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Abstract%Q

CASE HISTORY: An adult female Duvaucel gagec plodactylus duvaucelii) from a threatened

species breeding programme presented dye to a oniged gestation period and distended abdomen.

CLINICAL AND PATHOLOGICAL FI @ 3S: The gecko was in lean body condition with an

irregularly-shaped, firm mass inthe ic cavity. Radiographically there was a diffuse radio-

opacity within the coelomic ¢ cranial displacement of the right lung field.

Ultrasonography revealed a omogenous abdominal mass of medium echogenicity with an
echogenic capsule. Hacmatologyshowed a leucocytosis with a moderate left shift in heterophils and
toxic changes. Bila@variectomy was performed to remove two ovarian granulomas and
Salmonella en@ubspecies houtenae (IV) was cultured from the ovarian tissue. The gecko

recovere m the surgery, regained weight and remained in good health 3 years following the

surgery.

DIAGNOSIS: Pre-ovulatory stasis and ovarian granulomas associated with infection with

Salmonella enterica subsp. houtenae.

CLINICAL RELEVANCE: The surgery described in this case resulted in recovery of the gecko,
which despite its loss of reproductive capability is of value as an education animal. This is the first
report of pre-ovulatory stasis and ovarian granulomas associated with infection with Sa/monella

enterica in a Duvaucel’s gecko and is also the first reported case of pre-ovulatory stasis in a
1
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viviparous lizard species. The case adds to knowledge regarding potential reproductive pathology in
lizards, which is particularly important information for managers of captive lizard breeding

programmes.

KEYWORDS: Duvaucel’s gecko, Hoplodactylus duvaucelii, ovariectomy, pre-ovulatory stasis,

ovarian granuloma, Salmonella enterica

MURF Massey University Reptile Facility

N

Duvaucel’s gecko (Hoplodactylus duvaucelii) is a native New Zealand lizar a\fes an of at

Introduction *

least 50 years (Wilson 2010) and a viviparous mode of reproduction. In thé§wildy female Duvaucel’s
geckos probably breed annually or biannually, with gestation perio nths or more (Barwick
1982; Cree 1994). The mating season occurs in spring (Septembéi-Nowember ) and females usually
give birth to one or two young in late summer or autumn (F@— ay; Barwick 1982).
Anthropogenic habitat modification and the introd ctio@ 1 non-native predatory mammals

caused severe range contractions and the exti cel’s geckos from mainland New

Zealand (Towns and Daugherty 1994). The speGi urrently listed as at risk—relict in the New

Zealand Department of Conservation threafiglassification system (Hitchmough et al. 2013). In

recent years, Duvaucel’s geckos have 2? ’

former range as part of ecologi& aflon initiatives, to help improve their conservation status.
¢

roduced to pest-free island habitats within their

Furthermore, a captive breed e programme with 30 wild-caught adult Duvaucel’s geckos

(21 females, nine males puki Island (part of the Mercury Islands group off the northeast

coast of New Zealam Island) was established at the Massey University Reptile Facility
006

(MURF) in Auc i

Pre-ovu Qccurs when a lizard undergoes vitellogenesis (yolk deposition) and mature
follicle de¥elopment but fails to ovulate. The condition has been reported in oviparous species, but
not in viviparous species (Melidone et al. 2008). This paper presents the first report of pre-
ovulatory stasis in a Duvaucel’s gecko and contributes to existing knowledge of reproductive
medicine in lizards which may be useful for reptile veterinarians or managers of lizard breeding

programmes.

