OIEP

[\

OPLI
i

/
Ke » ‘/
PLANTS
>(SSIB

b)Y &
BirdLife




SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Principal Conftributors

Calvin 'Blacka' Fenton, Centre Hills Project, Mont-
serrat

Dyonne Duberry, Department of Agriculture
(MALHE)

Elizabeth Corry, Durrell Wildlife Conservation Trust
Geoff Hilton, Royal Society for the Protection of
Birds

Gerard Gray, Department of Environment (MALHE)
Gerardo Garcia, Durrell Wildlife Conservation Trust
Glenford James, Department of Environment
(MALHE)

James Boatswain, Department of Environment
(MALHE)

James 'Scriber' Daley, Department of Environment
(MALHE)

Jervaine Greenaway, Department of Environment
(MALHE)

Joel Osborne, Physical Planning Unit (MALHE)

John 'Gambi' Martin, (private farmer)

Lavern Ryan, Physical Planning Unit (MALHE)

Lloyd Martin, Department of Environment
Matthew Morton, Durrell Wildlife Conservation Trust
Melissa  O'Garro,
(MALHE)

Murrain 'Mapie' Philomen

Department of Agriculture

Paul Lewis, Cudjoe Head Community Group
Richard Young, Durrell Wildlife Conservation Trust
Stephen Mendes, Department of Environment
(MALHE)

Montserrat galliwasp SAP workshop participants, Brades, Montserrat



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Funding
The development of this plan was funded by:

The Overseas Territories Environment Programme, managed by the UK Foreign & Commonwealth Office
and Department for International Development.

The Balcombe Trust

New Information

To provide new information to update this Action Plan, or correct any errors, e-mail;

matthew.morton@durrell.org
martinl@gov.ms

Recommended Citation:

Corry, E, Martin, L, Morton, M N, Hilton, G M, Young, R P & Garcia, G. (2010). A Species Action Plan for the
Montserrat galliwasp Djploglossus monfisserrati, Department of Environment, Montserrat.

ISBN 978-0-9559034-5-8

First published in 2010 by the Department of Environment, of the Ministry of Agriculture, Land, Housing &
Environment, Montserrat

Produced by the Durrell Wildlife Conservation Trust

Cover photo: Montserrat galliwasp by Agnieska Ogrodowczyk

Acronyms and abbreviations

CHP Centre Hills Project

CEMA Conservation and Environmental Management Act

DOA Department of Agriculture, Montserrat (MALHE)

DOE Department of the Environment, Montserrat (MALHE)

Durrell Durrell Wildlife Conservation Trust

EAZA European Association of Zoos and Aquaria

FWNP Forestry, Wildlife, National Parks and Protected Areas Ordinance
GIS Geographical Information System (software)

GOM Government of Montserrat

IAS Invasive Alien Species

IUCN World Conservation Union

MALHE Ministry of Agriculture, Land, Housing & Environment, Montserrat
MEEP Montserrat Environmental Education Project

MNT Montserrat National Trust

MOU Memorandum of Understanding

MTB Montserrat Tourist Board

MUL Montserrat Utilities

NEMS National Environmental Management Strategy

PPU Physical Planning Unit

RSPB Royal Society for the Protection of Birds

RBG-K Royal Botanical Gardens, Kew

SAP Species Action Plan

SGD St George’s Declaration of Principles for Environmental Sustainability
SIG Species Interest Group



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Contents
Acknowledgments
Foreword
Executive summary
1. Introduction
2. Background information
2.1 Taxonomic status and biogeography

2.2. Distribution, abundance and population tfrends

2.3. Biology and ecology

2.4. Threats, potential threats and limiting factors (problem analysis)

2.5. Protection status

2.6. Relationship with other biodiversity conservation organizations, actions &

strategies
2.7. Stakeholder Analysis
2.8. Factors influencing success of action plan implementation

3 Action programme

3.1. Vision, aim and objectives

3.2. Projects and activities
4 Monitoring and evaluation plan

References

Annex 1: Problemn Tree for Monfiserrat galliwasp SAP

Annex 2: Solution Tree for Montserrat galliwasp SAP

Annex 3. Stakeholder analysis

Annex 4. Facftors affecting action plan implemenftation

Annex b Biology of galliwasps (genera Celestus and Dijploglossus)

Annex 6. Hispaniolan galliwasp Celestus warreni husbanary guidelines

12

14

23

38

39

40

40

41

41

47

68

69

76

78

80

82

84

96



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Acknowledgements

The authors of this plan would like to thank all the people of Montserrat who helped bring it to fruition, and
especially all of the Species Action Planning workshop and focus group participants. These people are all
listed under the Principal Contributors of this report. In Jersey, Great Britain, much appreciated support
came from Drs. Andrew Terry, John Fa and Javier Lopez at the Durrell Wildlife Conservation Trust.

Dale McGinnity and Professor Harry Greene kindly offered their thoughts on the work and the wider issue of
galliwasp biology, and supplied useful additional information and illustrations. Drs. Scott Pedersen and Sam
Turvey also helped us track down some elusive references. Agnieska Ogrodowczyk, Kevin Buley and
Bridget Beattie kindly allowed us to use their photographs of the Montserrat galliwasp.

The development of this plan was funded by The Balcombe Trust and The Overseas Territories Environment
Programme (OTEP), managed by the UK Foreign & Commonwealth Office and Department for Interno-
tional Development. The patience and confinued interest shown by Steve Arthur at OTEP were much ap-
preciated.

One of us, Elizabeth Corry, was charged - along with Montserrat's Department of the Environment - with
undertaking the six-month field-based status assessment of the Montserrat galliwasp that immediately pre-
ceded, and supported, the development of this SAP. Elizabeth would like o extend some special thanks to
the many people who made that field work possible, as follows:

I would especially like to thank Llioyd Martin for his assistance with the field work, organisation of
the support team, and persistence with the seemingly impossible.

| am very grateful to Scriber, Boatswain, Big Lloyd, Glenford, Jervaine, Blacka, and Mapie for
their assistance in the field, as well as their generosity and support throughout my time in Mont-
serrat. | left Montserrat with not only new friends but an extended family. | am equally grateful to
Steven Mendes and the members of the National Trust for their support in the field and the use
of their offices.

I would like to thank ZJB Radio and the Monftserrat reporter for providing fee media coverage
during the project and supporting the Galliwasp. | am also grateful fo Dyonne Duberry for sup-
plying soffware and technical support.

Finally, a special thanks to John and Bridget Beattie for permission to survey on their property
and for the knowledge and assistance they provided throughout my stay. | am also grateful to
the people of Montserrat, in particular Dulcie James and other residents of Woodlands Estate,
for their cooperation and support.



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Foreword

At Home in the Cenire Hills

It is some three years since | made my home in Woodlands, in the foothills of the Centre Hills. It is awe inspir-
ing. it is magical. The first week of exploring my garden | uncovered a rock, part of a stonewall. | saw small
reptiles darting from under the rock going in separate directions. | did not recognise the species and went
searching in various books trying to identify it. These were similar fo lizards, but small and brown with no legs
or arms. It was some weeks later before | found out they were young Montserrat galliwasps, a very rarely
seen and poorly documented species.

During the next few weeks | saw a small number of galliwasps, from distance, but sadly as | made myself
more at home, they made themselves scarcer, and no doubt the arrival of my two dogs from Montserrat
Animal Protection Society’s dog shelter did not help.

The Hills contain many interesting habitats and animals. From the large nocturnal gecko (locally known as
a wood slave) to the tiny pygmy gecko, the Montserrat oriole and, of course, the elusive Montserrat galli-
wasp. In trying not fo change the terrain where | now live, but make it pretty enough to be bring a differ-
ent kind of wonderness from the immediate surroundings, | realised there were also many species of plants
shrubs that were not known to me. You only have to walk a few yards from the residences at Woodlands
to feel as if you are in a different world.

Again this is the wonder of Montserrat and the Centre Hills. It is place that we are to treasure for genero-
tions to come. We must all learn to respect the environment, we must also be mindful that animals we do-
mesticate do not in time destroy the natural habitat of the Centre Hills and endanger species such as the
Montserrat galliwasp which could so easily be lost fo us forever.

The efforts of this project, sponsored by the UK Government’s Overseas Territory Environment Programme
and the Balcombe Trust, and all those who have worked on producing this plan, are vital. But most of all, it
is the residents, present and future, of Montserrat - and especially Woodlands - whose support will be es-
sential if we are to save animals like the Montserrat galliwasp.

Dulcie James
Woodlands resident
Montserrat Animal Protection Society
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Executive summary

The Critically Endangered Montserrat galliwasp is found only on Montserrat and, even here, is known only
from a finy area - Woodlands Estate - of a few hectares. With funding from the Overseas Territories Envi-
ronment Programme (OTEP), this SAP was developed at a participatory workshop in Montserrat, as a five-
year plan of action to ensure the future conservation of the mountain chicken. The workshop was at-
tended by Montserration and UK experts and other stakeholders. The workshop was supported by an in-
tensive field effort to assess the status of this species in 2007-08. Its biology and ecology, however, remain
largely unknown. Consequently, this Species Action Plan (SAP) also assesses findings from a review of all 44
known galliwasp species in the hope of gleaning additional insights intfo the requirements of the Montserrat
galliwasp and the threats facing it.

The SAP summarises the current state of knowledge of the Montserrat galliwasp's population status, taxon-
omy and ecology, and of the threats facing it, making inferences from what is known of the biology of
other galliwasp species when little or no data on the Montserrat galliwasp is available. The plan describes
the institutional framework for conservation management in Montserrat. It lists the key stakeholders in the
Plan, and the opportunities for, and threats to the Plan’s progress. A Problem Tree and Solutions Tree are
used to describe key problems affecting the species, and their solutions. Finally, the vision, aims, objectives
and activities of the Plan are reported. Each activity has a responsible institution(s), an approximate cost-
ing, and a fime-frame.

The Montserrat galliwasp's Critically Endangered status is conferred by the species' tiny global range, at a
single known location. Threats are not known, but potential threats are discussed in detail in this SAP. It
seems most likely that the most important threats to the survival of this species are the depredations of in-
troduced predators and the modification and loss of habitat, primarily at Woodlands Estate, for residential
development.

The Plan’s Vision is of “a secure, self-sustaining population of wild Montserrat galliwasps ., co-existing with
people, and nationally and globally valued” Its aim is to " increase the size of the Montserrat galliwasp’s
global range and establish an ex sifu breeding programme” over the next five years. The main objectives,
to be achieved by 2016 are to:

1. Raise national and intfernational awareness of the value and status of the Montserrat galli-
wasp and its habitat to ensure support for, and participation in, conservation activities.

2. Manage the Forest Reserve, plus additional land outside the Forest Reserve - through acqui-
sition and/or agreement - by a community based organization (CBO) facilitated by DOE.

3. Reduce the impact of invasive alien species (IAS) on Montserrat galliwasps is establishing a
fenced reserve free of target species.

4, Establish a captive-breeding programme, with trained staff, in Montserrat with the aim of re-
leasing galliwasps into the wild in Woodlands and/or a second site.

5. Declare a Montserrat galliwasp reserve in the Woodlands area, under the CEMA
(Conservation and Environmental Management Act).

6. Develop a research and a monitoring scheme to underpin management decisions and al-

lows success to be monitored.

It is recognized that the third objective needs to be carefully scoped to determine whether it is financially
and logistically feasible. In the event it proves not to be, an alternative objective of reducing IAS impacts
on galliwasps through IAS control is suggested.
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1. Intfroduction

The Montserrat galliwasp, Djploglossus monfisser-
rafi is a nocturnal lizard that lives in amongst the
leaf litter and rock crevices of Montserrat’s mesic
forest. It is the only member of its family to occur
in the Lesser Antfilles. Since its discovery in the
1960s there have been only twelve confirmed
sightings and almost nothing is known about its
biology and behaviour.

This endemic lizard is currently listed as ‘Critically
Endangered’ (i.e. “facing an extremely high risk
of extinction in the wild” IUCN 2001). This is be-
cause the known population is believe to be only
found within a 1.5ha area, making it one of the
world’s most restricted vertebrate species. Its
highly limited range is likely due to intensive pre-
dation from introduced species such as rats, cats,
and feral pigs. Suitable habitat is also threatened
by encroaching urban development, capping of
stfreams for human consumpfion, and volcanic
activity. Further research on the ecology and
conservation needs of this litfle-known species is
essential.  All  available evidence, however,
strongly suggests the Montserrat galliwasp is on
the brink of extinction and conservation action to
improve its status is urgently required.

A glimpse of a Montserrat galliwasp in the Woodlands
area in 2006, Photo: A. Ogrodowcyk / Durrell

A Species Action Plan (SAP) is a ‘scientifically au-
thoritative, strategic document that defines spe-
cific, measurable objectives and actions for con-
serving priority species. It should be achievable,
time-bound and involve all appropriate stake-
holders’. An SAP aims to increase the effective-
ness of conservation action by taking a strategic
approach to the problem, setting clear, measur-
able targets and involving all relevant stake-
holders.

