flowers during 
4 week s. A preference for flower s pe rsisted. /-/0111op11s s. 
signarus tends to become ex treme ly fat if fed more than three 
times week ly. Th is characte ristic potentia lly enab les wild H. 
s. signarus to survive lo ng non-fee ding per iods imposed by 
cl imatic conditi ons. Spec imens drank infrequently from the 
water bow l in the enclosure. 

Female 8 refused al l food for a month after arriva l. 
However. after ov ipos itio n she comme nced feeding. T he 
larger male refu sed to feed at all. ll consta nlly moved abou t 
the e nclosure in what appea red to be a st ressed manner. 
Behavioral interactio n between the two ma les was not 
obse rved, althoug h Patterso n ( 1991) mentioned fierce fight s 
between male Homopus. Howeve r. it cannot be excluded 
that here the behaviorof the larger male had been induced by 
the presence of a second male in the euclosu re. Arter 6 
weeks. the larger male was remove d from the enclosu re and 
housed sepa rate ly. He was force-fed by injecti ng 1-3 ml 
Olvarit baby food (Nutricia , Zoe termeer, Netherland s) per 
day ora lly. initially in the mouth , but later by using a sto mach 
tube. Thi s male died 23 December 1995, pre sum ably from a 
co mbination of ex haustion, stress, and physica l trauma. It 
was prese rved and donated to the Nationaa l Natuurhistori sch 
Museum in Leiden. Net herlands (RMNH 27497). 
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Figure 2. Course of the maximum (solid line) and minimum 
(dashed line) temperature in a hiding place in the enclosure of three 
adult Homopus s. signa ltls in 1996 (above) and 1997 (below) at 1he 
beginning of the breeding season. 

A month after placin g the tortoises into the enc losure. 
the two females and the sma ller male apparently had 
acclim ated to capti vity, based on consistent feedin g and 
acce ptance of spati al limitations. The spec imens showed 
slereo typica l seaso nal behavior in terms o f activity per iods, 
feedin g, and breeding . The pattern that was de monstrated 
short! y after arrival was found lo be characteristic for artificial 
sprin g as prese nted in the enclos ure. All three shared a sing le 
retrea t, spec ifica lly the one with the transfo rmer of the tube 
lig ht integ rated into the floo r, which prov ided addi tional 
substrate hea t. Branch (I 988) me ntio ned that multip le 
spec imens in the wild can be found sharin g retrea ts. Allhough 
Bayoff ( I 995) neve r found more than o ne spec imen in a 
retreat. my capti ve obse rvatio ns revea led no factors that 
could ;;a use exclu sion of furthe r torto ises from occ upied 
retrea(s .. (e .g., agg ressio n), excep t perhaps more than o ne 
male Jurin g breedin g Limes . T he tortoises also often sha red 
a crev ice durin g periods of high te mpera tures. Altho ug h 
Pa lmer ( 1994) mentioned his capti ve speci mens wedge d 
themse lves in a crev ice when di sturbed . a pract ice mos t 
notably assoc iated with Malacochersus tomi eri, this behavior 

was not see n here. As noted by Bayo ff ( 1995). spec ime ns 
here neve r tran sformed a hidin g place , for instance by 
digg ing tunn els as ment io ned by Bonin et al. (1996). ln 
sprin g in the e nc los ure tortoises spent the night hid ing and 
the mornin g was typically spent baski ng under the spotJjght. 
Afte r the torto ises had warmed up, ge nera l ac tivity leve ls 
increas ed and co ntinu ed for 15 minu tes to severa l hours . 
afte r which they retrea ted to the hidin g place aga in. In the 
afternoon. the anim als emerge d to start feedin g if food was 
prov ided . Thi s spring behavioral patte rn was intem1pted by 
mating behavior and ov ipos ition . 

Wh en the ambient temperature in summ er rose to 30°C. 
the retrea t with so il-sur face hea ting was abando ned. On ce 
famili ar w ith the ir enclosure. the tort oises utili zed spec ific 
sites at diff erent seaso ns and te mpera tures . lt is suggeste d 
that enelosures be di sturb ed as Jin le as poss ible for successf ul 
maint enance and breedin g . 

The behavior of H. s. signatus was found to be eas ily 
influenced by human ac tivity in the roo m. poss ibly by 
assoc iat ing it with food ava ilabi lity. Thi s caused the tortoises 
to beco me ex tre mely ac tive durin g tim es when they wo uld 
normally not have bee n ac tive. As this increase in ac tiv ity 
was inte rpreted as stress and co uld poss ibly beco me a 
precurso r to increase d levels of internal paras ites or other 
pathoge nic co mpl icatio ns. the enclos ure was disturb ed as 
infrequently as poss ible. 

