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EAZA Best Practice Guidelines disclaimer

Copyright June 201pby EAZA Executive Office, Amsterdam. All rights reserved. No part of this publication may be
reproduced in hard copy, machimeadable or other forms without advance written permission from the European
Association of Zoos and Aquaria (EAZA). Members of the European Association of Zoos and Aquaria (EAZA) may copy
this information for their own us as needed.

The information contained in these EAZA Best Practice Guidelines has been obtained from numerous sources believed
to be reliable. EAZA and the EAAPFAG make a diligent effort to provide a complete and accurate representation of

the data inis reports, publications, and services. However, EAZA does not guarantee the accuracy, adequacy, or
completeness of any information. EAZA disclaims all liability for errors or omissions that may exist and shall not be
liable for any incidental, consequealtj or other damages (whether resulting from negligence or otherwise) including,
without limitation, exemplary damages or lost profits arising out of or in connection with the use of this publication.
Because the technical information provided in the ER28t Practice Guidelines can easily be misread or

misinterpreted unless properlgnalysed EAZA strongly recommends that users of this information consult with the
editors in all matters related to data analysis and interpretation.

Preamble

Right from the very beginning it has been the concern of EAZA and the EEPs to encourage and promote the highest
possible standards for husbandry of zoo and aquarium animals. For this reason, quite early on, EAZA developed the
GaAyAyYdzy {0 YRIYNRRITANRIYIKYR OONBE 2F ! yAYI & Ay %223& |y
general principles of animal keeping, to which the members of EAZA feel themselves committed. Above and beyond
this, some countries have defined regulatory minimum standardthikeeping of individual species regarding the

size and furnishings of enclosures etc., which, according to the opinion of authors, should definitely be fulfilled before
allowing such animals to be kept within the area of the jurisdiction of those casnffhese minimum standards are
intended to determine the borderline of acceptable animal welfare. It is not permitted to fall short of these standards.
How difficult it is to determine the standards, however, can be seen in the fact that minimum stamaaydsom

country to country.

Above and beyond this, specialists of the EEPs and TAGs have undertaken the considerable task of laying down
guidelines for keeping individual animal species. Whilst some aspects of husbandry reported in the guidelines will
define minimum standards, in general, these guidelines are not to be understood as minimum requirements; they
represent best practice. As such the EAZA Best Practice Guidelines for keeping animals intend rather to describe the
desirable design of encloswg@nd prerequisites for animal keeping that are, according to the present state of
knowledge, considered as being optimal for each species. They intend above all to indicate how enclosures should be
designed and what conditions should be fulfilled for tpgimal care of individual species.
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Summary

These EEP guidelines have béased uporthe previousBIAZA/WAZA Management Guidelines
for the Welfare ofPolynesiaree Sails,originally ompiledin 2005by Paul Pearc&elly, Edwin
Blake, Ron Goellner and Andy Sniddrey have been extensively enlarged & updated, however
remainthe result of an extensive collaboration of many participating institutions, agencies and
individuals.These guidelines havgeen able todraw fromdecades oexperience of all programme
colleagues involved working with Partula includngfield observations, husbandry and diet trials,
epidemiological and genetic health investigations, questionnaires and group discugdibnsgh
some species have been lost in the pasg tesult is a distillation of what we have been able to
identify as producing best resuliisr species currently in the programme

The 2018 EEP Studbook of Patnails recordsver 8,000 snails df5taxa beng maintained in
10 participating EAZA institutionBortunately most Partulaspecies haveimilarmanagement
requirements although exact details may vary at individual institutidPartulasnails are by no
means easy animals to keapd require particular care. Howevéhey are extremely rewarding
to keep, andf basic requirements are fulfilled, they can do very well. Success of the captive
programme has led to our ultimate aim of releagianimals back into the wild, which since 2015
has seen nearly 10,000 snails of 10 species return to Polynesia.

The following agencies and IUCN SSC groups are also gratefully acknoyweatged whom the

overall programme would not be possibRiredi A 2y RS f QIYFANBYYSYSy iz :
Polynésie FrancaisBélégation a la Recherche, gouvernement de la Polynésie Frarthiid¢ SSC
Conservation Breeding Specialist GrplffCN SSC Mollusc Specialist Group.

Also, personal thanks to those who hetprefine the last details of this document.

Do U

Dave Clarke
May 2019
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Section 1: Biology and fieldata

Biology

1.1 Taxonomy

Phylum:
Class:
Order:
Family:
Genera:
Species

Mollusca

Gastropoda

Stylommatophora

Partulidae
Partula

Partula(100+)

These Best Practice Guidelines centre onRhaeulagenus, to which all the extant captive
snails belong. The family includes two other gen&mwa(4 spp) andSamoang25 spp), and

although some species of the latter genus have been kept in captivity, they have proved very

delicate and have not survivedrg term.

Common name: Polynesian tree snail is the general term, though some sprettiegenus
live outside of the Polynesian realm. Somédividualcommon names dexist,but they are
virtually never used. On those islands where the snails playettwal role (principally
Huahine and Raiatea) the local Polynesian name for Partulanghs (ah-reh-ho). The
general Polynesian name for shellpigpu(poo-poo).

A set of common names for extant species were approved in 2016, where possible using
Tahtian translations of the scientific namehis list was created for those species current or

recently in the captive programme, a concise and updated version is included here.