Case history



Downloaded by [Massey University Library] at 19:39 25 June 2015

After collection from the wild as a gravid adult of unknown age in 2006, a female Duvaucel’s gecko
was housed at MUREF in a naturalistic outdoor enclosure with one male and up to three other
breeding females. The diet consisted of a puree of fruit, water, honey, Wombaroo Reptile
Supplement (Wombaroo Food Products, Adelaide, SA, Australia) and vitamin powder, given once
weekly in winter and twice weekly in summer. Live invertebrates were provided when available,
and calcium-fed Tenebrio beetles or mealworms were given fortnightly. The diet had a Ca:P ratio of
1.2:0.8 and a vitamin D3 concentration of 1.34 IU/g. Between 2007 and 2011, the female produced
one to two healthy offspring annually, and did not exhibit any signs of ill health prior tg January
2012. During February 2012, the gecko displayed normal basking behaviours and apperas
not seen to defecate. In March 2012, the gecko was presented to the New Zealafid G @ or
Conservation Medicine at Auckland Zoo due to a prolonged gestation period a&&n gd, firm

abdomen.

Clinical findings and treatm&

On initial examination under manual restraint, the gecko wa
(based on epaxial muscle condition). It weighed 65 g wm t-vent length of 126.5 mm. On

in lean body condition

palpation, there was an irregularly-shaped, firm m ng and distending the mid- to caudal
erformed with the gecko under manual

tlagnostiGgests in a potentially compromised animal. Only

dorso-ventral views taken, as positioning
chemical sedation. Radiologica ﬁn@nc uded a diffuse radio-opacity in the mid- to caudal
coelomic cavity and cranial digp of the right lung field (Figure 1). Ultrasonography

revealed a round, homogend @

eral radiographic views in lizards usually requires

omic mass of medium echogenicity with a small amount of

ic capsule. Blood was drawn from the ventral tail vein into a

surrounding fluid and a@
heparinised syringdy a frésh blood smear was stained with Leishman’s stain and a white cell count

Ceftazidime (20 mg/kg; Fortum Injection; GlaxoSmithKline, Boronia, VIC, Australia) was
administered I/M in the forelimb and 1.5 mL 0.9% sodium chloride was administered S/C in the
lateral body wall. The gecko was housed in a terrarium at 21°C without access to food or water

overnight.

Based on the physical examination, radiographs, ultrasound and haematology, an exploratory
coeliotomy was performed the following day. The gecko was induced for general anaesthesia using

3
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5 mg/kg alfaxalone (Alfaxan Anaesthetic Injection; Jurox, Rutherford, NSW, Australia)
administered I/M in the forelimb. After 20 minutes, moderate sedation was achieved, however
breath holding occurred when mask induction was attempted therefore an additional 1.6 mg/kg
alfaxalone was administered I/M. This facilitated intubation with an 18 gauge I/V catheter, after
which general anaesthesia was maintained using isoflurane and oxygen via an artificial ventilator
(Small Animal Ventilator; BASi Vetronics, West Lafayette, Indiana, USA) to deliver intermittent

positive pressure ventilation.

A paramedian surgical incision was made through the skin and abdominal musculature Nlhe large

abdominal vein was readily visible directly beneath the skin, and was moved lateral e

tton buds, and

1
L 4
surgical field using a moistened sterile cotton bud. A large, pale, well-vasculari % elomic
mass (32.5 mm x 27 mm, weight 10.2 g) was exteriorised (Figure 2) using &)

one small blood vessel on its lateral aspect was ligated with 5/0 polyglyeolig,acid braided

absorbable suture (Polysyn; SVS, Auckland, NZ) for removal of th:

rrounding attachments
and fimbria were blunt dissected and the mass was resected. A s aller, smoothly shaped
round yellow mass (15 mm diameter, weight 1.55 g) with fé¥ surfeunding attachments was blunt

dissected out of the right cranial abdomen using stegile €o ds. The coelomic cavity was

flushed with warmed sterile saline, before the n was closed with the same absorbable

suture using a continuous pattern. The skin inci closed using an everting horizontal

mattress suture pattern with 5/0 Polysyn. to recovery, 1 mg/kg butorphanol (Torbugesic;
Zoetis, Auckland, NZ) was administ the forelimb and 0.2 mg/kg meloxicam (diluted
1:10 with water for injection; cafm; Boehringer Ingelheim, North Ryde, NSW, Australia) and
1.5 mL 0.9% sodium chlori inistered S/C in the lateral body wall. The gecko continued

to receive meloxicam a dium chloride every 48 hours for 6 days, butorphanol I/M once
daily for 6 days anm' ime I/M every 72 hours for 14 days, at the above doses. A smooth

recovery from was observed and the gecko was bright and active several hours later.
Immedi f(c)lg surgery, the gecko weighed 54 g.