Throu ghout the artificia l summ er as prese nted ill the 
enclosure, apart from the change of retrea t. the periods of 
time the torto ises we re ac tive grad ually dec rease d with 
increas ing te mperature, lo a point when Lhe to rtoises reac hed 
a state of aestiva tion o nce te mperatures exceeded 30°C. 
Feeding continued throughout the summer when temperat ures 
were below 30°C (at an ave rage rate less frequent than three 
times wee kly). Decrease d leve ls of mating activity were 
obse rved throughout the artific ial summ e r. 1t is like ly that 
the ongo ing sexual activity throughout summ er is not typica l 
of w i Id H. s. signcuus (Bayoff . I 995). Wh en the temperat ure 
dec rease d in artificia l autumn in the e nclos ure, a reve rse 
shift in the ac tivity pa ttern occ ured, where tortoises became 
mos tly inactive at temperatures of 23°C or below . 

Te mpera ture, photoperiod, and the frequency of spraying 
are thought to have influenced reprodu ctive behavio r see n 
he re. ft is unkn ow n whether flowe rs (as a part of the sprin g 
d iet) may be a factor in trigge ring mating behavior. Mating 
activity o f the male see med to be ind uced by favo rable 
temperatures follow ing a co ld spe ll (as was found by Palmer, 
1994) (F ig. 2). Mating ac tivity increased once temperatures 
in arti ficial winter/ea rly spring in the enc los ure occas ionally 
reached 28°C and remained at high .levels fo r the rest of 
sprin g. T he prevale nce of favorab le (lower) tem pera tures 
a fter a warm summ er as prese nted in the enclos ure did not 
st imulate mating activity in the male. In Fig . 2 the occ urre nce 
ofoccas iona l war m (ar tificial) w inter days is show n with !he 
eggs laid as a res ult of the ac tivity. The time interva l be twee n 
the increase of mat ing act ivity and the da te at which the firs t 
egg was prod uced was very diffe rent in 1996 (45 days ) and 
1997 (23 days) . T his differe nce may be ex plained by the 
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Figure 3. Mating of Hom opus s. signatus (photo by V.J .T. Loehr). 

unknown exact date offe1tilization. Since both photoperiod 
and frequency of sprayings represented winter values, the 
temperature increase is the most likely factor inducing the 
increase in mating activity. The influence of environmental 
conditions on reproductive cycles prior to the start of mating 
activity remains unknown. 

Courtship behavior included the male following both 
fema les while constantly attempting to mount after 
introductory head bobbing by both sexes (Fig. 3). Actual 
copulation rarely occurred. The constant chasing of females 
seemed to result in stress in both sexes as the rate of feeding 
decreased while activity (moving about the enclosure in 
what seemed a stressed manner) was high , and outbreaks of 
nematode infestations occurred. 

Prior to ovipositioning, fema les became notab ly more 
active throughout the day, first basking but later searching 
for suitable nesting sites. At this time, the a vai I able cuttlebone 

was eate n by fema le A. More than a week in advance of 
oviposition, female B gradually stopped feeding, possibl) 
because of intestinal compaction or displacement by the 
relatively large egg. Female A buried her clutches at a depth 
of only a few centimetres, as the shallow soil on top of the 
integrated transformer of the tube Light did not allow for 
deeper holes, whereas female B deposited her eggs in a 
retreat. Hiding eggs in suitable crevices rather than burying 
could occur under natural conditions as well. A reason for 
this could be the presence of more favorable climatic 
conditions for incubation or the absence of suitable nesting 
sites. During their study on Malacochersus tornieri in 
Tanzania (Klemens and Moll, 1995; MoJJ and Klemen s. 
1996), suitab le sites for burying eggs appeared to be absent 
in some populat ions and locals reported that similar 
reproductive behavior cou ld occur in this species (D. MoU, 
pers. comm.). [n captivity M. torn.ieri has been observed to 
deposiL eggs in crevices rather than burying them (pers. 
obs.). An alternative explanation fo r the lack of burying 
behavior in H. s. signatus female B could be the absence of 
suitable nesting sites in the enclosure . 