The Species Action Plan for the Montserrat galli-
wasp was developed at a participatory workshop,
held in April 2008 in Montserrat. A wide range of
interests was represented at the workshop, reflect-
ing the many links between the species, its envi-
ronment, and Montserratian society. Effective im-
plementation of this plan will need the support of
Montserratian government and civic society, with
the assistance of international partners.

- o
The Centre Hills forest after heavy ashfall from the Soufri-
ere volcano, Photo: S.L. Smith / Durrell
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2. Background information
2.1 Taxonomic status and biogeography

The galliwasps are members of the widespread
lizard family the Anguidae, or “glass lizards”, found
in Europe, Asia, Southeast Asia, the Americas and
the Caribbean (JCVI 2010). Their smooth glossy
skin gives them the name glass lizards, with many
having small limbs, or even lacking limbs alto-
gether, and using snake-like movements of the
body to move around. The Anguidae consists of
approximately 120 species (JCVI 201) grouped
info three sub-families: the Anguinae (including
gloss lizards and slow worms), the Diploglossinae
(the galliwasps and glass snakes), and the Gerrho-
notinae (the alligator lizards).

The Montserrat galliwasp, Djploglossus monfisser-
rafi was first described by Underwood (1964) from
a single specimen collected at Woodlands Spring.
Montserrat and is only know from this island. Be-
yond this original description, and a recent note
on a few observations by Ogrodowczyk et al
(2006), nothing further has been published on the

species. Given this paucity of information, back-
ground information was evaluated on all 44 galli-
wasp species in the hope that similarities within this
group will provide some insights info the Montser-
rat galliwasp until such time as more data is avail-
able on this enigmatic species.

It should be noted, however that a dearth of infor-
mation appears to exist for almost all the 44 galli-
wasp species currently described. What data has
been located by the current authors is summa-
rized in Annex 6, with the proviso that access to
some literature was not available to us.

For the purposes of this document, the word
“galliwasp” - of Jamaican origin (Caossidy & Le
Page 1980) - is taken to include all the species of
two of the three genera in the Diploglossinae: Ce-
lestus (33 species, including one extinct species, C.
occiduus from Jamaica) and Djploglossus (11 spe-
cies). These two genera include all the Diplogissi-
nes found in the West Indies. The lizards in these
two genera have limbs, albeit small, whilst the four
species of Ophiodes (glass snakes) that make up
the third genus in this subfamily are near-limbless.

A

Fig 1: Photos fo illustrate some of the larger (“giant”) galliwasps (see section 2.3.1).Clockwise from top left: dotted
galliwasp, Djploglossus millepuntatus, Malpelo Island, Colombia (no credit); A preserved specimen of the extinct
Jamaican giant galliwasp, Celestus occiduus, last recorded in 1840; D. monofropis, male, Central and South Amer-
ica (both photos: D. McGinnity / Nashville Zoo); Montserrat galliwasp (photo: K. Buley, Durrell).



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

During the 20™ Century, there was some uncer-
tainty about which species within Celesfus and
Diploglossus belonged in which genus (Savage et
al 2008) and a number of species are referred to
by different authors in both genera at different
fimes. The classification of Savage et al (2008),
which allocated species according to whether
their claws are sheathed by scales (Celesfus) or
not (Djploglossus), is largely consistent with Hen-
derson & Powell (2009), Hedges (2010) and JVCI
(2010). It is followed here, but with the minor ex-
ceptions noted in Annex 5.

The galliwasps are well represented within the
West Indies, with 21 Celesfus and 5 Diploglossus
species (64% and 45% of each genus respectively)
being found in the region. All of these 26 West In-
dian galliwasps are single island endemics (though
some are found, as well or instead, on offshore
islets of these islands). Some of the Western Carib-
bean islands have multiple endemic galliwasps (12
species on Hispaniola, 8 on Jamaica - one extinct
- and 3 on Cubaq). Puerto Rico and the Cayman
Islands (Little Cayman, Cayman Brac) have a sin-
gle endemic galliwasp each, with the Montserrat
galliwasp being the only Eastern Caribbean spe-
cies. The remaining 18 galliwasps (41% of all galli-
wasps) are found in Central and South America,
many with restricted distributions and one, C
miflepunciatus, being another single island en-
demic (restricted to Malpelo Island, Columbia).

Fig. 2. Montserrat galliwasp photographed at Wood-
lands 2005, April 2005, 11:48. Photo: B. Beattie

Underwood (1964) notes a number of anatomical
resemblances with the Montserrat galliwasp and
the rose-sided galliwasp D. monofropis (Figs. 1, 3).
known from Central and South America, and pro-
poses they may share a common mainland an-
cestor. Hass et al (2001) and Savage et al (2008)
conclude the two major groupings within the West
Indies are the two genera Djploglossus and Celes-
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fus. As the only recorded Eastern Caribbean galli-
wasp, Underwood (1964) describes the Montserrat
galliwasp as a relict and suggests it may be “a
survivor of the pluvial period, which has persisted
in a favourable habitat in spite of the recent cli-
matic changes”. Underwood also speculates it
may once have occurred on other Eastern Carib-
bean Leeward Islands with moist forest, at least
before the infroduction of small Asian mongooses
(Herpestes javanicus), although he presents no
evidence for this.

L t o ; .."Q;.

Fig. 3. D. monfropis, female (see also Fig. 1: male).
Photo: G. McGinnity / Nashville Zoo.

Breuil (2002), however, has suggested that a spe-
cies of Anguid lizard once resided in Guadeloupe
based on his study of the texts and plates of
Rochefort (1658) and Du Tertre (1667). Du Tertre
(1667) described “skinks” on Guadeloupe which
are (in loose franslation)

“fleshier than other lizards have larger
fails, and short legs that they use fo
crawl against the earth. Their skin is cov-
ered with an infinity of small scales like
grass snakes, but they are of a more
yellow colour, more silvery and shinier,
as if they had been greased in oif’.

Breuil (2002) cites Daudin (1802) considering the
descriptions of Rochefort (1658) and Du Tertre
(1667) as being of “a large Jamaican gally-wasp
skink” (see Fig. 4).

In a similar vein, Burton (1711) describes the “Land-
Pike” from Nevis as a

“strange Replile so called from ifs like-
ness fo that Fish, but instead of Fins it
hath four Feet, which are so weak that
they only crawl on the Ground, and
wind thelr Bodies as Pikes newly faken
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out of the Warfer, the longest are about
sixteen Inches and proportionably big,
their Skin is covered with litfle Scales
which shine exfreamly, and are of a
siiver grey colour, in the Night they
make a hideous Noise from under the
Rocks, and the Bottoms of hollow
places where they are lodg'd’ it is more
sharo and grafing fo the Ear than Frogs
or Toaas, and they change their Nofes
according fo the Variety of the Place
where they lurk, they are seldom seen
before Night and when meft in the Day
their Motion is gpot on a sudden fo af-
fright the Spectaftor.”

This descripfion contains a number of correspon-
dences with reported aspects of galliwasp biology
(see below) although no other reports of vocaliso-
tions, for any galliwasp species, have been found.
Rochefort (1658) also provides an illustration
(reproduced in Breuil 2002, p. 16) of a “brochet de
terre” (land pike).

The origin of the common name galliwasp is un-
clear. Cassidy & Le Page (1980) note similarities to
Spanish American terms for lizards garrobo and
guaripétre, but also the old English verb gally to
scare or frighten. This may stem from the mistaken
belief that these lizards are venomous with a lethal
bite (Shaw 1802; Lynn & Grant 1940, cited in
McGinnity 2002). D. monofropis is known in Pa-
nama as escorpion coral or maadre de culebra
and maare (de) coral the latter two names
meaning “mother of coral snakes” (Myers 1973).
Locally, the Montserrat galliwasp is sometimes re-
ferred to as “snake with leg” because of its ser-
pentine body and movements, though it is proba-
bly stretching a point to refer to this a "common”
name as very few Montserratians report ever hav-
ing seen a galliwasp (Willock & Williams 2006).

GALLY-WASP.

Fig. 4. Jamaican “gally-wasp” C. occiduus (now believed extinct) from Gosse (1850)

11
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2.2. Distribution, abundance and population
trends

2.2.1. Distribution

All available anecdotal data suggest that the
Montserrat galliwasp only occurs in a tiny area
(see Fig. 5) of mesic forest, at roughly 180m above
sea level, in the western foothills of the Centre Hills
that abuts a residential area known as Woodlands
Spring (hereafter referred to as ‘Woodlands’, as it
is known locally). The area (of a minimum convex
polygon) encompassing all the points in Fig 5 (with
the exception of the point at sea level - see later
in this section) is 12.9 hectares. Sightings from 1983
to the present day occupy an area of just 1.5 hec-
tares'. Underwood (1964) locates the type speci-
men he describes as coming from “Woodlands
Spring” but refers to the area as draining into “a
small stream called Runaway Ghaut”. This location

Woodlands f
Beach 7

WOODLANDS

Duberry
Estate

is in fact about 300 m fo the south of the more
recent sightings at Woodlands, in an area now
known as Duberry Estate. For the purposes of es-
tablishing a known range, Duberry Estate, rather
than Woodlands, is faken as the location of Under-
wood’s (1964) sighting (see white +, Fig. 5), al-
though this may in fact be exaggerating the size
of the species’ range.

To date, only 12 confirmed sightings (including
photographs or captures) of this species have
ever been made (Corry et al in prep), and one,
probably two, of these include repeat sightings of
the same individual. In addition, Stevens &
Waldman (2001) report from personal communi-
cations with R. I. Crombie observations from 1973
and 1983 (Fig. 5). Crombie also reports sightings in
1983 as *(from) St. George’s (parish): not uncom-
mon at several springs along the western slopes of
the Centre Hills” (pers. comm. cited in Stevens &

( & ;

ot Above: area shown opposite
sightings 1964-2006

@ 1954

@ 973

@ 1935

@ 2001
© 2004
O 2005
(O 2008

A sightings 2007
(Corry et al, in prep)

Centre Hills
boundary

—— streams

Fig 5: Montserrat galliwasp sightings recorded by Corry et al (in prep). The location of the sighting of the type specimen,
shown by the dark blue circle, is located using Underwood'’s (1964) not very precise coordinates (16°45%" N, 62° 13" W).
However, Underwood (1964) describes this location as draining into Runaway Ghaut. The nearest point in the watershed
of Runaway Ghaut, and under forest canopy, is shown by the white +. The two reports of sightings in 2006 near Wood-
lands Beach were judged not reliable by Corry et al (in prep); a second report judged unreliable (from Duck Pond) is
not shown on this map; it is approximately 1.1 km to the south of the main cluster of sightings shown here, on the edge
of the Centre Hills protected forest boundary.

if the outlying observations reported from 2006 from Duck Pond and Woodlands Beach are included, the minimum

convex polygon is 66.8 ha in area

12
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Waldman 2001). As the inset map in Fig. 5 shows,
the western slopes of the Centre Hills are in St. Pe-
ter. Assuming a typographic error in reporting
Crombie’s 1983 sightings, this does suggest a
slightly larger range prior to the volcanic eruptions
in 1995, as well as the presence of what sounds
like higher numbers. Contradicting this somewhat,
however, members of Montserrat’s Department of
Environment (DOE; G. Gray, pers. obs.) report ex-
tensive searches for the Montserrat galliwasp in
the 1970s and 1980s which failed to find any in
these areas, suggesting the species was not very
common then.

In 2006, the Centre Hills Project (Montserrat Centre
Hills Project, 2006) carried out a series of interviews
with local residents tfo ascertain their knowledge
and atfitudes to the natural environment of Mont-
serrat (Willock and Williams 2006). When presented
with a photo of a galliwasp only 20% of respon-
dents correctly identified the animal. 26% assumed
it was some form of lizard or snake whilst 37% did
not know. None of those who correctly identified
the galliwasp had ever seen any in the wild, rather
only in photos displayed by Montserrat Ministry of
Agriculture, Land, Housing and Environment
(MALHE) or the Montserrat Tourist Board.

A more focused survey was conducted in 2008
within the residential area of Woodlands (Corry et
al in prep). Interviewees were asked to identify
which repfiles they have seen around their prop-
erty from a series of photos. Two out of the five
households in this small area had seen a galliwasp
in their garden between 2004 and 2007. These re-
ported sightings are also shown in Fig. 5, along
with additional sightings reported to Corry et al (in

prep).

Corry et al (in prep) also collected three reports of
sightings from outside, but nearby, Woodlands, all
dating to 2006 (the year of a large dome collapse
of the volcano; Montserrat Volcano Observatory
2010). One of these reports came from Duck Pond
and two from Woodlands Beach (Fig. §). Corry et
al (in prep) judged these reports (unsupported by
specimens or photographs) to be likely in error
because they were lacking in detail and may
have represented misidentifications of feiid
ground lizards (Ameiva pluvianotarta). The Wood-
lands Beach reports, however, do bring to mind
Underwood'’s collector, a Mr Kingsley Howes, who
collected the type specimen at Woodlands and
reported only ever seeing one other specimen
“about 25 years ago (i.e. in the 1930s)...at sea
level near the estuary of (an unidentified)
stream” (Underwood 1964). The Duck Pond obser-
vation is also consistent with Crombie’s report of
sightings at several springs along the western
slopes of the Centre Hils (Stevens & Waldman
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2001). A two month island-wide herpetological
survey in 1995 (Daltry 1999) failed to find any
Montserrat galliwasps, however; and Buley (2001)
found one individual. Surveys in 2005-06
(Ogrodoczyk et al 2006; Young 2008) and 2007-08
(Corry et al in prep) found only two and one indi-
viduals respectively in Woodlands and none at
Duck Pond or Woodlands Beach despite focussed
searching for this species in these areas.