Partula common names for extant species
As agreed at EEP Committee Feb 2016. Translations via Trevor Coote (with thanks to Djobrila Tiare)

All to include the term tree snails, &gartula hyalina= Poe tree snail.

last edit 19 June 2019 TC/L

Partula species [Common hame Tabhitian Pronounciation |Approximate meaning in Tahitian|Scientific name meaning

affinis Marona tree snail marona mahrona brown similar

garrettii lareta tree snail iareta yaretta Tahitian pronounciation of GarretfNamed after Garrett
hebe = Greek goddess @

hebe Tapairu tree snail tapairu tahpahiroo beautiful youth of a goddess youth

hyalina Poe tree snail poe pohweh pearl transluscent

mirabilis Navenave tree snail |navenave |nahvehnahveh |marvellous wonderful

mooreana Eimeo tree snail eimeo eymayo ancient name for Moorea of Moorea

navigatoria Faatere tree snail fa'atere fa-atehreh navigation

nodosa Niho tree snalil niho neeho teeth noduled

rosea Tarona tree snail tarona tahrohna rose coloured rosy

suturalis Taamu tree snail ta'amu ta'amu banded lined

sspstrigosa grooved or ridged

sspvexillum standard, or feather

taeniata Parare tree snalil parare pahahreh widespread ribboned

sspnucleola core/central

sspsimulans similar

tohiveana Tohiea tree snail tohi'ea tohiya current name for Tohivea of Tohivea

varia Mauru tree snail mauru mah'uru many varieties variable
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Due to the intense genetic studies undertaken on Moorea in the Society Islands of French
Polynesia, this is one of the few islands for which there exists a definitive taxonomy (Johnson

et al 1992). Most contentious are those islands which were host tangeu of different

though similarspecies with many varieties, notably Raiasewl Tahiti in the Society Islands.

Kondo (1968yasthe standard taxonomic reference, though tlagestspeciegeview is in

Gerlach(2016).

Species andRed List assessmentsr French Polynesiésubmitted by Trevor Coote, Partulid

Global Species Management Programme, November 2007, and published 2009)

GenusPartula
IUCN category
Island Species (pub. 2009) | Comment
Society Islands (Leewards)
Bora Bora | P. lutea EX
Huahine P. rosea EW
P. varia EW
P. arguta EX
Raiatea P. faba EW Now extinct as last captive died 2015
P. fusca EX
Now to be reclassified EW due to
P. navigatoria EX misidentification.
P. vittata EX
P. radiata EX
P. citrina EX
P.imperforata EX
P.formosa EX
P. candida EX
Now to be reclassified EX due to
P. dentifera EW misidentification.
P. callifera EX
P. cedista EX
P. auriculata EX
P. robusta EX
P. dolichostoma EX
P. protracta EX
P.leptochila EX
P. labrusca EX
P. dolorosa EX
P. lugubris EX
P. ovalis EX
P. levilineata EX
P. turgida EX
P. remota EX
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P. atilis EX

P. tristis EW Now to revert to EX due to misidentification

P. thalia EX

P. rustica EX

P.levistriata EX

P. cuneata EX

P. crassilabris EX

Now to revert to EW due to

P. garretti EX misidentification.

P. hebe EW Only subspecieB. h. bellsurvives
Tahaa P. faba subangulata EX Extinct on this island. Sé& faba Raiatea

P. planilabrum EX

P.sagitta EX

P. bilineata EX

P. umbilicata EX

P. eremita EX
Society Islands (Windwards)
Moorea P. mooreana EW

P. suturalis EW Two subspecies included

P.suturalis vexillum -

P. suturalis strigosa -

P. taeniata CR Three subspecies included

P. taeniata elongata -

P.taeniata simulans - (Would be EW)

P. taeniata nucleola - (Would be EW)

P. tohiveana EW

P. mirabilis EW

P. aurantia EX

P. exigua EX
Tahiti P. jackieburchi EX

P. otaheitana CR

P. affinis CR One known population surviving.

P. cytherea EX

P. nodosa EW

P. producta EX

P. filosa EX

P. clara CR

P. hyalina VU
Austral Is

Tahiti endemic transported by mas part of

Tubuai P.hyalina VU the trade in shell jewellery
Rurutu P. hyalina VU 4
Raivavae | P. hyalina VU é
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Rimatara | P. hyalina VU é

Species summary As 0f2009
EX 43
EW 11
CR 4
EN
VU 1
DD -

Totals 59 (= species from French Polynesia only)

Important note: Since the categorisations were last publisheduenber ofspecies have
been reclassified (Gerlach 2016) and these changes will be absorbed into the next revised
assessments.

1.2Morphology

It was the extraordinary polymorphism in shell size, shape, colour and banding patterns, and
direction of coilinghat attracted scientists to study the underlying genetic mechanisms of
inheritancein the Partulidae There is a wide range of intraspecific polymorphism in many
species.

Shelllengthvaries from around 12mm for species suctGamoanadecussatulgHivaOa)to
almost 30mm irP. calypsd@Palau) Shells can be thin and translucent as is found in many
species of the genuSamoanaand two or three species &fartula or thicker and more

robust as in most species Bartulaand Eug and a fewSamoanaTheir shape ranges from

long and slender to squat and globo&hells can also vary in chirality, the majority being
dextral (coiling to the right when viewed from abQuaut some species amnistral(left

WKl YRSRQO gAGK | fghihandets@elNsyindhe 8a2né speciesS Ghirality vy R
can be an isolating mechanism in evolution, and many species were seen to be actively
evolving hence their scientific intese
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236439488
48088485
5858545
25440449
YYIYEY
2400844 2
24948000

Variation inPartula suturaligincluding chiralityjrom Crampton monograph932

Adult shail live weights can vary from around 1.9 gramBantula tohiveanaone of the
larger species, to only 0.5gkh garrettij one of the smallest

Among approximately 60 species of partulids from the Society Islands, 29 have banded
morphs, but only 5 out of the approximately 70 species of partulids beyond the Society
Islands have banded morphs (Johnson et al 1992). Crampton (1932) designated 11 colou
varieties and 11 banding varieties among Moor@&amtula Polymorphisms also exist in
direction of coiling (on Tahiti and Moorea), mantle colour, proteins and mitochondrial DNA
and these are reviewed in Johnsenal 1992.

1.3 Physiology
There appearto belittle published information on the physiology of the Partulidae, though

Kondo and Burch (1979) have made anatomical studies on genitalia, ostensibly for
taxonomic purposes.

1.4 Longevity
Partul are relatively slowgrowing, longlived and sloweproducing land snail$. taeniata

from Moorea lives for at least 5 years after achieving maturity (Murray and Clarke 1984) and
one individual wasecorded as living for 17 years in the laboratory (Johretcad 1992).