The suture$yin the healed surgical wound were removed 39 days following surgery, after the
gecko’s next skin slough. The gecko had a good appetite and bright demeanour at the time and its
weight had increased to 60 g. Radiographically, although there was still increased radio-opacity in
the caudal right lung, the size of this lung field had increased since before the ovariectomy (Figure
3). Three years following surgery, the gecko remained healthy in appearance, displayed normal

basking behaviours and appetite and weighed 73 g. It is used as an education and advocacy animal.
Histopathology and microbiology

4
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The two intra-coelomic masses were submitted for histopathology. The tissue was fixed in 10%
buffered formalin then processed as a batch in paraffin. Sections were cut at 4 um, and stained with
H&E and Gram stains. Histopathology was similar for the two lesions: the intra-coelomic masses
were chronic-active yolk granulomas, composed of a central egg yolk surrounded by a thick band of
heterophils and epithelioid macrophages admixed with moderate numbers of Gram-negative bacilli
bacteria. Tissue from the masses was also submitted for aerobic and anaerobic culture, which
resulted in a heavy growth of Salmonella spp. These were then serotyped and phage typed as

from

Salmonella enterica subspecies houtenae (1V) ser.43:z4, z23. Subsequently single cloacal swabs
were taken from 90 Duvaucel’s geckos in the MURF group and sent for culture; one sa&

an asymptomatic female from a different enclosure to the dystocic gecko was p@sit %
Salmonella enterica subspecies houtenae (1V) ser.43:z4, z23. &\

Discussion
The Duvaucel’s gecko in this case report was diagnosed with ov@aomas associated with
S

infection with Salmonella enterica subsp. houtenae. In a pre
Duvaucel’s gecko female reproductive tracts revealed t%' n follicles grow to a maximum
e

, examination of 58

length of approximately 19 mm during the period it nesis, which lasts from March through

to October (Cree 1994). This suggests that on varian masses removed from the gecko in

this report was substantially enlarged at bably as a result of granulomatous reaction

mm,

and coalescence of the ova, which occurs
deterioration (Mader et al. 2006). B@rles removed were likely to be static in their
development as, at the time of presentation (March), the gecko should have been displaying either

early vitellogenesis with sma aries, or late gestation with a fully developed fetus. It is therefore

esult of chronic pre-ovulatory stasis and ovarian

likely that the follicula e

previous year. 0

Pre-ovu isfmay be caused by inappropriate nutrition, environmental conditions or lack of

pment had not progressed from vitellogenesis to ovulation during the

nesting s atc’(Barten 2005; Sykes 2010). The condition has been commonly reported in
oviparous species, but not previously in viviparous species (Backues and Ramsay 1994; Melidone
et al. 2008; Scheelings 2008; Gardner and Barrows 2010). Whether this is due to the lower number
of species with the latter mode of reproduction, which makes up only 20% of all lizard species
(Pough et al. 2001), or due to a lower overall prevalence of the condition in viviparous species is
not known. Clinical signs may include anorexia, lethargy, coelomic distension and dyspnoea due to
the effect of the space-occupying lesion (Barten 2005; Mader et al. 2006; Stacy et al. 2008). As in

the current case, diagnosis of pre-ovulatory stasis can be made using ultrasonography or
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radiography, which may show a space-occupying mass in the mid- to caudal coelom, and
haematology to assess for underlying or concurrent conditions, such as metabolic abnormalities or
infection (Sykes 2010). Resorption of the vitellogenic follicles in lizards with pre-ovulatory stasis
can occur, but potentially fatal yolk coelomitis is a common consequence when ova become friable
and rupture (Stacy et al. 2008), therefore surgical ovariectomy is recommended for lizards with pre-

ovulatory stasis (Rivera 2008; Gardner and Barrows 2010).