2.2.2, Abundance

No historical or current estimates of population size
exist for the galliwasp in Montserrat. There have
never been more than four confirmed sightings in
a year, and in most years none at all have been
recorded (Corry et al in prep). In 2007-08, a study
was conducted to determine whether occu-
pancy (MacKenzie et al 2006) could be estimated
(as proportion of area occupied - in this case, the
land in the western half of the Safety Zone be-
tween 100 and 320 m above sea level, and within
100m of ghaut bottoms). This method was investi-
gated as an alternative to estimating abundance
to provide a measure of the state of the Montser-
rat galliwasp population. However, no valid esti-
mates were obtfained because the encounter
rate was so low: there were only two encounters,
both of the same individual (Fig. 6) - recognizable
from an old scar - during 105 days of surveying
(Corry et al, in prep).

Fig. 6. Galliwasp photographed at Woodlands, 2" No-
vember 2007. Volcanic ash is visible on the surrounding
leaf litter. Photo: E. Corry / Durrell.

We have found no reported population density
estimates for any other galiwasp species. C.
baaius and C. millepuctafus are described as
ubiquitous and abundant (Hendersen & Powell
2009; Kiester 1975) although both are restricted to
smaill uninhabited islands (Navassa Island, 5.2 km?,
and Malpelo Island, 1.2 km?, respectively). How-
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ever, most of the 44 galliwasp species are known
only from one or a few specimens and recorded
sightings, and they appear to be either very rare,
or very elusive, or both. At least one species is be-
lieved extinct (World Conservation Monitoring
Centre 1996; see Fig. 4).

2.2.3. Population frends and stfafus

The Monftserrat galliwasp was assessed as Critically
Endangered based on the species’ extremely re-
stricted range (Day 1996), rather than based on
any population frends which remain unknown.
Due to the complete absence of population data,
it is not possible to infer any historical trend for the
Montserrat galliwasp population. However, the
extiremely small size of the species’ range does
imply a severe contraction of the population has
occurred at some point in the past. Given the
habitat it is found in (moist broadleaf forest, in
common with most galliwasp species; see section
2.3.2 below), it seems inherently unlikely that this
large-bodied lizard did not once occupy a much
larger range on the island. Crombie’s observations
from the 1970s and 1980s (Stevens & Waldman
2001) and Howe’'s from the 1930s (Underwood
1964) provide some support for the idea of a
range contraction during the 20™ Century, though
both are vague.

It is probable that the introduction of invasive
predators has had a severe negative impact on

the galliwasp population, as has been the case
with many other reptile species in the insular Car-
ibbean (see section 2.4.2.2). The very small range
of the species also allows us to infer that the popu-
lation is most likely very small, although despite the
concerted efforts of Corry et al (in prep; see Fig. 7)
it has proved impossible to quantify this.

Eleven species of galliwasp have been assessed
for IUCN’s red list and are shown in Table 1
(section 2.4.1). Populations of C. enneagrammus
and C. legnotus (both of Least Concern) were
assessed as stable, whilst C. rozellae, C. anelpistus,
and C. warenni populations were assessed as de-
clining. No assessments of population frends for
the other species in Table 1 are recorded. D. pleii
has not been assessed for IUCN's red list but was
considered fo be “stable” by Moreno in 1991
(cited in Hendersen & Powell 2009). In general,
however, no data or opinions on population
tfrends in most galliwasp species have been re-
ported.

2.3. Biology and ecology

The literature on any aspect of the Montserrat gal-
liwasp, and for most other galliwasp species, is
extiremely sparse. Hence, the following sections
draw on what information has been found on sis-
ter species (of both Djploglossus and Celestus) in
order to make cautious inferences on the biology
and ecology of the Montserrat galliwasp.

Fig. 7. Surveys for the Montserrat galliwasp during 2007-2008. Left: Liz Corry searches rock crevices using
an endoscope during a daytime search. Right: Calvin Fenton, inspects the contents of a “galliwasp
hotel” (one of many artificial refugia deployed) during a nocturnal survey. Photos: C. Fenton, E. Corry /
Durrell.
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2.3.1. General biology and behaviour

Underwood (1964) described the Montserrat galli-
wasp, from a single male specimen captured at
Woodlands Spring, as “a large, strong-limbed Djo-
loglossus, with sheathed claws”. The sheathing of
the claws, with scales, refers to a feature used to
clossify galliwasps into Celesfus, with unsheathed
claws, and Dijploglossus in which they are
sheathed (Savage et al 2008; see Fig. 8). This indi-
vidual had a snout-to-vent length (SVL) of 180 mm
and the length of its regenerated tail was 165 mm.

Fig. 8. Sheathed claw of D. montisserrati. Photo: G.
Garcia / Durrell

The only other specimen described in the literature
(Ogrodowczyck et al 2006) was also a male, also
with an SVL of 180m, and having a 230 mm tail; it
weighed 170 g. Montserrat galliwasp scales are
smooth and have osteoderms (bony plates in the
skin) underneath - as do all galliwasps (JVCI 2010)
- possibly for protection during intraspecific fights
(G. Garciq, pers. obs.).

Fig. 9. Adult Montserrat galliwasp (supposed female)
caught at Woodlands in 2001. Photo K. Buley / Durrell

The Montserrat galliwasp is one of the larger galli-
wasps (Fig. 9); only five of the 43 other species are
larger (see Annex 5). Most galliwasps are small
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lizards: 24 species (65%, nearly all Celestus species)
have a SVL of less than 110 mm.

Adult colouration of the Montserrat galliwasp is
medium brown, and paler to whitish around the
lips and throat. The flanks of the body tail, and the
limbs, have a pattern of speckles: a white and a
dark brown speckle together against the medium
brown background (see Fig. 10). The underside of
the body is pale and unspeckled. In some other
Diploglossus species juvenile colouration is differ-
ent to adults, for example D. monfropis (Savage
2002) and D. bilobatus (Lotzkat et al 2010). Vitt
(19920) has proposed that the distinctive banding
found on the juveniles of D. fascafus and D. lesso-
nae mimics the appearance of tfoxic millipedes as
a way of deterring would-be predators. However,
reported sightings of the Montserrat galliwasp
have not noted juvenile colouration in the Mont-
serrat galliwasp as being different to that of adults,
although these sightings have been fleeting.

Sexual dimorphism is relatively subtle in some galli-
wasps (Cousens 1956; Greene et al 2006), though
males have larger, wider heads than females in at
least two of the larger species: D. millepunctatus
(Kiester 1975) and C. warreni (Goetz 2008). Males
of D. monotropis, another large galliwasp, are lar-
ger than females and have different colouration
(Savage 2002). Goetz (2008) notes that the dimor-
phism in head size in C. warreniis only clear when
comparing individuals of similar age. A compari-
son of specimens (the only two known specimens
are both male) with photographs by K. Buley in
1998 suggests sexual dimorphism in head size in
the Montserrat galliwasp (Fig. 11).

Ogrodowczyk et al (2006) report the Montserrat
galliwasp is considered nocturnal and report three
sightings, on different nights, at 18:00 (dusk), 18:30
and 19:15. These authors also record the personal
communication of a sighting by R. Allcorn in 2004
“at night”. Corry et al (in prep) collected reports of
an additional seven sightings that they judged to
be reliable, dating from 2002-2008. One was
made tin  the early morning”, one at
“approximately 16:00”, one “at dusk”, and one “at
night”. These four sightings were of active animals.
Two more were made “during dayfime” but these
may be of animals disturbed in refuges: one was
of an adult in a pile of chopped timber, another
of juveniles seen in a crevice between boulders.
One sighting however was reportedly at 11:48 and
in the photo that was taken (see Fig. 2) appears to
show an active adult.

Reports of activity periods were found for 13 other
galliwasp species (see Annex 5): Ten are report-
edly diurnal, whilst an eleventh (D. bilobatus) is
described by Savage (2002) as diurnal in Costa



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Y ‘)ﬂ .‘;‘\_\r}_m\\\‘: xE

s

& ¥ »
« N s

P

Fig. 11. Comparison of head shape in confirmed male Montserrat galliwasp (left) and supposed female (right).
Photos: A. Ogrodowczyk / Durrell; K. Buley / Durrell

Rica. Lotzkat et al (2010), however, give more de-
tailed observations of nocturnal activity in this lat-
ter species in Panama, finding it active between
20:15 and 01:30. A twelfth species (C. anelpistus) is
described as nocturnal by Schwartz et al 1979
(cited in Henderson & Powell 2009). The remaining
species, C. warren/is described as probably cre-
puscular or nocturnal by McGinnity (2002), al-
though Schwartz & Hendersen (1991) report they
are “observed outside burrows during day and on
asphalt roads at night”. It seems some species are

16

active by day and night, although some diurnal
observations may simply reflect the time of day at
which herpetologists made collections.

The Montserrat galliwasp appears to be a terres-
trial species (Underwood 1964) and semi-fossorial,
assumed fo forage in as well as on the surface of
leaf litter (Ogrodowczyk et al 2006; Corry et al, in
prep; Fig. 12). All other personal communications
to Ogrodowczyk et al (2006) and Corry et al (in
prep), of nine sightings in total, refer to individuals
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seen on or near the ground (one was lying on a
pile of chopped timber, another on a derelict
stone wall). The Montserrat galliwasp’s serpentine
movements (Figs. 12 and 13) are typical of many
galliwasp species.

The habit of 36 galliwasp species has been re-
ported (see Annex 5) with 29 (81%) being terres-
trial. Four (11%) are reportedly arboreal (one, C.
fowler; being known only from bromeliads on
trees; Schwartz 1971) and three (8%) reportedly
both terrestrial and arboreal. All the arboreal and

¥

Fig. 12. Montserrat galliwasp at Woodlands in 2007, moving through leaf litter and
surface delbris. Photo: E. Corry / Durrell

- "
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Fig. 13. Montserrat galliwasp at Woodlands in 2006, showing the lizard’s sinuous body

form. Photo: A. Ogrodoczyk / Durrell
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partly arboreal species are medium-sized (SVL 100-
130 mm) Celestus galliwasps, though the medium-
sized (SVL 100 mm) D. monfisilvestris has been
caught on a free-frunk about one metre off the
ground and its long claws may suggest arboreality
(Myers 1973). None of the larger (SVL > 150 mm)
galliwasps, including the Montserrat galliwasp, are
known to be arboreal.

Of the 21 species for which authors have reported
some degree of burrowing behaviour, or at least
foraging or hiding in ledf litter, 16 (76%) are report-
edly semi-fossorial, three fossorial (14%) and two
possibly fossorial (10%; see Annex 5). In most cases
semi-fossoriality refers to hiding in or moving
through leaf litter and other surface debris (see
section 2.3.2 below) rather than creating burrows,
although Schwartz & Hendersen (1991) report that
D. delesagra is occasionally uncovered by
ploughing. Powell (19990) describes C. baaius as
appearing to “swim” along (below the surface of
leaf litter), “producing a ‘wake’ on the surface,
and occasionally ‘surfacing’ to scan the vicinity”.

2.8.2, Habitat use

With two exceptions, all the known sightings of the
Montserrat galliwasp have been made between
140 and 200 m above sea level in the Woodlands
area (see section 2.2.1). A minimum convex poly-
gon touching all the outermost of these point lo-
cations encloses an area of 6.1 ha (Corry et al, in
prep). The two exceptions are Underwood’s (1964)
frustratingly vague report of a sighting “at sea
level near the estuary of (an unidentified) stream”
dating from the 1930s, and a report of two sight-
ings collected by Corry et al (in prep) of a sighting
from 2006 in leaf litter ot a wooded area with
stone tables near Woodlands Beach. Corry et al
(in prep) judged this likely to be a sighting of a
Montserrat ground lizard (Ameiva pluvianofara),
an animal of similar size and (in females) colour to
the Montserrat galliwasp.

The Woodlands area is an area of mesic forest,
near the ftransition from dry to mesic forest
(Mansat 2007) which immediately abuts the back
yards of a small number of residences. Sightings of
Montserrat galliwasps come from both these
backyards and the adjacent wooded area (Fig.
14). Neighbouring Duberry Estate is likewise an
area of mesic forest immediately adjacent o resi-
dential properties, though the sole record from
here (Underwood 1964) appears to have been in
the wooded area. All sightings at both sites have
been in close proximity to ghauts (watercourses).
The forest at Woodlands and Duberry is character-
ised by rocky terrain, with a high density of large
boulders, extensive leaf litter and a closed can-
opy. There are ruins at Duberry and a derelict wall
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at Woodlands, both within the wooded area.