10
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In general, they can be said t@ake about 1 year to reach maturity and live up to 10 years
although this can vary with species

Field data

1.5 Conservation status/Zoogeography/Ecology

The snail familyPartulidae endemic to many of the volcanic islands of the South Pacific,
have an enormous geographical range, frBdau, east of the Philippines, to the Marquesas
Islands, 8500 km away to the we3kt there are only three genera throughowua(4

species) in Tam and Samo&amoang25 species) from east of Fiji to the Marquesas, and
Partula(100+ species) from Belau to the Austral Islands. The epicentre of their evolutionary
radiation is in the Society Islands of French Polynesia, where more than half of the
recognised species were found, thoutfeir taxonomyhas only recently been largely

clarified (Gerlach, 2016They are small, relatively inconspicuous, inhabitants of the forested
slopes of many South Pacific volcanic islands, existing on the stems, anchksdersides of
leaves of many species of plant. There is evidence of microhabitat partitioning where species
coexised (Murray et al. 1982)Most species live at lower elevation, especially along the
forested slopes of valleys, but there are a few hadfitude species and some are found

almost to the coast

1500 180° 150° Distribution of
the Partulidae

@
Hawaiian Islands

Marshall Islands

Gilbert Islands ® Line Islands
Equatar

A
Tuamoto
Islands P/ %] O

Natural distribution of Partulida€Eua(blackline), Samoangdark greenine), Partula(light green
line). FromCowie 1992

Despite soméocalisedhabitat loss, the biggest threat to the Partulidae has been from
introduced predators, in particular the Rosolf snailEuglandina roseand more recently
the NewGuineaflatworm Platydemusnanokwari As a result, most surviving species are
IUCN Red listkas Critically Endangered (CR) or Extinct in the Wild, @&@/species list in
1.1 forfull details.An integratedconservation breeding plan has beemning since 199
(Mace et al 1998).

11
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History of the conservation programme

Following widespread extinctions pértulid tree snails due to the misguided introduction of
EuglandingClarke et al, 1984he International Partulid Conservation Programme was
established in 1986 (see Appendix 1 for conservation status table). Sinoeeption, the
InternationalPartulaBreeding Programme has been the driving force for developing in
region conservation initiatives aimed at mitigating the effectstrfoduced predators

Although eradicatindgcuglandinaor Platydemuss probably unralistic any future
conservatiormeasures will be heavily reliant upon having a detailed understanding of the
predator dynamics in these island ecosystems. Current conservation measures are therefore
focusing on clarifying the degree of spread, populafiantuations, interspecific and

ecological dynamic&lthoughin situmeasurestrialled the creation ofEuglandinaexclusion
reserves, a strategy pioneered by the Partiidgramme and further evaluated on Hawaii
these have not proved practical long teand anyway would be ineffective against

Platydemus

Fromthemigv py n & G KS t I NI d=gianeonseN@tign\effodsh&e@ a A Y
developed througHive distinct but integrated phases, which can be summarised as follows:

Crisisrescue phase (1984 1996)

This initial phase involved a succession of fieldwork (largely implemented and supported by
programme member institutions) in French Polynesia on most of the Society and Marquesas
Islands predominately aimed at rescuing populations of threatened partpédiss before
Euglandinaswept through their range valleys. This crisis necessitated the establishment of
an international breeding programme whereby 25 partulid taxa were taken into
management facilities in North America and Europe. This programme aestio maintain

a large number oPartulataxa in closely managed breeding groups.

Investigating predator spread and practical protection (19§2003)

The second phase (again led largely by programmamber institutions) involved a series of
more intensve surveys on the principal range islands, to determine the extent of predator
invasion and its impact on the native mollusc fauna. This work, carried out in close
collaboration with a wide range of partners in the local community, confirmed thaf 1%
rescuecollectedPartulaspecies were extinct over their natural range.

This phase also saw the development, testing and construction of predator exclusion

partulid reserves (measuring 20 x 20 m?) in forest natural range habitabughout this

period thereserve strategy remaad the most practical measure to address tBadandina

threat to the surviving endemic species. tildd be used to ringence surviving wild

populations, or to reestablish species lost from their natural range using the EEB&Rd

breeding programme population§g 2 & dzOK NBaASNIBSa o00GKS ¢2NI RQa
wereO2y a i NHzOGSR 2y a22NBlF YR ¢FKAGAT gAGK 1
Hawaiian Islands using the model developed on French Polynesia.

12
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Moorean siail reservein 19% (Dave Clarke/ZSL)

Developing a conservation management strategy for the region (22814

If the first two phases were a combination of crisis rescue collections and associated

predator impact research, this third and most significant phase addresses the future
conservation requirements of the region through the development of a formal regional
conservation management strategy for the French Polynesian government.

Since the mid 1998 Dr Trevor Coote has been the principle investigator of the endemic

snail extinctions and developing the potential for predator exclusion reserves in French
Polynesia. This sustained conservation effort has forged a conservation alliance with local
communities and key government agenciésKk SaS Ay Of dzZRS f I 5ANBOGAZ2Y
de Polynésiérancaisgla Délégation a la Recherche, le Musée de Tahiti et sess \gtlfare

and artisan NGOs, landowners and individuals living in and using forest habitats in key

endemic species areals1 2003 the French Polynesian Environment Ministry (Direction de

f QIYPANRYYSYSYy(d RS t2feySaiSidCondeyatdni a S0 | yR
Programme commenced an ongoing collaboration to deveimpdand implement a

O2yaSNBI GA2Y YIFylFr3SYSyid adaNrdS3ae F2NJ 6KS NB13
montane forest habitat. An intensive set of field survey work resulteitie Conservation

' QGA2Y tfly FT2NJ GKS f2y3 GSNY LINRGSOGAZ2Y 27F
endemic tree snails of the genera Partula, Samoana and Trochom(@pbte 2005). The
implementation elements of the Action Plarere being redised through the ongoing

collaborate efforts of the FP Environment Ministry and the International Partulid