Both females prefeITed nesting sites under overhanging 
rock slabs, as was found by Palmer ( 1994) . This could 
conceal the female from predators during oviposit ion and 
protect the egg from excessive temperatures from direct sun. 
Tn all instances females here have laid clutches composed of 
single eggs, in concurrence with Boycott and Bourquin 
( 1988) and Branch (1988). Bonin et al. (1996) and Miiller 
and Schmidt (1995) mentioned that clutches of H. signa1us 
can consist of two eggs. Moreover, Morgan (1993) observed 
a nesting site in captiveH. sign.atuswith a normally sized egg 
and a smaller deformed egg. 

Data on eggs produced by females here are summar ized 
in Table l , together with the fertile egg production as 

Table 1. Clutches and breeding results of the two femaleH. s. signatus in l 995, 1996, and 1997, plus results as published in Palmer (1994) 
and Morgan ( 1993). NR = not recorded. ND= no development. U = unknown. 

Dare Female Days Date fncubation Temperatures Incubation Carapace Hatchling Hatchling 
Laid Since Hatched oc Period Length Mass Sex 

Last Egg (Days) (mm) (g) 

1995 
31 Oct 95 B 27 Feb 96 24hrs 28-32; Average >30 I 19 NR NR F 
27 Nov 95 A ND 24hrs 28-32: Average >30 

1996 
22Jul96 B 8 Nov 96 I 2hrs 26/l 2hrs 32; Average 29 109 30.8 7 M 
12 Aug 96 A 30 Nov 96 I 2hrs 26/l2hrs 32; Average 29 ]JO NR 10 F 
3 Sep 96 B 43 24 Dec96 I 2hrs 26/l 2hrs 32; Average 29 112 NR NR F 
19 Sep 96 A 38 26 Jan 97 1 I 2hrs 26/ I 2hrs 32; Average 29 129 NR NR u 
27 Oct 96 A 38 ND 12hrs 26/l 2hrs 32: Average 29 

1997 
28 Jun 97 A 22 Oct 97 I 2hrs 26/ l 2hrs 32; Average 29 116 35.0 9 u 
15 Jul 97 B JO Nov 97 J 2hrs 26/l 2hrs 32: Average 29 I 18 33.2 9 u 
2 Aug 97 A 35 21 Nov 97 I 2hrs 26/l 2hrs 32; Average 29 11 J 34.0 9 u 
I Sep 97 A 30 ND l 2hrs 26/ J 2hrs 32; Average 29 
26 Sep 97 A 25 ND l 2hrs 26/l 2hrs 32; Average 29 

Palmer (1994) 
24 Sep 92 17 Jan 93 25.6-29.4 119 33 14.2 M 
28 Aug 93 23 Dec 93 26.7-30.0 117 29 7.1 u 

Morgan (1993) 
? 31.5 8.8 u NR 9 Dec 92 24hrs 27.5 

1Opened artificially 
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Figure 4. Hatchling H. s. signatus at approximately 24 hrs old 
(photo by L.P.M. van Lierop). 

reported by Morgan (1993) and Palmer (1994). Branch 
(I 988), Muller and Schmidt (1995) and E. Baa.rd (pers. 
comm.) stated a single season clutch was normal but females 
here produced several clutches each breeding season. 
Tortoises have laid up to 4 clutches in a season, indicating a 
greater reproductive potential in the species than has been 
assumed. However, it is unknown whether H. s. signatus 
produces multipleclutches under natural conditions. In captivity, 
third and fourth clutches in one breeding season have never 
been found to develop. Reasons for this remain unknown. 

Here, ovipositioning has sh ifted from October -
November to June - September as a result of the northern
hemisphere adjusted climatic cycles (Tab le 1). The time 
interval between separat e clutc hes was at least 25 days 
(average 35 days; n = 6) (Table I). A short interval like this 
might be an adaptation to a possibly short time during which 
natural environmenta l cond itions allow H. s. signatus to be 
active and to lay and incubate eggs. 

All but one of the viable eggs hatched 2-3 weeks after 
the incubation substrate had been remoistened with water. A 
direct result of the remoistening procedure could not be 
distinguished. The average incubation period was minimally 
116 days (n = 8, range !09-129) but the 129-day egg was 
opened artificially and contai ned a live premature embryo . 
This incubation period is within the range found by Palmer 
(1994). Th e sex of the first hatch I ing was female, the three 
additional hatchlings in 1996 were one male and two females 
(Table I). Because of the applied incubation technique 
(fluctuat ing temperatures) , it is not possible to determine 
here whether TSD is present in H. s. signatus. 

Hatchlings (Fig. 4) had an average carapace length of 
33 .3 mm (range 30.8-3 5.0 mm) (n = 4) and mass of 9 g 
(range 7-9 g) (n = 5) (Table I ). Palmer ( 1994) described a 
hatchling of33 mm with a mass of 14.2 g. This difference in 
weight may relate to incubation technique, but details are 
lackin g (Palmer, 1994). A detailed description of a hatch ling 
H. signatus can be found in Morgan (1993). 