Salmonella enterica subspecies houtenae (1V) ser.43:z4, z23, identified from the ovarian granuloma
tissue in this gecko, is an uncommon serovar in New Zealand that has been isolated fro

Duvaucel’s geckos on Korapuki Island (Middleton et al. 2010). The MURF group
tested negative on one cloacal swab following collection from the wild, althoug at least
three swabs are required to rule out Sa/monella spp. infection. The initial s &%moneﬂa

cted, and the relevance

serovars in wild New Zealand lizards is unknown, but may have been s uman activities
(Middleton et al. 2010). The route by which this gecko’s ovaries @

of the infection to the aetiology of the pre-ovulatory stasis remai ermined. Culture of micro-
organisms in retained ova of reptiles is common and wheth?gamsms cause the retained ova
0

or vice versa is usually unknown (DeNardo 2006), &o nella spp. are generally regarded

as secondary opportunistic organisms in reptil 2) If the pre-ovulatory stasis

occurred as a primary condition, with subseque ioration of the ovarian tissue coupled with
systemic stress caused by the condition, arian granulomas more likely resulted from
secondary opportunistic rather than pasi ection. Salmonella spp. have been isolated from the
reproductive tract of wild lizardyguggesting that transovarian transmission probably occurs
naturally in individuals, but i Gx\t that this mainly occurs in individuals under adverse

conditions such as stres i) and Telford 1982).

Female reptile repr@ve cycles can be affected by many different variables including
environmental@u as temperature and humidity (Licht 1972; Summers 1988), altitude
(Gorma 1974), hibernation (Gavaud 2005), the presence of a male (Crews et al. 1986),
the act of dgpulation (Mendonga and Crews 1990), stress (Summers et al. 1995) and the nutritional
status and body condition of the specific individual (Jones ef al. 1987). Dystocias are more common
in captive than free-ranging lizards, presumably because captivity alters the balance between the
environment and physiology (DeNardo 2006). If pre-ovulatory stasis was the primary condition in
this gecko, with the infection occurring secondarily, there are no obvious factors involved in its
development. There had been no recent changes in the husbandry of the breeding group and this
gecko had bred successfully for 4 years prior to presentation and was otherwise in apparent good

health. Although the diet composition of wild Duvaucel’s geckos is not fully known, the Ca:P ratio
6
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and vitamin D3 concentration of the MURF gecko diet was within the recommended ranges for

reptiles (Donoghue 2006).

The chronic effect of the disease on the gecko’s body condition, and the gecko’s initial body

condition index is difficult to state due to the weight of the inspissated ova. The post-surgical body

mass (54 g) was lighter than previous post-partum weights in this individual (60—70 g) but this body

mass may also reflect the loss of organs after the ovariectomy. However, the presence of granuloma

formation within the enlarged ova and the acute severe leucocytosis with toxic haematological

changes does suggest that this gecko would not have survived without surgical interve\'&a
0

Although there was no evidence of follicle rupture or yolk peritonitis, there was hae 1

L 4
evidence of inflammation, likely as a result of the granulomas; also rupture was E\ n the

friable nature of the ovarian masses removed in this case. It is therefore pro
prolonged the life span of this individual, which, despite the resulting % eproductive

at’surgery

capability, could still fulfil a valuable conservation role as an advo isplay animal.