Conservation Programmend the Action Plan revised annually to take account of

developments

Active re-introduction (20152019)

The fourth phasesithe process of the actual field reintroductions. In 2012 the first predator
exclusion reserve was constructed in Te Faaiti Valley on Tahiti. At that time this was the only
strategy on the table for the reintroduction into the wild Bartulaspecies maitained in the
breeding programme. However, this strategy was quickly superseded and then discarded in
the light of important observations in the field. The first was the discovery of surviving
populations ofPartula claran Tahitian chestnut trees (map#) valleys invaded by
EuglandinaThis offered the possibility of large trees acting as refuges from predation, their
dry, dusty trunks acting as considerable deterrents to what were basically ground predators
in moist habitat When the first stock of three specieskdrtulawere released into the

reserve in 2015 after taree-yeardelay, a simultaneous control experiment of releasing
Partula nodosalirectly intomapetrees in another valley took place.

13
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The second importanibservation was that the snails released into the reserve quickly died
out in testing conditions but those released into thiapetrees rapidly dispersed into the
higher branches, with apparently low mortality and newborns observed. In contrast, it was
evident that, in addition to its failure to keep the snails alive, the almost prohibitive
consumption of resources in terms of cost and labour required, its inaccessibility and
impracticability to be extended to other locations on Tahiti (and certainly ottieraslands)
meant that the strategy of releasiriRartuladirectly into trees was the only realistic option
available.

Over the space of four years there have been six shipments from Europe contzeaityg
9,000individuals of 11 species and one subsps (12 taxa) dPartulathat have now been
released onto three of the four target islands. The releases have all been followed up by
intensive and regular monitoring. Although the snails have, in the main, quickly dispersed
into the trees where they wereeleased, evidence from dead shells suggests that mortality
has been low. A few individuals (colemarked by year) of some species have been
recorded the following year, and some early recruitment observed. The one negative aspect
was the unexpected logs at least half of the three species released onto Raiatea due to
predation byPlatydemusnanokwari Subsequent research showed that the flatworm was
also present at every release location on Tahiti and Moorea but haddjgparentimpact. It

is most ikely that the invasion on Raiatea was more recent and surveys on this island and
Huahine did demonstrate that density of flatworms on these islands was indeed more
severe.

,

(Dave Clarke/ZSL)

k

Release oPartula hyalineon Tahiti 2016

Postrelease (2Q0-)

Smaller releases &fartulawill continue into the near future but further surveys to

determine the status oPlaydemu®n both Raiatea and Huahingll be carried out in 2019
before any releases onto those islands will take place later in the year. A workshop initiated
by the French Polynesian environment department is planned for August in 2019 to clarify
the respective roles of both the zoo commiynand the local government in the future of
Partulareintroductions, continual monitoring and hopefully, reestablishment.

14
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1.6Diet and feeding behaviour

Wild partulids are principally detritivores, feeding on a range of different decaying plant
materid from both endemic and introduced species. Some species are associated with
specific plant habitats, whereas others are herbivorous generafistdMooreaHibiscus
tiliaceous(purauin Tahitian)s the species most often associated withrtulafeeding
habits.Many species were found living in standsdanbing pandanu&reycinetidampavida
OAUS)whiéh traps leaf litter from theHibiscusanopy.In comparisonPartula rosedrom
Huahine werausually found high in the leaf whorls ofr®apine treesPandanugectorius
(fara), with no direct upper canopyhe snails remain fastened to leaves during dry periods
but emerge to feed and mate when it rains, mostly at night.

The chemical componentd the dried outer stalk layer of fieletollectedH. tiliaceouhave

been analysed in the laboratargnd gave 9.6% moisture, 6.4% ash, 1.8% protein and 1.1%
fat, 24.4% crude fibre, with carbohydrates assumed by difference to be §8R8%report,
1991) Awider range of partulid associated Polynesian plants have also been analysed.

Gerlach did a study in 2014 looking at the gut contents of alcohol specimens collected from
a22NBlI Ay (GKS mopcnQad { I YLI Sa FNRY four aLISOASA
main ecological groups, with some overlap: detritivores, omnivores, plant grazers and fungal
feeders. The surviving species in the captive prograntoteveana, mooreana, taeniata,

suturalisand mirabilis) mainly fitted the detritivore group.

One species on MooreRartula exiguawas the only known partly predatospecies of
Partula eating other snails (Johnson et al, 1993). It is possibldaigersnails do
sometimes eat newborns, perhaps maintyre-ingest calciunfas evidenced by otherwise
unexplained disappearance of newborns in containersaptivity).

1.7 Reproduction

Most species are crogsrtilising hermaphrodites, with sefertilisation relatively rare. The
overall rate of selfing dPartula taeniatain the wild was estimated from allozyme studies to
be only about 2%, though this could reach 20% in the first group of young (Murray and
Clarke 1976a). IR. suturalisrom Moorea selfing occurred throughout life at a rate of about
2%. InP. gibbeof Saipan, where sefértilisation is the normal reproductive strategy,
crossing has, nevertheless, still been detected.

1.7.1Gestation period andffspringsizénumber

The family is named after Partutdhe Roman goddess of birtAll species of partulid are
ovoviviparouswith 1-2 mm newboris growing to adulthood in as little as@months
(Johnson et al. 1993palthough larger species are known to produce young up to 5mm in
shell length and can take up to a year to matudsual only one baby is produced, but
occasionally twins. Several young may be present at different stages in the ovidua, with
gestation period of approximately 3 months, givargaverage reproduction rate oftiirth
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per month Murray & Clarke 1984Reprodiction is yearound butmay be influenced by
wet season/dry seasqralthough thsis generally minima{Trevor Coote, pers comm

Note that eggs are occasionally produced, but these are normally infelélelopments
with no visible embryo, aremnantsof egg shell may be seen around a presumed premature
birth.