The behavior of the hatchlings was very similar to 
that of the adult tortoises but general activity levels 
tended to be higher. As soon as the sheets of newspaper 
in the hatch lin g enclosu re had been exchanged for gravel, 
the hat chlings started swa llowing some of the particles. 

As was the case with ad ult H. s. signarus, aggression 
between specimens was not noted. 

Growth rates of 7 hatchlings are shown in Fig. 5. In 
artificial winter as presented in the enclosure in 1996, the 
first hatchling was kept at constantly high temperatures, 
which resulted in rapid growth (Fig. 5). ln artificial winte r in 
1997 alJ hatchlings were treated the same way as the adults 
(Fig. I ), resulting i.n slower growth as measured by carapace 
length. This pattern was less pronounced if the mass increase 
was considered (Fig. 5). 

Palmer (1994) noted a carapace length of 62 mm and a 
weight of 42.6 gin a juvenile at an age of almost 14 month s. 
ln comparison, carapace length and mass of my first-born 
juvenile at an age of 14 months was 59.8 mm and 41 g. 
Although Palmer ( 1994) kept his tortoises outdoors for most 
of the year and fed them on a meagre diet , growth was 
similar. His first captive-bred to1toise mounted an adult 
female at an age of 14 months. My juveniles are not housed 
together with adults. The results of Palmer (1994) and my 
growth resu lts may indicate sexua l activity in male H. s. 
signatus at a much younger age than the age of 5- 7 year s 
mentioned by Dampier ( 1997). 
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Figure 5. Growth as measured by carapace length (above) and 
mass (below) of 7 hatchling H. s. sig11arus kept under simi lar 
conditions , except for the oldest hatchling that was kept at high day 
temperature s during the first winter (ca. May-August 1996). Solid 
lines with circles are hatchlings from female B and dashed lines 
with triangles are hatchling s from fema le A. 
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Turtle abundance is determined in part by availab ilit y of 
potential foods and the ability of the rurtles to access them. 
If resources are limiting and are subsequently reduced through 
habitat modifi cation. then reproductive output may de
crease. growth rate of juvenile s or cond iti on of the adults in 
the population may suffer, mortali ty may rise. and the 
population may decline. Au stralian r iver , streams. and 
wetlands, p,u·ticularly in southeastern Aus tralia, have been 
greatly modified by human acti v ity (Wi lliam s. 1980). Re
moval or macrophytes. increased wrbidity and sedimenta
tion , saliniza t ion, c learing of riparian vegetation. dramati
cally altered flow regimes, introduc ti on of invasive competi
tors such as European carp. and lowered temperatures below 
dams and impoundmems can al l be expected 10 alter the 
composition and abundance of avai I able turtle foods. Knowl
edge or the diet of a species may provide important insights 
into the potential consequences of habitat modifi cation and 
the causes of population decl ine. 

Animal s with catholic tastes or that are oppor tuni stic in 
their use of availab le foods are likely to be less vulnerable to 
habi tat modification than are those with special ized dietary 
requirement s. There is considerable variat ion in the degree 
of dietary speciali zation among Au stralian freshwater turtles. 
Elseya dentata is primari ly herbivorou s. feeding upon the 
fruit and leaves of riparian vege tati on, filam entous algae, 
and carrio n when avai lable (Kennett and Tory , 1996 ). 
C/1elodi11a ex pa11sa . C. rugosa, C. lo11gico l/i s. 
Pseudemydura u111bri11a. and Rheodyt es leuknps are stri ct 
carnivores ( Legler. 1978: Leg ler and Ca nn. 1980: 
Burbid ge. 1981; George s et al. . 1986; Kennett and Tory. 
1996). Within the confi nes of carn ivo ry. Clielodi,w 
expa11sa and C. rugosa select i vely feed on highly motile 
prey such as decapod crustaceans, aquatic bugs, and 
small fi sh, although they will take carrion when available 
(Leg ler, 1978; Chessman, 1983: Kennell and Tor y. 1996). 
Chelodina /ongicollis on the ot her hand . has a divers e 
and oppo rtuni sti c diet (Chessman, 1984; Georges et al.. 
1986). Although carnivorous. P. u111bri11a and R. leukops 
are short-necked species that lack the speciali zed morpho
logical adaptations of Chelodina and the other long-necked 
chel ids necessary for securing fast-moving prey (Pritchard, 
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