This is the first report of pre-ovulatory stasis and ovarian gra mation in a Duvaucel’s

gecko and, to our knowledge, the first report of this con% a viviparous lizard species. This

case expands the current knowledge of potential re onditions that may be seen in

threatened lizards, including viviparous speci of captive lizard breeding groups should

be aware of this condition and of the factégs whichnay predispose individuals to reproductive
pathology, such as inappropriate enviro conditions, stress, nutrition and improper body
condition. Careful control of these f@may lead to better reproductive success and therefore
potentially improve the outcom& ervation programmes involving captive breeding. Finally,
although conclusions canno @ wn as to the significance or pathophysiology of the infection

with Salmonella enteric@p ics houtenae (IV), this case also highlights the importance of
ongoing surveillan@1 entification of Salmonella spp. strain types in captive and wild reptiles,

to guide assessinent isease risks for translocation and reintroduction programmes.
Acknowledgements

The authors are grateful to C. Harvey for comments on the manuscript relating to clinical

pathology.



Downloaded by [Massey University Library] at 19:39 25 June 2015

References

*Barwick R. The growth and ecology of the gecko Hoplodactylus duvaucelii at The Brothers
Islands. In: Newman D (ed). New Zealand herpetology. proceedings of a symposium held at
Wellington 29-31 January 1980. Pp 377-91. New Zealand Wildlife Service, New Zeland, 1982

Backues K, Ramsay E. Ovariectomy for treatment of follicular stasis in lizards. Journal of Zoo

and Wildlife Medicine 25, 111-6, 1994

*Barten S. Lizards. In: Mader D (ed). Reptile Medicine and Surgery, 2nd Edition. p 69Qunders

Elsevier, St Louis, USA, 2005 .

Chiodini RJ. Transovarian passage, visceral distribution, and pathogenicity o m in
snakes. Infection and Immunity 36, 710-3, 1982

Cree A. Low annual reproductive output in female reptiles from N aland. New Zealand
Journal of Zoology 21, 351-72, 1994 6

Crews D, Grassman M, Lindzey J. Behavioral facilitati Qoduction in sexual and unisexual
whiptail lizards. Proceedings of the National e ciences 83, 9547-50, 1986

*DeNardo D. Dystocias. In: Mader D (ed). Rep icine and Surgery, 2nd Edition. Pp 787-92.
Saunders Elsevier, St Louis, USA, 2

*Donoghue S. Nutrition. In: M der@. eptile Medicine and Surgery, 2nd Edition. p 287.
Saunders Elsevier, St Loui % 06

Gardner B, Barrows Qlomitis in a white-throated monitor lizard (Varanus albigularis).
Journal of the jean Veterinary Association 81, 121-2, 2010

Gavaud J. Obligat

erimental Zoology 225, 397405, 2005

ibernation for completion of vitellogenesis in the lizard Lacerta vivipara J.

Jou

Gorman

9,1974

Licht P. Seasonality in ovarian cycles among tropical Anolis lizards. Ecology 55, 360—

*Hitchmough R, Anderson P, Barr B, Monks J, Lettink M, Reardon J, Tocher M, Whitaker
T. Conservation status of New Zealand reptiles, 2012. New Zealand Threat Classification

Series 2 _http://www.doc.govt.nz/Documents/science-and-technical/nztcs2entire.pdf (accessed

10 June 2015). Department of Conservation, Wellington, NZ, 2013



Downloaded by [Massey University Library] at 19:39 25 June 2015

Jones S, Ballinger R, Porter W. Physiological and environmental sources of variation in

reproduction: prairie lizards in a food rich environment. Oikos 48, 325-35, 1987

Kourany M, Telford S. Salmonella and Arizona infections of alimentary and reproductive tracts of

Panamanian lizards. Infection and Immunity 36, 432-4, 1982

Licht P. Environmental physiology of reptilian breeding cycles: role of temperature. General and

Comparative Endocrinology 3, 477-88, 1972

*Mader D, Bennett R, Funk R, Fitzgerald K, Vera R, Hernandez-Divers S. Surgerwader

D (ed). Reptile Medicine and Surgery, 2nd Edition. p 594. Saunders Elsevier, St A,
L 4

2006 \
Mayer J, Knoll J, Wrubel K, Mitchell M. Characterizing the hematologi ar&sma chemistry
profiles of captive crested geckos (Rhacodactylus ciliatus). Journ etological Medicine

and Surgery 21, 68-75, 2011

Melidone R, Knoll J, Parry N. Preovulatory stasis and dy@ oviparous lizards. Veterinary
Medicine 103, 595, 2008

Mendon¢a M, Crews D. Mating-induced ov scence in the red-sided garter snake.