1.72 Developmental stages to sexual maturity

Growth from newborrto adult is continuous, with shell shape changing dependant on the
species. All stop growing in size at adult, with most species (particuldbrinlg forming a
thickened lip around the shell opening defining maturity.

In captivity four developmentatageswere definedat the start of the formal breeding
programme particularly when it was important to monitor growth and keep separate
generations. These categories also used to help identify agd wild specinens.These are
generallyidentified & follows although they do depend upon species size

Development stage Detailed explanation
Newborng Freshly born snails can vary in size within
Any snail below 5mm in shell length. species but particularly across species.

As individual snails cannot normally be
ARSYUAFTASRE WySgozN
capturing all snails which are close to

neonate.
Juvenileg Once 5mm or above all snails hasreown
Snails with shells of 5mror over, but not | some developmengrowth beyond
yet definable as Subadult. newborn. The juvenile stage captures any

snails between newborn and close to
reproductive stage.

Subadultc It has been important to identify snails
Snails of close tadult size for the species, reaching maturity, but not yet able to
but with no shell lip. breed, particularly when keeping separats

generationsSize of subadult is entirely
linked to expected adult size of each
species, so can vary from 10mp80mm. It
is a short stage but helps define large
juveniles close to reaching adult stage.

Adult ¢ Fully maturePartulasnails usually have a
Snails with a visible lip on the shell. thickened edge to the shell opening,dn

the shell stops growinmp size This is the
only reproductive stageSnails are classed
as adult as soon as the lips starts flaring ¢

16
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from the whorl, as full thickening of the lip
is usually very quick (within 1 week).

Partula mirabiligl-r) adult, subadult, juvenile, newborn

Underside ofartula tohiveanadult (left, with lip) and subadult (no lip)

Although generally this applies to all species, there are some caveats. For exatmgie,

this system was firdtnplemented,all captve species did not give birth to young above 5mm
in shell length. This chandevhenP. fabawas first collectedas this large species was able

to produce young oaround5mm (although sadly this species has not survived long term).

17
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Also, some species haadip which does not flare outwards that visibly but is clearly
thickened when viewed from the underside of shell apertqexamples aré’artula
navigatoriaandP.garrettii.

1.8 Behaviour

1.8.1 Activity and locomotion

In dry weather partulicsnails seal themselves to their substrate but emerge and are more
active after rain especially at nightvhen they tend to move from resting underneath leaves
to actively foraging

Experiments have determined the rate of dispersdParftula taeniataat a mean of 2.8m (SD
1.6m) movement from the sites of their original capture (Murray and Clarke 1984) after 5
years. The maximum recorded gene flow measurements of 10 m after 1 year, and 27 m after
13 years have been obtained. These measurements confitheetypothesis of very small
neighbourhoods approximately 200 rh Accelerated range expansion has occurred through
the establishment of populations by rare lodgtance movements (passive dispersal)

(Nichols and Hewitt, 1994IRecent reintroductions tothe wild have shown strong upward
dispersal after release (Coote et al 2019).

1.8.2 Predation

Natural predators of Partulid snails would have been few but included native birds and

lizards. Polynesians used to collect the snails for ornaments suctchisces knowim

Tahitian &hei®> odzi GKSNB 61 a4 y2 SOARSYyOS 2F (KAa &
The introduction of alien predators has been the main recent threat (see 1.5).

1.8.3 Social and sexual behaviour

Snalils of several speciesPartulaused to be found iweryhighadult numbersin suitable

habitat before theimpactof predators with densities of 2(per metre(Johnson et al 1993).

In contrast someSamoanavould only be seen individually or in small numbers, however

this may be linked to them being more montane. Young stages were rarely seen, especially
newborns, whiclare obviously harder to observe but alsibher hide effectively in foliage or
were moreelevated.

Where different species were found in the wild, they were rarely found together, with the
expectation that each had some subtle preference for niche usageaximum of three
sympatric species were found on Moorglmhnson et al, 1993)

Matingd SKI @A 2dzNJ A& &AAYAT I NI 02 20KSNJ G§SNNBadNRI f

R I N8 & 6bserved in many other famili€ourtship behaviour has been described by
Lipton (1979) and Lipton and Murray (1979)
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Section 2: Management in Zoos aAdduariums

Partulid species and stgpecies maintained in the International conservation breeding
programme (as of January 2018):

Taxon and original island of Year of original

collection field collection Origin of stock
French Polynesia

Tahiti

Partula affinis 1995 Baie Pierere, Te Pari (Tahiti Iti)
Partula hyalina 1987 + 1995 Tahaute Valley, Mix

Partula nodosa 1984 Papehue Valley

Moorea

Partula mooreana 1985 Atimaha ridge, Maatea Valley
Partula mirabilis 1984 + 1985 Mix

Partula suturalis vexillum 1982, 85, 86 Atimaha ridge, FareaitoValley, Haapiti Valley
Partula suturalis strigosa 1980 + 1985 Hotutea Valley, Maatea Valley
Partula taeniata nucleola 1981 +1982 Faatoai Valley

Partula taeniata simulans 1982 + 1986 Haapiti Valley, Hotutea Valley
Partula tohiveana 1982 Fareaito Valley

Huahine

Partula rosea 1987 Mahuti Valley

Partula varia 1991 + 1994 Mix, Fare Valley

Raiatea

Partula navigatoria (prev.

dentifera) 1991 Hamoa Valley

Partula hebe bella 1991 Hotopuu Valley

Partula garretii (prev. tristis) 1991 Tevaitoa Valley

The captivemaintenance opartulid snails has evolved over time irttee main

recommended procedure as follows. Although some experimentation has taken place, the
snailsdo seemsensitive to change, and therefore caution is advised with any deviation from
this procedure (which should only be considered with agreement from the species co
ordinator). The current protocols have worked very well for the majority of species so should
be adhered tg unless agreedxperimentationwith snails deemed as excess stock.

b23GS 0KSaS AyliSyarodS WENIAFAOALIEQ NBINRY3
term (several decades without supplementation from the wild) for most taxa. The snails
have never thrived in naturalistic enclosumg.with plants and soil subsdte, andthere

has been very limited success with releases into bitype forest displays, but no long

term survival.
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2.1 Enclosure

Although populations of snails are maintained in a numbendividualcontainers a key
enclosure consideration ii¢ wider room environment in which they areeld. Ideally this
should be a dedicated animal room capable of providing the required temperature and
humidity range (24 n 6 /  k 80% respactivelySee 2.1.4 foenvironmentdetails.