For most galliwasp species (43 out of 44, see An-
nex 5), the vegetation where they have been
found has been described to at least some de-
gree. Thirty seven (89%) occur in forested areas,
although 17 of these (40%) are also reported in, or
in forest immediately adjacent to, open or edge
habitats, with seven of those also found in areas of
disturbed habitat. Three more (7%) are reported
only from open habitats and one (2%) only from
disturbed habitat. Twenty nine species (69%) are
reported from mesic habitats, nine (21%) in dry
habitats and 4 (10%) in both. As for most galli-
wasps, the Montserrat galliwasp is reported as a
species of mesic forest in this classification, though
the sightings from back yards in Woodlands - al-
beit back yards with leaf litter and other cover,
and under forest canopy - indicate it has persisted
(to the extent that it has) in the face of some de-
gree of habitat disturbance. D. monoifropis, which
Underwood (1964) considered most closely re-
lated to the Montserrat galliwasp, also occurs in
mesic forest but is “found in disturbed or ‘edge’
sifuations more often than in heavy forest” (Myers
1973).

Roughly 21% of the original vegetation cover
within  Montserrat’s Safety Zone is mesic forest
(Mansat 2007), with just over 50% of that included
within the Centre Hills protected area boundary.
Most of this mesic forest, including Woodlands, is
secondary, with many exotic fruit frees; outside of
the Centre Hills, much has been cleared for agri-
culture or residential development. Nonetheless,
the extent of standing mesic forest is in stark con-
trast to the 0.2% of the Safety Zone known to be
occupied by the Montserrat galliwasp.

Montserrat galliwasps have been found in rock
crevices and cavities formed by exposed free
roots, as well as in a derelict stone wall and a gar-
den rockery (Corry et al, in prep). On one occo-
sion an individual was seen on a pile of chopped
timber sometime between 14:00-16:00, possibly
also a refuge. Corry et al (in prep) compared a
number of microhabitat variables that describe
substrate and cover at both Woodlands and
Duberry and a selection of random locations, in
both dry and mesic forest, on the western side of
the Safety Zone. The microhabitat variables in-
cluded those listed in Fig. 15.
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Fig. 14. Forest at Woodlands and Duberry Estate. Top left: boulder pile where juvenile galliwasps were seen, Wood-
lands. Top right: Geoff Hilton and Philomen *Mapie’ Murrain point to where an adult galliwasp was found in 2006.
Bottom right: leaf litter and boulders at Woodlands; in the foreground, partly covered is a “galliwasp hotel” - an

artificial refuge used in an attempt to attract (without frapping) Montserrat galliwasps. Bottom left: ruins and holes in
amongst tree roots at Duberry estate. Photos: top right, M. Morton / Durrell; all others, E. Corry / Durrell.
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Fig. 15. Substrate and cover variables at Montserrat galliwasp sighting locations and random forest locations in
north west Montserrat (from Corry et al, in prep). Scores for each variable are standardized (as average divided
by total average) to make scores for different variables comparable.

The biggest differences between known galliwasp
and non-galliwasp (random) locations were in
percentage rock cover, number of rock crevices,
distance to nearest rock and number of free holes
(defined as equal or more than 4 cm width - wider
than Montserrat galliwasp head-width - deeper
than 15cm, and found at the base of the tree or in
amongst free roofts); Fig. 15. At galliwasp sites,
both percentage rock cover and the number of
rock crevices were significantly higher, and mean
distance to the nearest rock was significantly
lower (meaning a higher density of rocks at galli-
wasp locations; Corry et al, in prep.). There was
weaker evidence for a higher number of tree
holes occurring at known galliwasp locations com-
pared with random locations (the evidence for
this relationship was possibly weaker due to small
sample size). We speculate that an abundance of
hiding places in the Woodlands area allows the
Montserrat galliwasp to escape a sufficient num-
ber of predation events by introduced predators
to maintain a population (section 2.4.2.2).

Finding other galliwasp species under surface de-
bris such as leaf litter, coconut husks, logs, moist
sawdust and cut boards is reported for 21 of the
38 species (66%) for which authors have com-
mented on substrate (see Annex 5). Eight (21%) of
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these species are also associated with rocks as are
an additional nine others (42% of all species) for
which surface debiris is not recorded. The remain-
ing 21% are reported from in grass, roof thatch,
bromeliads, under bark and on tree trunks. Forag-
ing in ledaf litter has been noted in the Montserrat
galliwasp (section 2.3.1) but it may be that a large
number of rock crevices - and particularly
amongst large immovable boulders, as at Wood-
lands - has been of especial importance in avoid-
ing the depredations of infroduced predators (see
section 2.4.2.2).

Five galliwasp species, including the Montserrat
galliwasp, are reportedly found in close proximity
to streams. Schwartz & Inchaustegui (1976) de-
scribe  C. marcanoi from an area having
“numerous creeks, and the soil is wet, even
swampy, in some places... The D. (sic) marcanoi
were collected on the north slope of the valley,
between two creeks. The soil was locally dry and
with a large number of rocks”. This is reminiscent of
the Woodlands/Duberry locale, as is Franz & Cor-
dier’s (1996) description of finding “the majority of
(C. stenurus) specimens in piles of rocks along the
(Grande Ravine) stream channel, particularly in
association with dense bracken fern glades”. Un-
derwood’s collector, Mr. Howe, reports both his
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sightings of the Montserrat galliwasp were near
fresh water (Underwood 1964).

2.3.3. Breeding and demography

Nothing has been published on reproduction in
the Montserrat galliwasp, although Corry et al (in
prep) collected two reports - one from a Wood-
lands resident, one from DOE staff accessing the
Centre Hills - of small groups (numbers not speci-
fied) of juveniles sighted at Woodlands. One
group was seen in large crevice created by a
boulder pile next to a footpath (see Fig. 14); the
other group was in the company of an adult galli-
wasp as they fled from a rockery in a Woodlands
resident’s back yard, disturbed by the resident
pruning plants. This lafter sighting is suggestive of
the possibility of parental care. Greene et al (2006)
report parental care in four other Djploglossus, as
well as eleven other Anguid species. Female D.
bilobatus and D. monotropis have been observed
aggressively guarding eggs (the latter in captivity),
as has a male D. nigropunctatus. A female D. fas-
ciatus and four young were found together on a
free, an occurrence more likely to reflect post-
natal care than simply a chance observation of a
very recent birth (Greene et al 2006). In contrast,
male C. warreni have been known to eat their
offspring in captivity, although it is not known
whether this is an artifact of captive conditions (D.

Fig. 16. Hatchling D. monofropis (in captivity) with
eggshell. Photo: D. McGinnity / Nashville Zoo.

McGinnity, pers. comm.).

Amongst other galliwasps, all the Ceflestus for
which mode of reproduction has been reported
(12 species; see Annex 5) give birth to live young.
Mode of reproduction is reported for seven of the
11 Djploglossus species (not including the Montser-
rat galliwasp): six lay eggs (Fig. 16), but the sev-
enth (D. plei) is live-bearing. Nests containing eggs
have been found under logs (D. bilobatus, Taylor
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1956, cited in Savage 2002) and under stones rot-
ting wood and a stone (D. nigropuncrtatus,
Barbour & Shreve 1937; Barbour & Ramsden 1919).

Clutch size (number of eggs or young) has been
reported for 12 Celestus and five Djploglossus,
though typically with very few observations (often
a single clutch) per species. Number of young
generdlly increases with body size amongst Celes-
fus species (see Annex 5). For example, two wild-
caught female C. anejpistus (maximum SVL 285
mm) gave birth to 42 young between them
(Schwartz et al 1979, cited in Hendersen & Powell
2009), whilst the medium-sized C. sfenurus
(moximum SVL 172 mm) have five or six young
(Schwartz & Hendersen 1991) and the smaller C.
curfissi (maximum SVL 89 mm) and C. crusculus
(maximum SVL 90 mm) have 2-4 and 2-5 young
respectively (Greer 1967). Within  C.  warren/
(maximum SVL 279 mm), clutch size (8-34) is posi-
tively correlated with female SVL (Inchdustegui et
al 1985, cited in Hendersen & Powell 2009).

This pattern of clutch size related to SVL is less
clear in the five Dijploglossus species for which
clufch is reported, but these five are all small to
medium-sized galliwasps (maximum SVL 92-125
mm) and have clutch sizes from two to six, with
the exception of D. bilobatus (the smallest, with a
maximum SVL 92 mm) laying 6-15 eggs (Savage
2002). Pregnancy has been reported fo last 90 for
C. warreni and incubation of eggs (once laid) in
D. monofropis 72 days with a copulation to egg
lay period of 84-101 days (D. McGinnity, pers.

Fig. 17. C. warrenimating in captivity (male on top).
Photo: G Garcia / Durrell

comm.).

Age of first breeding is reported for C. warreni one
of the larger galliwasp species, at 3-4 years in cap-
tivity (McGinnity & Powell 2004); it appears that D.
monoftropis is of reproductive age at 3 years too
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(McGinnity, pers. comm.). Limited data is also
available for a few species when gravid females
and/or newborn young are found in free-living
galliwasp populations (see Annex 5). For these
nine species, it appears that births occur during
the latter half of the year - during the wet season
when food resources are likely fo be more abun-
dant - with gravid females being found towards
the end of the preceding dry season, and some-
times in the wet season too. A sighting of juvenile
Montserrat galliwasps was recorded in October
(wet season) by Corry et al’s (in prep) question-
naire of Woodlands’ residents.

At least some galliwasps may be fterritorial. Male
C. warreni will fight, with larger males sometimes
kiling smaller ones, if kept together in captivity
(McGinnity, pers comm.; Goetz 2008; Lawler &
Norris 1979 cited in Hendersen & Powell 2009). An
increased incidence of male deaths, usually of
smaller, older males presenting bite injuries, has
been noted in May-June at Nashville Zoo (D.
McGinnity, pers. comm.). Male D. monofropis are
also known to fight in captivity (D. McGinnity, pers,
comm.). A fight between two free-living males of
D. bilobatusin Costa Rica is also recorded by Sav-
age (2002).

There appears to be very little published informa-
tion on the lifespans of galliwasps and what there
is all comes from individuals in captivity. There is
some indication though that some at least have
the potential to be relatively long-lived. C. co-
status has been reported still alive at 12.3 years (K.
Wright cited in Hendersen & Powell 2009), whilst a
maximum of 12.3 years is recorded for D. monofro-
pis (de Magalhaes & Costa, J. 2009). C. warreni
has been known to live at least 12.3 years in cap-
tivity without yet attaining the large jowl and head
size of some of the old giant males collected in
the field and so they may live considerably longer
(80-80 years; D. McGinnity, pers. comm.). No re-
cords were found of galliwasp survival and lon-
gevity in the wild.

2.3.4. Diet

No data exists on the diet of the Montserrat galli-
wasp. On examination of the specimen described
in Underwood (1964) the stomach was found to
be empty. Underwood’s collector, Mr. Howes,
comments "l did not see either of (the two galli-
wasps he reports) feeding, but it is possible that
the second was feeding on young crayfish which
were scurrying around in the wet rocks where it
was found" (Underwood 1964). At least two other
galliwasps are known to eat crustacea: both
Slevin (1928) and Dunn (1939, cited in Kiester 1975)
found crab remains in the stomachs of D.
millepuncitatfus, and Kiester (1975) observed them
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scavenging dead crabs (Gecarcinus malpilensrs,
which have a carapace width of 5-82 mm; Lopez-
Victoria & Werding 2008). D. monofiropis will enthu-
siastically eat land crabs in captivity in Costa Rica
(D. McGinnity, pers. comm.).

More generally, amongst species for which dietary
items have been recorded, galliwasps appear to
be opportunistic feeders, eating primarily leaf litter
invertebrates. Even D. pleii - possibly a millipede
specialist (Thomas & Gaa Kessler 1996) - is also
known to take a wide variety of leaf litter arthro-
pods, and additionally slugs. Amongst the ten spe-
cies whose diet has been reported (see Annex 5),
nine eat leaf-litter arthropods, with cenfipedes
and beetles (larvae and adults) appearing most
commonly in lists of dietary items, but also milli-
pedes, scorpions, tarantulos and other spiders,
beetles (adults and larvae), crickets, ants, termites,
earwigs, bugs and roaches. Earthworms have
been found in the diet of three species and C.
haetianus takes snails. Grant (1940, cited in Hend-
ersen & Powell 2009) reports that the stomachs of
C. hewardii contained “flat slug-like animals
known locally (in Jamaica) as ‘cow’s tongues’”. In
Montserrat, E. Corry (pers. obs.) found millipedes,
centipedes, beetles, cave crickets and tailless
whip scorpions all to be abundant in leaf litter at
Woodlands. Captive C. warren/ have been suc-
cessfully raised on a diet of insects and other inver-
tebrates, neonate mice and a ground furkey
meat ‘sausage’ (D. McGinnity, pers. comm.;
Goetz 2008).