Journal of Comparative Physiology ARL66, 62932, 1990

a enterica serovars in lizards of New Zealand’s

rngl of Ecology 34, 247-52, 2010

Middleton D, Minot E, Gartrell B.

offshore islands. New Zeal

*Pough F, Andrews R, Ca rump M, Savitzky A, Wells K. Herpetology, 2nd edition.

Prentice Hall, New@ ,2001

Rivera S. Heal @ent of the reptilian reproductive tract. Journal of Exotic Pet Medicine 17,
259 2

ScheelingsiT. Preovulatory stasis in a yellow-spotted monitor Varanus panoptes panoptes. Journal

of Herpetological Medicine and Surgery 18, 18-20, 2008

Stacy B, Howard L, Kinkhaid J, Vidal J, Papendick R. Yolk coelomitis in Fiji Island banded
iguanas (Brachylophus fasciatus). Journal of Zoo and Wildlife Medicine 39, 161-9, 2008

Summers C. Chronic low humidity-stress in the lizard Anolis carolinensis: Effects on ovarian and

oviductal recrudescence. Journal of Experimental Zoology 248, 192-8, 1988



Downloaded by [Massey University Library] at 19:39 25 June 2015

Summers C, Suedkamp D, Grant T. Regulation of ovarian recrudescence: Effects of social
interaction and size on female lizards, Anolis carolinensis. Journal of Experimental Zoology

271, 235-41, 1995

Sykes J. Updates and practical approaches to reproductive disorders in reptiles. Veterinary Clinics

of North America: Exotic Animal Practice 13, 349-73, 2010

Towns D, Daugherty C. Patterns of range contractions and extinctions in the New Zealand

herpetofauna following human colonization. New Zealand Journal of Zoology 21, 325-39, 1994

*Wilson J. Population viability and resource competition on North Brother Island: fon
¢

implications for tuatara (Sphenodon punctatus) and Duvaucel’s gecko (Hop,
duvaucelii). MSc thesis, Victoria University of Wellington, New Zealab

* Non-peer-reviewed 0
Submitted 13 October 2014 %

Accepted for publication 10 June 2015

First published online [insert date]

Table 1. Haematological x10°/L) for a Duvaucel’s gecko (Hoplodactylus duvaucelii)
omparative reference values for crested gecko

from Mayer et al. (2011).

with pre-ovulatory st
(Rhacodactylus c@ n = 38

Parameter Duvaucel’s gecko Reference values ?
Leukocytes Q 48.2 15471
Heteroph 11.6 0.35,84
Lymphocyt 32.8 10.7+ 5.1
Monocytes 2.4 0.35, 9.02
Basophils 14 0,2
Eosinophils 0 0,6

@ Values are mean + SD for parameters with a normal distribution, or minimum and maximum for parameters
that were not normally distributed.

10
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Figure 1. A dorso-ventral radiographic view of a Duvaucel’s gecko (Hoplodactylus duvaucelii)
upon presentation with abdominal distension, showing diffuse radio-opacity in the coelomic cavity
and cranial displacement of the right lung field.

Figure 2. Photograph showing exteriorisation of ovarian granulomas prior to ovariectomy in a
Duvaucel’s gecko (Hoplodactylus duvaucelii).

Figure 3. A dorso-ventral radiographic view of a Duvaucel’s gecko (Hoplodactylus duvaucelii)
taken 39 days following ovariectomy to remove two ovarian granulomas, showing reduction of
abdominal distension and intra-coelomic radio-opacity, and expansion of the right lungyfigld
compared to pre-surgical radiography. EK
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