It is recommended theoom where the snails are heldssltcontainedfor maintenanceand
improved quarantinewith shelving racks, worktopdedicatedequipmentandspare
container storageind a sink/drainer plusoom fora dishwasherThe room should have a
threshold to albw suitable quarantine, with isolation from other species (particularly
molluscs) and use of lab coallpossiblethis facility should be on display, where the public
can see the snails and staff maintaining them, with interpretation to explain thg.gor
variety ofsuitable graphic information is available to shasee EAZA Committéer
assistance.

Room design should also consider details such as hassity cleanedurfaces for
sterilising. Thdloor should beof | W tn&eFialsOch as linoleum, rather than stooe
concretewhere a dropped snail is more likely to be damaged on impact.

Individual exclosure design has evolved greatly from the initiatbalsed keeping system of
small plastic sandwich boxes (11cm wide by 17crg lmn5cm deep). Although these units

are still used in a small number of casebére very smalbopulations are being maintained)
comparative keeping trials have resulted in the current standard aquarium glass tanks (3mm
glasswith simple silicon sealambins). The two main sizes in use d@em long by25cm

wide by 30cm high and the larger 50cm long2%¢m wide by 30 cm higithe former size is
designed to allow a good fit of standard hygiene roll tissue to make maintenance easier.

Standard glastanks with clingfilm top and two feed platas Bristol and London

All containers of snails should be clearly marked to identify the populations they hold. This
should include the enclosure numb&iMSgroupnumber,species ofartula, and any
further useful information. This should of course be linked to the ZIMS records.

It should be addedthere have been times when populations of some species have been
high enough to allow experimentation with releases ibtome-type areas. This has not
proved very successful long term therefore this option is not discussed in detail here.

20



2019 Partula sp_EAZA Best Practice Guidelines

However this has allowed some observations of snails in seahiiral conditions
(particularly see Peareelly et al 1995).

2.1.1Boundary

In addition to being ablelicmbers, newborn snails are only a few mm long and therefore the
tanksneedto be escaperoof. Aclingfilm cover over the top of the tank prevents escape
and helps to provide the micrbumidity conditionsThe same procedure applies for the
Perspex boxewith the exception that the Clingfilm is placed on the open front of the
upright box.The clingfilm must bef a type idetified by the food safe symbol, and semi
LISNYSFotS WoNBFGKFIofSQ (GelSz y20G 2dzais LI I adAa
easiest to use (see product list). THmgfilm needs to besealed albround the outer edge of
the tank but care should be taken not to ovgghten which can lead to splits at the glass
edges or tears in the perforation jaifihe clingfilm can be rased and part rolled back when
servicing, but normally needs replacing to remawsgld-up of slime/faeces after a few weeks
dependant on stocking levels.

Care needs tbe taken when servicing the container or counting the snails (especially if
placed out on a worktop surface) as they can be surprisingly speedy and zip off while your
back is turned

2.1.2Substrate

The bottom of the standard glass tank has four layerzuliy tissue roll ¢ften called
hygiene rollR302 or equivalent). The sihplastic box containers are provided witlsianilar
tissue base folded to size to create the same 4 layersingite lab box type tissue (which
typically measure 20 x 20cm) repeatedly foldedasto cover the base of the upurned box
(see photo).

Box type containerswith tissuebase
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Caution:As the snails will ingest some of the tissue substrate, care should be taken to avoid
use of perfumed or printed pattern varieties.

The tissue substrate needs to cover the entire base of the tank (or box$ alagnpened
with the same filtered tap water which is used for the diet make up (see 2.2.4) to a
saturation level that is damp to the touch but not sodden. If the tank substrate tissue
appears too dry itan begiven a sprayn betweenfeed change tims, but if too wet the
base tissue should be changed

2.1.3Furnishings and Maintenance

Other than the two Perspex food plates (see 2.2.3 and above photo) the only other
furnishing is a small shallegided Petri dislfusuallyscm diameter dishedp keep the

cuttlefish bone off the damp substrat¢his can also be givdrles cut out of the base, to
facilitate drainage from accidental spraying (see 2.2.2). The food mlatelso provide
additional climbing and retreat areas. As the snails are arbangzature they will tend to
favour the sides and top of the containers so what might at first appear to be a sparse and
artificial set up does in fact allow the animals to express their natural climbing behaviour (in
nature this would most often on thendersides of smooth leafed plants) and provides the
required smooth surface for the snail to adhere to when resting.

Often the snails exhibit thigataxis, where they prefer to be in contact with another surface,
so will congregate at tank corners, undeod plates or touchngeach other. This needs to

be born in mind when servicing and they can also sometimes rest within the tssitiés

best to press down the edges of the tissue baseetaeve small snails hiding in this way and
avoid thempotentially being accidentally thrown away

Maintenance guidance

Collections do vary with exact details of how the snails are serviced, so general details are
given here. It does appear the snails are sensitive but do get used to a routine way of being
maintained. Thereforeas long as a particular method works at an institution, this is fine. The
programme ceordinators would prefer that any major changes being considered are
discussed before implementation.

It is recommended thenclosures aréed and given dasicclean at least twice a week, with
smaller plastic boxes best servicedeh timesweekly. The cycle is basically cleaning the
enclosures, damping new tissue and replacing the food, then letting the containers naturally
dry out before servicing agagithis mimics periods of rain and dry the snails would
experience in the wildSome collectionsnly change the base tissue once a wgakt

replace the foodplatesnce or twice in between, to minimise disturban&ee Appendi®

for a detailed example & daily servicing regime.