A few galliwasp species are reported to eat verte-
brates in the wild: dwarf geckos, Sphaerodactylus
armstrongi, are eaten by C. cosfatus (Schwartz &
Hendersen 1991); Anolis sp. and another galli-
wasp, C. costatus, by C. warreni (Cooper & Brad-
ley 2009, cited in Hendersen & Powell 2009). Feath-
ers of Greater Antillean grackle (Quiscalus niger)
were also found in the stomach contents of C.
warreni by Cooper & Bradley (2009; op. cit.) and
D. millepuncrtatus is described scavenging dead
blue-faced boobies (Sula dactylafra) on Malpelo
Island by Keister (1975). Keister (1975) also reports
that fish regurgitated by boobies for their young
provides a substantial amount of food for D.
millepunctatus, and that the galliwasp may time
its own breeding to coincide with that of the birds
and hence a time of high food availability. Two
galliwasps are reportedly omnivorous, including
fruit in their diet: C. cosfafus (Burns et al 1992, cited
in Hendersen & Powell 2009) and the extinct C.
occiduus, (Shaw 1802). McGinnity (pers. comm.)
reports that C. warren/ will also eat mango in cap-
tivity.
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2.4. Threats, potential threats and limiting fac-
tors (problem analysis)

2.4.1. Red List status

The Montserrat galliwasp is listed in the IUCN Red
List of Threatened Species as Critically Endan-
gered (i.e. “facing an exiremely high risk of extinc-
tion in the wild” IUCN 1994, 2001) based on an as-
sessment by Day (1996), that is annotated “needs
updating”. The full listing is CR B1+2c where crite-
rion B refers to an “area of occupancy estimated
to be less than 10 km?” and criteria 1 and 2c refer,
respectively, to a species population that s
“severely fragmented or known to exist at only a
single locafion” and showing a “continuing de-
cline, observed, inferred or projected, in (c) areaq,
extent and/or quality of habitat” (JUCN 1994). A
continuing decline is not known to be occurring,
although that is because very little is known of the
Montserrat galliwasp, as evidenced in the preced-
ing sections. An inferred decline might be justifi-
able given that it is highly unlikely that the current
occupied area is the historical occupied areq,
and that the causative agents have not been re-
moved. An alternative classification would thus be
Data Deficient, but IUCN caution: “It is important
to make positive use of whatever data are avail-
able. In many cases great care should be exer-

cised in choosing between DD and a threatened
status. If the range of a taxon is suspected to be
relatively circumscribed, and a considerable pe-
riod of time has elapsed since the last record of
the taxon, threatened status may well be justi-
fied” (IUCN 2001). Given this caution and the fact
that some argument, albeit weakly supported be-
cause of the general dearth of data, for an ongo-
ing decline may be inferred, a continuing listing of
Critically Endangered appears warranted by the
authors of this plan. Underwood (1964) speculates
that “the montisserrati stock” may have occurred
more widely through the Eastern Caribbean
(supported to some degree by the accounts of
Burton, 1711, Rochefort, 1658; and Du Tertre, 1667;
see section 2.1). This could mean that the current
range on Montserrat represents an even more
drastic range contraction from historical times,
although “the monfisserrafi stock” could also refer
to additional, putative (and presumably now ex-
tinct) Dijploglossus species.

Ten other galliwasps, all Ceflesfus species, have
been assessed against Red List criteria (see Table
1. The listings for C. duquesneyi C. fowleri C. mi-
croblepharis (all Data Deficient) and D. montfisser-
rafi are flagged as out of date. Hendersen & Pow-
ell (2009) consider that available evidence sug-
gests that C. auguesneyi should be listed as Criti-

Red List Cate- . Threats
| gory Species Range
C. duquesneyi
C. fowleri Jamaica
Data Deficient Not known
C. microblepharis
C. ingridae Mexico
C. enneagram-
Least Concern mus Mexico None known
C. legnoftus
Belize; Guate- .
ngé Threat- C. rozellae mala; Honduras; LogsgicljnngT; ;orriecsLﬁsrr;ver—
Mexico 9
) Hispaniola Infroduced predators e
" C. anelpistus forest conversion fo agri-
Critically Endan- culture e human persecu-
gered C. warreni Hispaniola tion
D. monfisserrati Montserrat Not known
Extinct C. occiduus Jamaica Infroduced predators

Table 1. Red list assessments of galliwasp species. Threats are as identified in each species’ red list assessment
(Campbell 2007; Canseco-Marquez et al 2007; Day 1996; Gibson 1996q, b, c; Lee & Calderén Mandujano 2007;
McGinnity & Powell 2004 a, b; World Conservation Monitoring Centre 1996)
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cally Endangered; C. fowlerimay be Endangered;
and C. microblepharis is possibly Extinct. Many, if
not most, of the remaining 33 galliwasp species
probably warrant Red List assessments given the
rarity of sightings, restricted known ranges, and
exposure to the threats identified in Table 1 of
most of these species.

2.4.2, Inferred causes of decline in the Monfser-
rat galliwasp population

As noted above, a decline in the size and range
of the Montserrat galliwasp is inferred - rather than
established by any evidence - from its apparently
extremely restricted global range of less than 10
hectares. Likewise, the causes of this inferred de-
cline are also, necessarily, inferred. Day (1996)
does not cite any threats to the Montserrat galli-
wasp in his Red List account, and no other pulb-
lished references to threats to this species have
been found, although Underwood (1964) specu-
lates:

“The montisserrati stock may well
have been more widely distributed
in the Leeward Islands ... Survival on
the limestone Leeward Islands, from
Anguilla  to Marie Galante, s
unlikely; they are low lying and dry.
Some of the volcanic Leeward Is-
londs, from Saba to Basse Terre
(Guadeloupe), on the other hand,
have some good wet forest on their
higher slopes. Montserrat is one of
the islands on which mongoose
have not been introduced and this
may have been a factor in ifs sur-
vival. Both St. Kitts, Nevis and Gua-
deloupe have mongoose... Saba
and St. Eustafius have no mon-
goose but they have very limited
moist forest”

This speculation identifies habitat availability (i.e.
the continued presence of mesic forest) and the
presence of introduced predators as likely limiting
factors on the occurrence of the Montserrat galli-
wasp, and this is consistent with what is known of
threats to other galliwasp species and what can
be inferred of threats to the Montserrat galliwasp.
Infroduced predators - notwithstanding the ab-
sence of mongooses on Monftserrat - and defores-
tation and habitat modification are inferred as the
most severe threats. The active volcano on Mont-
serrat remains an ever-present threat, although its
impacts on the Montserrat galliwasp to date are
inferred to be less severe. Finally, the presumed
very small population size of the Montserrat gailli-
wasp makes the species highly prone to extinction
through stochastic (unpredictable) events.
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2.4.2.1. Deforestation and habitat modification.

Whilst some galliwasp species appear to persist in
the face of some degree of habitat disturbance,
most appear to depend upon forest habitats, al-
beit sometimes in “edge” situations (see section
2.3.2). Deforestation has been recorded as a
threat to some species: C. anelpistus and C. war-
reni (Powell et al 2000, McGinnity 2002, Powell &
Hendersen 2003); and also C. duquesneyi (Wilson
& Vogel 2000). More generally in the Eastern Car-
ibbean, Powell & Hendersen (2005) recognize
habitat alteration or loss as a magjor threat to a
wide range of reptile species. These authors high-
light in particular the negative impact of defores-
tation on species that depend on ledf litter, noting
the Montserrat galliwasp and also ecologically
equivalent skink species such as the silverback
skink (Mabuya mabouyq) that appears to have
severely declined or even disappeared from a
number of Eastern Caribbean islands including
Montserrat.

Although the Montserrat galliwasp has persisted in
an area adjacent to, and including, the back
yards of residential properties, this area (as its
name, Woodlands, suggests) is nonetheless well-
wooded, with a largely closed canopy and exten-
sive leaf litter. The abundance of boulders and
large rocks in this area appears also to be of great
importance to this species (see sections 2.3.2 and
2.4.2.2). The habitat clearance associated with
built development is likely to be exerting a strong
pressure on the Montserrat galliwasp if, as appears
to be the case, the population is restricted to the
Woodlands area. This area was sub-divided into
plots for residential development in 1960s. The
area is considered upscale in Montserrat with rela-
fively high real estate values. Constfruction in this
area began in the 1960s and continues to the pre-
sent day with several new houses built in the last
few years. Construction typically involves clear-
ance of an entire plot, with removal of all frees
and boulders. Clearance of such rocks to prepare
land for development is likely to present a severe
threat to the Montserrat galliwasp. Current plan-
ning regulations in the Physical Planning Act re-
quire that construction has to begin with 12
months of a landowner receiving planning permis-
sion. In practice this often means that land is
cleared - even without any immediate intention
to build on it - fo comply with these regulations.
Piles of stone or rock, and derelict dry stone walls
(also potential galliwasp refugia; see section 2.3.2)
are sometimes taken apart by agouti hunters or
removed by residents gardening, thereby likely
degrading Montserrat galliwasp habitat.

Land tenure in the area around the focus of all
known Montserrat galliwasp sightings is complex
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(Fig. 18), with much of it subdivided for residential
development. In addition to the residential par-
cels, part of this land is Crown Land that is cur-
rently not under any management for biodiversity
conservation but is not used for and has, for now
at least, been set aside (without being gazetted)
as ‘wilderness’. However, part of this crown land
falls, along with other privately owned parcels,
within the boundary of the Centre Hills Reserve,
which is managed for biodiversity conservation by
DOE, although not as yet specifically for Montser-
rat galliwasp conservation. Under the yet to be
enacted Conservation and Environmental Man-
agement Act (CEMA; see section 2.5), the Centre
Hills protected boundary could be extended to
include this land.

Human development also brings with it infroduced
predators, both intentionally, as with domestic
cats and dogs, and unintentionally, for example
rats and feral fowl. It appears a number of Wood-
lands residents - who are primarily ex patriates -
are reluctant to fence their yards (and hence con-

trol their dogs’ access to the Montserrat galliwasp
site) for aesthetic rather than economic reasons,
or simply because they enjoy allowing their dogs
to roam free. An additional problem, reported by
residents of the Woodlands areaq, is the unman-
aged and reckless use of poisons. This includes the
use of ‘home made recipes’, including the use of
mercury, cement and battery acid mixed in with
bait and the use of poisoned bait not delivered in
bait stations, designed to minimize non-target
casualties, but left out in the open available to
any species that may happen upon it. This may
impact not only domestic cats and dogs - making
residents much less supportive of any poisoning
efforts to control feral infroduced predators - but
possibly Montserrat galliwasps directly as well.

Finally, the practice of capping springs for ab-
straction may reduce habitat suitability for Mont-
serrat galliwasps inasmuch as they appear to be a
species, like the majority of galliwasps, found pri-
marily or entirely in moist forest habitats (see sec-
fion 2.3.2).

Above: area shown opposite

C:) Crown Land (to
the south of the

purple line)

" subdivisions

Centre Hills
boundary

streams

Y¢ galliwasp sightings

0 40 80 120 m
Y I

Fig 18: Cadastral map of Woodlands showing recent Montserrat galliwasp sightings plus residential subdivisions Crown
Land and the Centre Hills protected area boundary. The area shown in this map is about 2.5 km from the nearest point
on the boundary of the Exclusion Zone (see inset).
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2.4.2.2. Infroduced predafors.

Powell & Hendersen (2005) emphasize the impor-
tance of threats from infroduced predators when
they describe the introduction of the mongoose
as being “the single event most responsible for the
extirpations and declines of many Lesser Anfillean
reptiles”. The small Asian mongoose (Herpestes
Javancus) has never been intfroduced to Montser-
rat and, as noted above, Underwood (1964) at-
tributed the occurrence of the only known galli-
wasp in the Eastern Caribbean to the absence of
mMongooses.

Several species of alien mammal occur in Mont-
serrat including two species of rat, (Norway rats
Rafttus norvegicus and ship rats Rattus raffus), do-
mestic cats, dogs, pigs. goats, cows and donkeys.
Rats (Fig. 19) are among the most devastating of
invasive dlien species on islands. Their multiple im-
pacts on island ecosystems have been described
in many publications (Atkinson 1985; Atkinson &
Atkinson 2000; Towns, Atkinson & Daugherty 2006;
Global Invasive Species Database 2010). As abun-
dant, opportunist omnivores, they predate many
native invertebrates and smaller vertebrates, and
have driven declines and extinctions of numerous
species through processes such as competition,
predation and habitat modification. Towns et al
(2006) identified ‘“repftiles that are nocturnal,
ground-dwelling, have low annual reproductive
oufput and are oviparous, laying eggs in rooker-
ies” as a group particularly vulnerable to the im-
pacts of rats. All of these characteristics are known
or inferred to associated with the Monftserrat galli-
wasp. The more terrestrial nature of Norway rats
compared with ship rats, and their ability to enter
narrow openings, is likely to give them easy access
to Montserrat galliwasps in many situations. They
are also likely to be competitors by depleting the
Montserrat galliwasp’s invertebrate food.

European boats brought Norway rats and ship rats
to Montserrat. Ship rats reached the Eastern Carib-
bean as early as the beginning of the seventeenth
century, with Norway rats perhaps two centuries
later (Varnham 2007). Both species of rats are cur-
rently very abundant in the Centre Hills forests
(Young 2008). Snap-trapping data indicates that,
in the forest, ship rats are somewhat more abun-
dant than Norway rats, although both are present
throughout. In general in the Centre Hills, ship rats
are more abundant at higher altifudes, and are
more arboreal, than Norway rats. Both species’
population levels appear to be linked to the local
abundance of large fruit frees and clearings
(Young 2008). Rats - most likely predominantly Nor-
way rats - are also abundant in the seftled low-
land areas of Montserrat.
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Fig. 19. Right:
Ship rat (photo: J.
Daltry / Fauna &
Flora Intferna-
tional) Below:
Brown rat, photo-
graphed forag-
ing by day at
Woodlands
(photo: G. Gar-
cia / Durrell).