It is important hands are thoroughly cleaned and rinsed before maintenance (see Zlte2).

snails are very delicate and newborns small, therefore using bare hands ra#imeglthves is
preferred.
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i
[

LAS 5/
Snail servicing d&dinburgh Zoo (Ross Poulterf&)

The sides of the containers do not need to be thoroughly cleaned each time. They can be
given a basic wipeith damp tissuefor example properly cleaning about half the panels.

This prevents too much disturbance of theads and they argsometimesseen to eat faeces,
which may allow reassimilation of gut floraNote the buildup of transparent slime on the
glass needs to be removed, not just the faecd¥ben snails are moved for cleaning, thean

be placed on a piecefdissue or, to prevent ovehandling of young, put in a petri dish which
canthen easilybe placed back in the tank to allow them to move off themselves (this can be
particularly useful when counting).

Partulasnail reingestingfaecalmaterial in capivity (Dave Clarke/ZSL)
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Containers should be given a thorough clean approximately once a month, to remove all
build-up of faeces and slimé&his can usefully be carried out at the end of the month when a
thorough count is madeChemical detergents can lised but must be thoroughly rinsed
afterwards or very hot water can be adequatSteam cleaners (which if suitable could
remove the need for any detergent use) asobeing investigated.

Basic srvicingfor a small number of containers takes a relatively short period of time given
the overall number of animals, each tank requiring only about 5 minutes. However, when
you consider preparation, especially diet, and regular thorough counting of the snails and
record keeping, this can mount up. When keeping a large numbeomtainers,t becomes
quite a commitment, as care &fartulapopulations can take several hours32imes per

week, and this needs to be apportioned for.

Once again natural substrates aretmormallyrecommended in captivity, unless the snails
are part of an agreed triafor examplan a biome exhibit.

2.1.4AEnvironment

Environmental parameters are extremely important for all molluBestulidstypically come
from montane rainforest arem where temperatures are cool tropicakgerience has shown
that in captivity,keeping the holding room environmental conditions within a temperature
rangeof2cHne/ YR | Kdz¥Y80R pradicesNte yest®ackydund n
conditions forthedarhJSyY SR (A &adzS O2y (il Ay S N&virdntenBISy S NI § &
conditions. Shorterm fluctuations either side of these background ranges can be tolerated
without undue stress but are to be avoided over sustained perilbds recommended the
temperaures stay as stable as possibMasolute range beyond which snails are likely to
suffer are below 18 degrees at andabove 28 degrees centigrade. Nakat just after
servicing the internal humidity in the containers can go to 99%, but this naturalbs @ver
time due to the sempermeable clingfilm.

It is also acceptabland indeed recommendefibr the substrate to become relatively dry to
the touch by next service peripdsually after a few days

Temperature in the breeding room can be controllgddomestic air conditioning systems
with suitable themostat control, ideally in tandem with humidification, as air conditioning
tends to dry the atmosphere. An active form of chilling is important where background
temperaturesmay become higlke.g.in the summer months, but where this is less of an
issue just basic heating can be provided (as at Edinburgh Zoo).

Temperatures should be monitored daily by checking a min/max thdmwygomometer so that
any issues can be corrected #ilyi Ideally an electronic datalogger should be used in the
room to give a graph reading (data from which can also be uploaded to AZIMS3nails are
precious enough to consider remote environmental monitoring systems to alert any system
failures.

Some ventilation for the room is required, although should not overly compromise
environmental control.
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Lighting has not proved a known issaed the snails are normally nocturndlidgenerally
recommendedor invertebratesthat full spectrum lightings provided, with a 12:12
photoperiodfor tropical species;ontrolled by timer Partulado well under relatively

subdued lightingfluorescens being adequate and low temperature. T5 is recommended to
avoid any flicker affecFor exampleat ZSLLondonZooa room 3m x 3nmasthree Arcadia

full spectrum 6% UV luminaire units of 39 watts across the celiagiever,EdinburghZoo

use no full spectrum and only lighting, and the snails do very Wa#ite may be species
specific variables yet to laetermined.An additional room light may be considered
beneficial for servicing.

It is important to prevent any contact with chemicdanersas the snails are very sensitive
to contamination. Any use a@leaningchemicas must be minimised & thoroughlynsed
afterwards.

2.1.5Dimensions

The two mairglasgank sizes in use addcm long by25cm by 30cm highand 50cm long by
25cm wide by 30 cm high. The standard small plastic boxes sigpriex.110mm wide by
170mm long by Bmm deep with an intermeliate box size o£60cm wide by280mm long
by 90cm deep(boxes supplied b$tewartsPlastics, see Appendd).

Stocking densitgan beup to 50 adults and associated young in the tanks, dependant on size
of species. Therefore, for a small partudjplecies there can be up td.50 snais per tank,

however this can mean more frequent cleaning is required. In contrast the smallest box may
only be suitable for up to 5 adults atigeir young.

2.2Feeding

2.2.1Basic Diet

The recommended EAZA regiontdseas follows:

1 Grass pellets 300dp¢ygrasd.td - 25% oil, 16% protein, 25% fibre, 9% ash).

1 Oats 300g

1 Trout pellet 150g\{extraTrout Intermediate 3mm18% oil, 45% protein, 2% fibre,

8.5% ash)

1 Cuttlebone 1509 (only the clean inner part is used).

1 Stressnulti vitamins 25g (see supplements notes).
The diet is reduced (one ingredient at the time) in a coffee bean blender to a fine powder
and then combined. Providing the diet is kept dry in a sealed container the prepared diet can
be stored for up to six nmihs. Use by dates should be monitored for all individual
ingredients are replaced as necessary.