Domestic cats (Felis cafus)y and dogs (Canis famil-
faris, Fig 20) are likely to present a serious threat to
the Montserrat galliwasp. This is especially so given
the immediate proximity of the galliwasp’s range
to human residences, which are known fo be
home to both these domestic species. Cats and
dogs are known 1o prey on a wide variety of rep-
tiles in the West Indies, leading to population de-
clines in several species, and are implicated in the
extermination of at least one (reviewed in Hender-
sen & Powell 2009). During the Species Action
Planning workshop for this species in 2008, an un-
confirmed report was made of a domestic dog
resident near the Woodlands area having, a few
days previously, brought home a dead “snake
with leg”. As noted above (section 2.4.2.1), do-
mestic dogs in the Woodlands area tend not to be
penned or leashed. In addition, the footpath
through the forest at Woodlands is popular with
local dog walkers. Although there are no data on
predation, it seems likely that domestic cats and
dogs, along with rats, are the introduced predao-
tors having the most severe impacts on the Mont-
serrat galliwasp.

There is also a feral cat population in Montserrat
(Fig 21), although distinguishing between wander-
ing domestic cats and frue feral animals is difficult.
The distribution, population density and ecology of
the feral population are not known. Feral cats are
devastating invasive species on many islands, pre-
dating native vertebrate species. Mammals and
birds are most commonly affected (Global Invo-
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sive Species Database 2010), and indeed, in some
circumstances, feral cat predation on introduced
rats may be beneficial to native island ecosystems
by reducing rat impacts (Courchamp, Chapuis &
Pascal 2003). But negative impacts on some island
herptile populations, such as various Caribbean
islkand repftiles, have also been recorded
(Varnham 2006, Henderson & Powell 2009). Else-
where, lizards have been found to form a signifi-
cant part of the diet of feral and free-ranging do-
mestic cats and dogs (e.g. Arnaud et al 1993;
Campos et al 2007; Nogales & Medina 2009; Phil-
lips et al 2007). For the Montserrat galliwasp, the
impacts of cats and dogs whether feral or domes-
tic will be most likely be the same. Only the rela-
tive degree of impact will differ and, given Wood-
land’s residential setfing, it seems likely that the
negative impact from domestic cats and dogs will
be greater.

: A A

(D 11r2a109 08:27 A " BUGBY2----
Fig. 20. Free-roaming or feral dog photographed by
camera trap at Bugby Hole in the Centre Hills (see Gray
et al 2010 for details of camera trapping). Photo: Mont-

serrat DOE

Since around 1998, feral pigs (Sus scrofa, Fig. 22)
have spread through the Centre Hills forest follow-
ing their escape from farms abandoned in the
wake of the volcanic crisis. There is no evidence of
a feral pig population in Montserrat prior to the
volcanic crisis. Pigs were first noted as a substantial
presence in the Cenfre Hills forest during 2001
(Buley 2001). In the following years they spread
through most of the forest, until a substantial con-
trol effort by local forest rangers in 2004 greatly
reduced the population. From 2005, there has
been a renewed spread of pigs info the forest
from the surviving population in the volcanic ex-
clusion zone to the south. Control using hunting
dogs and guns confinues at a low infensity, but
pigs are now present through a large (but un-
mapped) proportion of the forest. In 2009, the
RSPB and the Government of Montserrat initiated
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a three year project aiming to establish a sustain-
able, locally managed programme to minimise
the destructive impacts of feral livestock in and
around the Centre Hills (Gray et al 2010).

O 09/15/09 02:24 PM
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Fig. 21. Feral cat photographed by camera trap on top

of Katy Hill, the highest point in the Centre Hills (see Gray

et al 2010 for details of camera trapping). Photo: Mont-
serrat DOE

At the time of writing, feral pigs are not known
from the Woodlands area (R. Bunting, pers.
comm.), but there appear to be no barriers to
them invading this area. During the period 2009 to
2010, a survey of feral livestock in and around the
Centre Hills found pigs, goats (Capra hircus) and
cattle (Bos faurus) to be widespread, although
pigs were at lower densities than expected
(attributed to hunting) and goats, cattle and don-
keys (Equus africanus asinus) at higher densities
(Gray et al 2010). Feral or free-roaming cats and
dogs were also photographed by camera fraps in
the Centre Hills during this period (R. Bunting, pers.
comm.). Populations of pigs and cattle were
found to be much higher in the Exclusion Zone
(Gray et al 2010) where at present they cannot
easily be hunted.

Pigs can have a major impact as invasive species
on some island tropical forests. Like rats, they are
opportunistic omnivores, known to eat lizards
(Atkinson 2001) and can cause declines and ex-
tinctions in ferrestrial animals that they prey on
(Cruz et al. 2005 and references therein; Global
Invasive Species Database 2010). Jolly et al (2010)
estimate the impact of feral pig predation on no-
tive reptiles and amphibians in Australia. In some
island forests, especially Hawaii, feral pigs have
had profound impacts on the vegetation structure
of the forest itself, through soil-rooting and con-
sumption of seedlings, tree-ferns, and through
spreading propagules of invasive plants (for exam-
ple, guava Psidium guajava) (Global Invasive Spe-
cies Database 2010).
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Fig. 22. Feral pig photographed by camera trap at a
wallow (left of photo) in forest above the aban-
doned village of Streatham in the Exclusion Zone (see
Gray et al 2010 for details of camera trapping).
Photo: Montserrat DOE

Feral fowl have reportedly increased in numbers in
Montserrat in recent years, including around the
Woodlands area. Chickens are known to kill and
eat snakes and lizards (Arshad et al 2000; Brock &
howard 1962; Collias & Collias 1967; Collias &
Saichuae 1967; Guthrie 1932) and so are a poten-
tial threat to Montserrat galliwasps, and maybe 1o
juveniles especially.

Although not predators, when infroduced to is-
lands, goats, catftle and donkeys can affect forest
structure and native plant communities through
their grazing and browsing, with knock-on effects
for native animals (Atkinson 2001; Atkinson & Atkin-
son 2000; Campbell & Donlan 2005; Global Invo-
sive Species Database 2010).

Gray et al (2010) have developed a five year Feral
Livestock Action Plan for controlling the negative
impacts of feral animals in and around the Centre
Hills, although this restricts itself to mammalian live-
stock (i.e. not including cats, dogs, fowl or any
undomesticated species).

Cane toads (Bufo marinus, Fig. 23) have been in-
froduced to Montserrat and are now widespread
and common throughout the island. In the Centre
Hills forest, they appear to be highly clustered
around watercourses, rather than dispersed
throughout, and this is in contrast to the (wet seo-
son) distribution of mountain chicken (DOE, pers.
comms.). The cane toad is a generalist and op-
portunist predator. It feeds nocturnally, primarily
on terrestrial invertebrates and small vertebrates. It
also produces toxins in its skin which can directly
kil native predators. In Australia, it is thought to
have important impacts on native frog and toad
communities, through a combination of predation
and competitive interactions, but scientific studies
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confirming their impacts are lacking (Global Inva-
sive Species Database 2010). It seems likely that
an adult cane toad could eat a juvenile Montser-
rat galliwasp, although as with all putative predo-
tors, no evidence exists.

Finally, the agouti (Dasyprocta anfillensis) was
probably infroduced by Carib Indians as a food
source at some time before the arrival of Europe-
ans, and is now widespread through forested ar-
eas of Montserrat (Young 2008); like the red-
footed tortoises (Geochelone carbonia) and
green iguanas (lguana iguana) (also likely and
possible introductions respectively) they are not
thought to impact native wildlife significantly and
are not considered invasive on Monftserrat.

The control of infroduced predators in particular -
rats, cats, dogs and pigs - is likely the most urgent
threat to the Montserrat galliwasp that needs to
be addressed and will be a highly challenging
undertaking. Box 1 reviews some of the strategies
that have been used with success in other coun-
tries.

Fig. 23. Cane toad, commonly found at Woodlands
during searches for the Montserrat galliwasp (photo: E.
Corry / Durrell)



SPECIES ACTION PLAN FOR THE MONTSERRAT GALLIWASP

Box 1. Reducing impacts of infroduced predators: pest-proof fencing and alternative strate-
gies.

Geoff Hilton

Pest-proof fencing is a relatively new conservation management tool, and involves enclosing an
area within a fence, eradicating the chosen pest-species from inside the fenced area, and then
maintaining the fence as a pest-proof barrier in the long-term. It effectively creates a ‘mainland-
island’, protecting native species that are vulnerable to invasive mammals when an island-wide
eradication is impossible. This approach has been largely developed and used in New Zealand,
where invasive mammal species are the main threat to biodiversity.

Perimeter predator-proof fence around Maungatautari mounftain.
Photo.: Maungartautari Ecological Island Trust

Fence design has been the subject of considerable research, aimed at ensuring that they are
100% effective at pest exclusion, long-lasting, and relatively easy to build and maintain. The chief
design features are:

(1) amesh small enough to exclude juveniles of the smallest pest to be kept out;

(2) the fence is high enough to prevent invasives leaping over it;

@) the fence is buried sufficiently deeply to prevent invasives from burrowing under it

(@) the fence cannoft be climbed by the invasive species

(6) there are no weak links, for example around the fence-posts or at corners, which might allow
invasives to climb

(6) overhead vegetation is cleared so that invasives cannot cross the fence by climbing/
jumping through trees

(7) specially designed sections allow the fence to cross streams, steep areas and road-access
points while sfill being pest-proof.

Confinued...
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It is now a standard and widespread technique in New Zeadland, with at least two commercial
fence-making companies, and several thousand hectares of land now enclosed by fences. Ex-
amples include the Maungatautari fence, which runs for 47 km, and encloses 3,400 ha of a for-
ested mountain. This project was developed by a local Trust. The Karori Sanctuary is in the heart of
Wellington, New Zealand’s capital, and has an 8.6 km fence enclosing 252 ha of predator-free
areq.

There have been relatively few fences built outside New Zealand, but the tfechnology is starting to
spread. Of particular relevance to Montserrat are fence developments in Mauritius and Hawaii,
both of which are mountainous islands with tropical rainforest. In Japan cheaper, more flexible
fences, primarily aimed at excluding mongooses.

Alternatives and comparisons

The main alternative to fencing is to maintain ongoing pest control. This is essentially what the
Centre Hills project has achieved in the Fogarty Experimental Area. Rats, pigs and cats can all be
controlled in the long-term, using established techniques. In New Zealand, very large areas are
unfenced, but non-native mammals are continuously controlled to very low levels. Ongoing con-
frol has the advantage of far lower initial capital costs. However, running costs are much higher.
For both fences and control, the cost per unit area goes down markedly as the area protected
goes up. This is because the ratio of the circumference to the area gets smaller as the area gets
bigger. For fences, less fence per hectare enclosed is needed in a big area. For control, the core
area of alarge area is relatively big, and the edge - where the invasion of mammals from outside
comes from - relatively small.

For control to work there needs to be continuous close management by qudlified staff, to ensure
that enough control effort is being put in, and sufficient available motivated field staff to under-
take the control work in all conditions. Thus strong institutions are needed. However, the same is
equally frue of fences, although maintenance costs are typically much lower than control costs.
Fence patrol and rapid response to a fence breakage is essential.

An analysis in New Zealand suggested that at areas above 100-1,000 ha, fences become
cheaper than control over a 25-year period, whereas at areas less than 100 ha, control is usually
cheaper.

However, control has higher risks to non-target animals and is subject to public controversy. It is
generally now possible to control rodents, cats and pigs without serious non-target impacts, be-
cause a large amount of research has been conducted into how to achieve this. However, non-
target risks are not zero, and cannot be discounted. There may be considerable public distaste for
ongoing killing of mammals, especially if poisons are used, and this may lessen support for conser-
vation.

Finally, target alien species within the fenced area will be absent, whereas in an unfenced control
areq, they will always be present, albeit at greatly reduced numbers. If even low densities of aliens
can cause significant ecological damage, then fencing is preferable. In Montserrat, the relation-
ship between alien species density and damage to native wildlife is not well understood and
therefore difficult to demonstrate.

Considerations and options for Montserrat

Any fence designed to protect galliwasps, and perhaps other threatened native wildlife in Mont-
serrat, would probably need to be rodent-proof, as well as excluding the larger mammals such as
cats and ungulates. This is because rats are extremely abundant, and are likely to be the single
most harmful invasive. If rats and mammalian predators are to be excluded, then mice would
probably need to be excluded too, because their populations can explode if they are the only
mammals present in an area. Mouse-proof fences are the most expensive and complex. There
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may be some benefits in developing cheaper ungulate- (and perhaps cat-) proof fences in some
areas. Pigs are currently only present in part of the Centre Hills, and their numbers are probably a
long way short of the peak they will reach if not controlled. However, if they do increase and
spread, their impacts could overwhelm those of other invasive species, being especially important
for ground-dwelling herptiles like mountain chickens and galliwasps. They might also contaminate
water sources.

There would be some practical difficulties with constructing a fence that encloses an area of land
within the Centre Hills forest. Fence construction is much easier if a small bulldozer tfrack can be
constructed to allow easy access and mechanised digging. This would clearly be difficult in many
parts of Montserrat because they are too steep - though perhaps the galliwasp range in Wood-
lands would be one of the easier areas. Difficult areas can be constructed by hand, without vehi-
cle access; in some areas fences have even been built on slopes so steep that abseil access was
needed. However, all of this is more labour-intfensive, and hence expensive. It might also be con-
sidered undesirably intrusive to create a clear-felled track a few metres wide in the Centre Hills.

Fence construction in Montserrat would almost certainly have to use existing New Zealand exper-
tise, probably one of their commercial companies. These companies would supply the design, and
materials could be shipped from New Zealand. Staff from the companies would come out to
guide and supervise fence construction by local labour. The involvement of local staff would of
course be critical to ensuring that the fence can be maintained into the future.

Fence maintenance and durability on Montserrat might also be unusually difficult. Volcanic ash
and acid rain might result in unusually high corrosion rates. Relatively high rates of soil erosion on
steep volcanic soils might also create problems around the fence base. Flash flow in streams might
also create problems, causing heavy stones and sticks to crash into the fence. Periodic tree-fall
onto the fence is more or less inevitable, though it can be minimised by controlled removal of frees
that are in danger of falling. However, major hurricanes that bring down very large numbers of
frees on a single occasion, while creafing institutional chaos that slow down response fimes, are
possibly a major risk.

If a relatively small fence were constructed around the galliwasp known range, there might be
some risk of splitting populations of key native species. This might apply in particular fo Mountain
chickens and galliwasps. A mouse-proof fence has no holes larger than 6 mm diameter. Such an
aperture would probably allow juvenile herptiles to pass through (though this would need to be
established) and so retain gene exchange, but certainly not adults. Thus, existing home ranges of
individuals might be divided, and localised movements of the population prevented. We know too
little about the ecology of the galliwasp to know whether this might be a problem. The obvious
solution is to build a fenced area big enough that this is less of a concern.

Costs

The capital cost of building pest-proof fences is very high. However, maintenance costs, while not
frivial, are relatively low. For building the fence, costs per metre have been informally estimated as
~80-200 GBP per metre by Xcluder, including all vegetation clearance, earthworks, materials, con-
struction labour and freight. It is likely that costs in Montserrat would be towards the upper end of
this range, because of the difficult ferrain and the remoteness of the location.

Since the area of a circle is proportional o the square of the circumference, the cost per unit area
of a fence drops substantially as the area enclosed gets larger. In particular, fences that enclose
less than ~5 ha have costs per ha which are much higher than for larger fences.

In general terms, the cost of a perfectly circular 5 ha and a 10 ha fence, for example in a high pri-
ority galliwasp area, might be £60,000 - £150,000 or £90,000 - £220,000 GBP respectively (but note
that since the enclosure would not be perfectly circular, actual costs would be substantially

Confinued....
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higher). For comparison the cost of fencing the part of Cassava Ghaut watershed that lies within the

Centre Hills Forest Reserve (~80 ha) would be £390,000 - £980,000. The cost of fencing the entire Cen-
fre Hills Forest Reserve (1,169 ha) would be between £1.9 million and £4.8 million (the latter costs are
based on the real shape of the watershed and reserve respectively, rather than on assuming a cir-
cular shape).

Fences need maintenance, and this is an unavoidable ongoing cost. No fence should be built with-
out consideration being given to how this maintenance cost will be sustained. Essentially, fence lines
need checking on a very regular basis - perhaps weekly. After storms, or any other conditions in
which tree-fall is suspected, the response needs to be extremely fast. Therefore materials, staff and
know-how to make rapid repairs needs to be instantly available.

Conclusions

Pest-proof fencing is now an established technique that is known to be feasible and to be capable
of delivering huge conservation benefits in areas where native wildlife is severely threatened by inva-
sive adlien mammals. Fencing could probably be built successfully on Montserrat, but it is likely to be
towards the higher end of the cost scale, and the long-term durability of fences in Montserrat is not
clear.

Fences should not be built unless Montserratian institutions can maintain them, including repairing
them in the event of a major hurricane (and the invading animals removed). Conversely, a fenced
area in Montserrat might be seen as an extremely exciting conservation initiative that would capture
the imaginations of funders and the public, and deliver major conservation benefits. Given the des-
perate status of the galliwasp, it might be worth a relatively large capital investment fo secure its
range free of mammalian predators.

Right: Snap Tfrap used fo remove rafs in
the Cenfire Hills (not at Woodlands) dur-
ing a biodiversity assessment (Young
2008 photo: G. Garcia). Notfe that the
frap is enclosed fo minimize the risk of
collateral damage fo non-rfarget species
such as ground-foraging birds. The ability
of gadlliwasps fo access small crevices
would mean that special care would
need fo be qpplied o making lethal
fraps (or poison baif) accessible tfo rafs
but not galliwasps.

In many respects, not least the low capital costs, ongoing control of invasive mammals might seem
a more viable option than fencing in Montserrat. However, there are major issues of sustainability
and public acceptance that would have to be resolved before it is worth commencing a serious
confrol programme.

The final decision regarding how best to resolve invasive mammal problems in the Centre Hills re-
quires more detailed analysis of more specific options. It would be prudent fo commission a site visit
by a relevant expert, to assess the possibilities for fencing and control and their probable conserva-
fion impacts.

Further information

Clapperton, B. K. & Day, T. D. 2001. Cost-effectiveness of exclusion fencing for stoat and other pest
confrol compared with conventional conirol. DOC Internal Science Series 14. New Zealand Depart-
ment of Conservation, Wellington, N.Z.

Continued....
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Saunders, A. J. 2000. A review of Deparfment of Conservation mainiand restorafion projects and
recommenaations for further action. New Zealand Department of Conservation, Wellington, N.Z.

Karori Wildlife Sanctuary, Wellington,http://www.sanctuary.org.nz/index.html

Maungatatauri Ecological Island, http://www.maungatrust.org/home/index.asp

Pest-proof fence commercial companies:

hito.//www.pestorooffences.co.nz/ouradesign.him/ and hito.// www.xcluder.co.nz

2.4.2.3. Volcanic activity on Montserrat

The Soufriére Hills Volcano at Castle Peak erupted
on 18™ of July 1995 for the first time in 350 years. A
state of emergency was declared in August of
that year and thousands evacuated from the
south of Montserrat. The capital Plymouth was
abandoned along with the southern two-thirds of
the island. In June 1997 the Soufriere Hills volcano
erupted kiling 19 people; Montserrat's airport was
closed, leaving only helicopter or boat access to
the island. There were major collapses of the vol-
cano’s magmatic dome in July 2001, and in July
2003, accompanied by extensive ash falls affect-
ing the Centre Hills. The 2003 eruption was the larg-
est since 1995 and destroyed many buildings on
the edge of the Safety Zone. In July 2005, Gerald's
Airport opened, replacing W. H. Bramble airport
destroyed in the 1997 eruption. Further major
dome collapses occurred in 2006, 2008 and 2009
with the most vigorous activity of the whole erup-
fion during the period October 2009 to February
2010 when the most recent major dome collapse
occurred. A detailed chronology of all the vol-
canic events from 1995 o the present is available
online (Montserrat Volcano Observatory 2010).

At present, nearly 60% of Montserrat’s land area is
within the Exclusion Zone. The Montserrat galli-
wasp’s known range has remained within the
Safety Zone throughout the emergency, although
this is an area only 2.5 km from the edge of the
Exclusion Zone at its nearest point (see Figs. 18, 24,
25).

There is little data on habitat loss or habitat regen-
eration over the history of the volcanic emer-
gency 1995 to the present, but it seems the forests
of the South Soufriere Hills themselves are mostly
completely destroyed by pyroclastic flows, as op-
posed to being degraded by ash falls as has hap-
pened in the Centre Hills. An area of surviving for-
est in the South at Roche’s Estate has been esti-
mated at roughly 137 ha from aerial photographs.
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Fig. 24 Collapsed volcanic dome, Soufriere Hills.
Photo: G. Garcia / Durrell

It is reported, anecdotally, that during the period
1996-1998 there was a high frequency of ash fall
and explosive events resulting in a near-continual
high level of ash in the north, with a widespread
albeit not deep coverage. There is suspicion,
again based on anecdotal reports, that this had a
strong effect on arthropod and probably other
invertebrate populations in the north of Montser-
rat. Research on canopy insects indicates large
but ephemeral effects of ash fall on canopy in-
sects, with some suggestion that ground-dwelling
insects were more seriously impacted (Marske
2004, Ivie et al 2008). Recovery appeared to be
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Fig. 25. Heavy ash fall at Fairy Walk, February 2010. Woodlands has experienced similar ash falls over the
past 15 years, as well as numerous lesser ash falls. Photos: S. L. Smith.

rapid (within weeks to a few months). There were
presumably consequent knock-on effects on ver-
tebrate consumers, although Dalsgaard et al.
(2007) showed that most bird populations in the
Centre Hills were not strongly impacted overall.

The Woodlands area has been relatively little im-
pacted over the past few years, though foliage,
leaf litter and soil continue to receive light dustings
of acidic volcanic ash. It seems likely, from what
little historical data is available, that the present
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restriction of the Montserrat galliwasp to a very
small area is not the result of the current volcanic
emergency but was the case prior to the 1995
erupfions. However, any additional impacts that
this volcanic activity may have had on the galli-
wasp population remain unknown, and the possi-
bility of future eruptions destroying the current
range of the Montserrat galliwasp remains.
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24.2.4. Human persecution and unintentional
killing.

Although other galliwasp species are feared by
people - based on the mistaken belief they are
venomous - and, as a result, persecuted (Shaw
1802; Lynn & Grant 1940, cited in McGinnity 2002;
Myers 1973), there are no reports of such threats to
the Montserrat galliwasp. Presumably the extreme
rarity of sightings on Montserrat, if nothing else,
would account for this. On a related point, the
(unproven) possibility of accidental poisoning of
galliwasps in the Woodlands area through reckless
pest control efforts has already been mentioned
(section 2.4.2.7).

2.4.2.5. Inferred small population size.
Given the apparently extremely small global

range of the Montserrat galliwasp (section 2.2.1),
the population is inferred to be, inevitably, very

small (albeit of undetermined size; section 2.2.2).
This small population, and the fact that it is known
only from a single location, makes the threat of
stochastic (unpredictable) events to the populo-
tion very severe. These events could be catastro-
phic - such as hurricanes, volcanic events, wild-
fires, or any other potential catastrophes - or sim-
ply random demographic effects associated with
small populations.

One response to the threat of extinction through
stochastic events could be to establish an ex situ
(captive) “safety net” population. Recent efforts
at Nashville Zoo (McGinnity 2002) and Durrell
(Goetz 2008) have successfully bred the giant Hai-
tian galliwasp C. warreni This species could be
viewed as an analogue for the Montserrat galli-
wasp and the breeding programme for it consid-
ered a model for an ex situ intervention. More de-
tails of this programme are shown in Box 2 and
Goetz's (2008) husbandry guidelines are ap-
pended (Annex 6).

Box 2. The ex situ component of a conservation plan for giant galliwasps

Gerardo Garcia

Nashville Zoo has been keeping and breeding this species since 2000. Over 300 offspring have
been produced from the founder population from the nine males and nine females originally
taken from the wild the Come Hombre forest in the Dominican Republic. As an extension to this
effort, Durrell has produced 97 offspring from two females breeding over a three year period. C.
warreni has been successfully bred in capfivity, producing an F2 generation (“*grandchildren”)
and with a low mortality rate (less than 4% at Nashville Zoo; 0% at Durrell in three years).

C. warrenibreeding facility at Durrell, 2007. Photo: G. Garcia / Durrell

Confinued....
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Durrell’s breeding programme successfully achieved a number of objectives:

Maintaining and breeding adult C. warren/and their offspring successfully for 3 years.

Continuing the development of feeding techniques (using live invertebrates and a failored
meat mix formulation) for adults and juveniles.

Developing ex situ procedures (some of which may have in situ applications) including tech-
niques for:

- Individually marking galliwasps using implanted passive infrared transponders

- Health screening (blood sampling from the tail)

- Monitoring pregnancy using ultrasounds and x-ray.

X-ray of pregnant C. warreni. The white speckles between the ribs are the skulls of developing em-

bryos. Photo: J. Lopez / Durrell

A number of factors have contributed to the success of the breeding prograsnme:

Low cost of facilities and maintenance.
Extremely high fecundity and survival rate of C. warreni.

Smalll size of the species and relatively straightforward food, space and general maintenance
requirements.

High degree of predictable behaviour and physiology in the species (as long as certain basic
environmental parameters are replicated in captivity).

Little veterinary intervention required.