The required amount of dry diet is mixed with filtered tap water to create a runny paste
usually using a spatuldhis is then left for five minutes to absorb liquid after which more
water is added to reform a runny paste. For the plastic box keeping systmall amount
of diet is smeared directly onto one of the upright sides.
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There are problems obtaining sorméthese diets in the AZA region and the following
alternative diet has been used for many years:

1 Trout Chow 1.5tsp

1 Bone meal 3tsp

 Dried nettle 3tsp 0ySUGfS KSNbhkaiOKI St Qa
1 Quaker rolled oats 3 tsp

1 Stress supplement 25mgs

1 Vitamin E (Hdann Labs) 20mgs

As mentioned above, snails will often also ingest tissue from the food plates or enclosure
base. This is basically cellulose so is not a cone#though it is important to ensure
uncontaminated tissue issed andbe aware that any excesating of tissue in preference to
diet may indicate an issue

Vegetables €.g. lettuce, carrot) are known to have been taken by the snails but are not

KSN

generally recommended. The diet above is designed as a complete food, and fresh vegetables

can introduce the risk of chemical contamination.

Extracuttlefish bone isalsoprovided to enable the snails to obtain additional calcium if
needed.Generally, this is readily taken by the sndtlss important to use good quality
cuttlefish bone with the outer surface removed to reduce bacterial growth. The cuttlefish
bone should be changesleekly, particularly if well chewedA cut piece approximately
20x10x10mm can be provided per tank, and it is recommended that cuttlebone is placed on
a shallow plastic distather than directly on the wet tissue, as it absorbs water.

2.2.2Method of Feeling

Depending on the population of the containéne required amount of paste is spread onto
the food plates orbox sideusing a spatula Care should be taken not to spread the paste too
thickly as this can result in fungal growth. Feeding is reconde@io be every second/third
day butnot normallyany longer to prevent spoiling.

Two feeding methods are currently used in the tank systdsoth using acrylic food plates
of 5-6mm thickness, usually 280mm by 130mm (although larger 320 mriGtave dso
been used)

a) Paste is spread onto a singleece ofdampened tissue (same type as the substrate
tissue) that is placed atie feed plateand positioned ononeside of the substrate.

The second feed plate is placed on the base piaten the tissueclose to it(to avoid
slipping on the base plat@)nd lent against the tank wall. The tissue is cut to ensure a
gap ofat leastone centimetre between the edge of the tissue and the edge of the
acrylic. This reduces the risk of food transfer to the sulbbstra
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b) As above only withoutisingtissue substrateinder the foodWhen no feed plate
tissue substrate is used the diet needs to be a little thicker to prevent run off.

There are differing opinions on whether it is necessary to use tissue under the food on the
plates, although it probably helps keep the food damper for longer, it also adds time to
overall food preparationOften snails consume quite a lot of the tissueanteeding, which
appears to do them no harm, as it is primarily cellulose anyway.

Heavily chewed tissue WBartula mirabiligDave Clarke/ZSL)

If a large amount of diet is prepared, it is best to remix from time to time, to kelelended
(some elemats can start to drop to the bottom of the dish).

Foodplates can be communally soaked in standard Milton solution for sterilisation, then
washed in a dishwasheith no detergent &70° intensive washAs theplatesare reused in
different enclosures each time, this helps minimise potential spread of disease.

The only other furnishing the small Petri dishused to keep the cuttlefish bone off the

damp substrateThe shallow lid or deeper base can be used, depatdn the size of
shails/container. This can also have a fesles cutinto the baseto provide drainage
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2.2.3Water

To avoidvariabledirect mains water qualityit is recommended to use filtered water using a
standard domestic water filter unit e.&§ritaQvater filter (a large capacity versiang.the
yoH fAGNBE WTE 26 Q)osSidthldrigisihg daon Miisr@@ayh¥dSo/mMaidR
supply It is best to use freshly filtered water rather than leftany containersor several
days in a \arm room, where bacteria may multiply. Water should be allowed to reach the
room temperature before use in tanks or diet.

2.3 Social structure

2.3.1Basic Social Structure

See section 1 for comments on wild structulre captivity, partulid snails will live in groups
ranging from a few animals to over 100 individuals of miagd classes. No aggression has
ever been observed although overcrowding stress cannot be discounted (especially in the
context of higher infectiopotential).

The significance of density related factors such as increased slime trails might be an
additional group benefit (for instance assisting new born snalils to locate feed areas) which
needs further investigation.

2.3.2Changing Group Structar

In addition to birth, death and growthelated fluctuations in the resident populations,
immigration and emigratiogan beregular features of the optimum population

management protocolMixing populations can introduce fresh breeding opportunities but
also risk introduction of disease. Transfers will normally need ratification by the speeies co
ordinator.

2.3.3Sharing Enclosure with Other Species

At the room level it is very important not to have any other faartulid mollusc species in

the same ara. At the individual tank and box level there should not be any other species.
For research trials surplus partulids have been released into greenhouse condition
environments (including exhibits) which can include other species but such populations are
considered separate to the commanaged programme populations and should not be
transferred back to core populations without prior discussion with programme coordinators.
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2.4Breeding

2.4.1Mating

Few courtship observations have been recorded eithahmmfield or in captivity although
direct mating is often seem enclosures with good numbers of adulkdating occurs more
frequently at night (the main activity period) but can also be observed during the day
especially after the enclosure has besarviced with resultant elevated humidity leveBelf
fertilisation is also possiblege Biology Data sectidor further details.

Partula navigatorianating in captivity (Dave Clarke/ZSL)

2.4.2Pregnancyiirth

Young are born to the side of tlaelult and are immediately independent. They are usually
left in with the container population, requiring no special attention other than extra care
due to their small size that they are not accidentally disposed of when serviemghorn
snails, often ont a few millimetres in shell diameter, can be difficult to see amongst the
faeces in an enclosureyen for the most experienced of stasip must be checked for
carefully.

29



2019 Partula sp_EAZA Best Practice Guidelines

Spot the newborrPartula hebX

X &e it now? (Dave Clarke/ZSL)

For this main reason in some cases young may be separated into rearing containers for more
close scrutiny, using the smaller box method. It is however not impossible that some
newborns disappear through cannibalisation.

Asin 1.7.1, eggs are occasiongligduced in captivity but are usually namable. They can
be disposed of and only noted if desired, although a large number of eggs being produced
may indicate an issue.
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