The rapid success of the captive programme, easy setup of facilities and modest space required

Confinued....
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to maintain a head starting and/or captive breeding programme of the species - achievable
either within the host country and/or overseas - demonstrate the potential value of an ex situ for
maintaining “safety net” populations and producing stock to augment in situ populations.

The guidelines developed by Goetz (2008) have proven easily portable to other institutions (four in
total in Europe).T reating C. warreni as an analogue species, it is believed these guidelines would
also be straightforward to port to the husbandry of any ex situ populations of the Montserrat galli-
wasp.

C. warrenihatchlings bred at Durrell. Photo: G. Garcia / Durrell

There are plans to develop a similar breeding programme for the egg-laying species D. monofro-
pis (considered by Underwood (1964) to be the Montserrat galliwasp’s closest relative, although it
is not established whether the latter is egg-laying or live-bearing) although there have been prob-
lems with successfully hatching eggs (McGinnity, pers. comm.). This will be used as an analogue
species for D. millepunciatus, another species which - although at high densities - is restricted to a
very small range and thus susceptible to population declines or extinction through stochastic
events.

Further information

McGinnity, D. 2002. 7The conservation inifiafive for giant galliwasps at Nashville Zoo. A preliminary
account. International Zoo News 49: 396-403.

Goetz, M. 2008. Hispaniolan galliwasp Celestus warreni husbanary guidelines. Unpubl. Report. Dur-
rell Wildlife Conservation Trust. 1-3.

A copy of Goezt’s (2008) husbandry guidelines is appended (Annex 6). Note that Nashville Zoo do
not rear offspring separately from mothers as has been done at Durrell (D. McGinnity, pers.
comm.)
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2.5. Protection status

The laws of Montserrat are comparable to those of
other Commonwealth Caribbean Countries, some
(e.g. Beach Control, Agricultural Small Holdings
legislation) being enactments common to several
countries. Some (e.g. Fisheries, Pesticides, Physical
Planning legislation) are based on OECS Model
Acts, designed for Small Island Developing States
(SIDS). Hence, existing laws provide a comprehen-
sive framework for governance, but are not spe-
cifically designed for Montserrat. One strength is
that the law provides key elements of a legal
framework for biodiversity conservation:

e /n sifu conservation of species, including en-
demic, endangered and threatened species

e Conservation of critical habitats

e Designation and Management of Protected
Areas

e Control of influx of exotic organisms

e Regulation of natural use/

exploitation

resource

e Fulfiment of international legal obligations

Under Montserrat’s Forestry, Wildlife, National Parks
and Protected Areas Ordinance (1996) the Mont-
serrat galliwasp is, apparently in error, not listed as
protected or partially protected wildlife, which
means any hunting or otherwise killing of it cannot
be regulated. All wildlife is deemed to be the
property of the Crown and a wildlife survey is re-
quired to be made every 10 years. Wildlife are
clossified info 3 groups - protected, partially pro-
tected & unprotected species

e Over 50 species of birds are protected, includ-
ing the Montserrat oriole (Icterus oberi)

o All reptiles are protected, except the iguana,
the Montserrat galliwasp and the Montserrat
anole Anolis lividus, the latter two endemic to
Montserrat,

e All amphibians are protected, except the
rmountain chicken.

The known cluster of Montserrat galliwasp sightings
lies largely outside the current boundary of the
Centre Hills Protected Forest, gazetted in 2000 (see
Figs. 5 (inset map) and 26). Most of the Reserve is
privately owned. Some management agreements
have been reached between the DOE and pri-
vate landowners, to ensure land management
prescriptions that are beneficial to biodiversity,

Fig. 26. The Centre Hills, Montserrat. Photo: R. Young / Durrell
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and tox concessions are offered to land owners
with land given protected status. Once enacted,
the Conservation and Environmental Manage-
ment Act (CEMA; see below) wil provide a
mechanism for extending the protected forest
boundary.

Montserrat is not yet included in the UK's rafifica-
fion of the Conventfion on Biological Diversity
(CBD). though it is hoped this is will eventually be
done. It is included in the UK'’s ratification of the
Convention on the International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES). The
enabling legislation for CITES is the Endangered
Animals and Planfs Ordinance (1976). However,
the Montserrat galliwasp is not listed under any
CITES schedule as there is believed to be no signifi-
cant international trade in this species.

A revision of environmental laws in Montserrat has
been completed as part of the Centre Hills Project
to produce CEMA, which currently exists as a bill
and regulations. Once enacted, CEMA will rectify
the anomaly of the Montserrat galliwasp being
unprofected and confer on it the full protection of
being a protected species of wildlife. CEMA wiill
have other implications for protection of the Mont-
serrat galliwasp. For example, the act calls for the
development of a National Parks & Protected Ar-
eas (NPPA) Plan and requires that land must be
designated to protect biodiversity (which would
include the Montserrat galliwasp). It also allows for
Protected Areas to be gazetted prior to comple-
tion of the NPPA plan and makes provision for a
number of types of Protected Areas, at least two
of which have potential for extending further pro-
tection to the Montserrat galliwasp: Nature Re-
serves and National Parks.

2.6. Relationship with other biodiversity conser-
vation organizations, actions & strategies

The Department of Environment of Montserrat’s
Ministry of Agriculture, Lands, Housing & The Envi-
ronment (http://www.malhe.gov.ms) has responsi-
bility for biodiversity conservation. The main con-
servation NGO in the Territory is the Montserrat
National Trust (http://
www.montserratnationaltrust.com). It is mandated
to preserve and protect the natural, historical and
cultural heritage of Montserrat.

The Organisation of Eastern Caribbean States
(OECS), the Government of Montserrat and the
Montserrat National Trust have ongoing strategies
for environmental management, biodiversity con-
servation and sustainable development. A No-
tional Tourism Strategy & Plan, developed in 2004,
describes a vision for the development of tourism
as a major contributor to the island’s economy
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during 2004-2010. A substantial part of this plan
focuses on the potential to increase nature tour-
ism to the island, through provision of trails, guides,
etc. The St George’s Declaration of Principles for
Environmental Sustainability in the OECS (SGD)
(http://www.oecs.org/esdu/SGD.htm) is a commit-
ment (made in April 2001) by Member States of
the OECS to the actions necessary to achieve de-
velopment goals in ways that ensure that environ-
mental quality is maintained or improved. By sign-
ing up to the SGD, Montserrat’s Government com-
mitted itself to, developed and implemented a
National Environmental Management Strategy
(NEMS), which is the mechanism by which the SGD
is given effect at the national level. The NEMS in-
volves identifying environmental obligations, envi-
ronmental management priorities, capacity for
implementing and monitoring environmental man-
agement initiatives, adequacy of legal and institu-
tional frameworks, financing and public aware-
ness

The Government of Monfserrat has also adopted
the UK Overseas Territories Environment Charter
(http://www.fco.gov.uk/Files/kfile/
montserratcharter.pdf and http://
www.fco.gov.uk/Files/kfile/
montserratcommitments.pdf), which setfs out guid-
ing principles and commitments for sound environ-
mental management. Among the guiding princi-
ples is to ‘safeguard and restore native species,
habitats and landscape features, and conftrol or
eradicate invasive species’.

To date most funding for environment and conser-
vation work in Montserrat has been received from
international donor agencies and UK Government
funds: Department for International Development
(http://www.dfid.gov.uk/countries/caribbean/
montserrat.asp) the Foreign & Commonwealth
Office (htftp://www.fco.gov.uk), and Department
for Environment, Food and Rural Affairs (hitp://
www.defra.gov.uk/wildlife-countryside/index.htm,
http://www.darwin.gov.uk). Several UK based
non-governmental organisations have a long his-
tory of involvement in Montserratian conservation,
working in partnership with the DOE and/or the
Natfional Trust. These are the Royal Society for the
Protection of Birds (RSPB, http://www.rspb.org.uk/),
the Royal Botanic Gardens, Kew (RBG-Kew, hitp://
www.rbgkew.org.uk/), the Durrell Wildlife Conser-
vation Trust (Durrell, http://www.durrell.org/) and

Fauna and Flora International (FFI, http://
www.faunaflora. org). Academic researchers

have also been active in recent years, most nota-
bly entfomologists from Montana State University
(http://entomology.montana.edu/), bat experts
from South Dakota State University (hitp://
biomicro.sdstate.edu/pederses/mnires.ntml) and
marine turtle experts from the University of Exeter
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(http://www.seaturtle.org/mtrg, and http://
www.sedturtle.org/mirg/projects/tukot). The UK
Overseas Territories Conservation Forum (UKOTCEF,
http://www.ukotcf.org) brings together NGOs and
other organisations involved with conservation in
UK Overseas Territories.

In 2005, Durrell coordinated the ‘Centre Hills Biodi-
versity Assessment’ (CHBA., http://
www.durrellwildlife.org/index.cfm?p=307) in col-
laboration with MNT, MALHE and taxon experts
from Jersey, the UK and USA. Two Montserrat galli-
wasps were found during the herpetological sur-
veys of this assessment. Durrell also collaborated
with DOE on Corry et al’s (in prep) 2008 survey
searching for the Montserrat galliwasp.

Montserrat forms a part of the Caribbean Islands
biodiversity hotspot (http:.//
www.biodiversityhotspots.org/xp/Hotspots),  as
identified by Conservation International. The Criti-
cal  Ecosystems  Partnership  Fund  (http://
www.cepf.net/xp/cepf), a large-scale funding
mechanism for hotspots, is due to open for the
Caribbean in July 2010. Montserrat is also an
‘Alionce for Zero Exfinction” site (htip://
www.zeroextinction.org/selection.htm), as it is a
discrete area with more than one endemic
‘Critically Endangered’ species. Other regional
NGOs with an interest in Montserrat are the Island
Resources Foundation (IRF) (http://www.irf.org)
and the Society for the Conservation and Study of
Caribbean Birds (SCSCB) (http://
www.nmnh.si.edu/BIRDNET/SCSCB/index.html

2.7. Stakeholder Analysis

People and groups who have a stake in the imple-
mentation and outcome of the plan have been
identified (Annex 3. Stakeholder analysis), along
with their interests, activities, how their activities
impact on the species (positive or negative), in-
tensity of the impact, and proposed mitigating
action(s). Most of the stakeholders identified will
contribute positively to the project and there are
a large number of local organisations that could
assist in raising awareness.

A number of stakeholders did not participate in
the SAP workshop, including a few who had been
invited but were unable to aftend, most impor-
tantly land owners and residents from Woodlands
Spring. A focus group discussion for these stake-
holders was also not well attended, but those who

did aftend provided a lot of valuable information
and insights to this Plan, particularly as it relates to
how Woodlands residents can contribute to the
survival of the Montserrat galliwasp. This informa-
tion is recorded in Table 2: Projects and Activities.

2.8. Factors influencing success of action plan
implementation

The Montserrat galliwasp is little known in Montser-
rat or in the wider world and a lack of awareness is
one of the first challenges to the successful imple-
mentation of this Plan. However, it is important to
consider all the risks and opportunities affecting
the implementation of the plan. These are summao-
rised in Annex 4 (Factors affecting action plan im-
plementation), which indicates the positive or
negative impact of each factor.

One factor essential to the successful implementa-
tion of this plan is the capacity within Montserrat
required for delivery. Effective coordination and
monitoring from within Montserrat will be crucial. In
support of this, we see the appointment of an SAP
Manager - to manage and, crucially, raise funds
for both this Plan and the others produced by the
project of which it is a part? - to be a keystone
action. The success of this, and the other SAPs, will
depend on achieving this action.

Two areas of this plan are likely to be very expen-
sive, namely the acquisition of undeveloped pri-
vate land parcels and the establishment of an
area protected by a predator-proof fence. The
latter action will require careful scoping to evalu-
ate feasibility. If a predator-proof fence is consia-
ered unfeasible, a contingency action will need to
be identified and implemented; some alternative
options to a physical fence are outlined and dis-
cussed in Box 1.

In the wildlife conservation sector in Montserrat,
there is currently a heavy reliance on a very small
number of key individuals. At the same fime, there
are many urgent priorities for resources on Mont-
serrat due to the volcanic crisis. As a UK Overseas
Territory, Montserrat is excluded from some fund-
ing sources, such as the Global Environment Facil-
ity, while current UK Government funding is small,
relative to that provided for nature conservation in
the ‘metropolitan UK’ (Pienkowski 2005, UKOTCF
2005).

2 The other SAPs developed under this project are for the mountain chicken (Lepfodactylus fallax) on Montserrat, the
orchid Epidendrum montserratense and the shrub Ronadeletfia buxifolia, and the yellow-shouldered volcano bat,

Sturnira thomasi vulcanensss.
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3 Action programme
3.1. Vision, aim and objectives

The vision for this plan looks 20 years ahead info
the future. The aim is time-bound to the five year
duration of this plan and can be monitored and
evaluated using measurable indicators.

Development of the objectives in this programme
was guided by the problem and solution frees pro-
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duced during the workshop (see Annex 1). Objec

tive 0 (zero) is not an end in itself but was identified
as essential to ensure the other objectives are
met.

Throughout this plan, reference is made to a gaili-
wasp reserve, a fenced area (within which all tar-
get dlien invasive species are to be eradicated)
and a buffer zone. Note that the use of the phrase
farget alien invasive species refers to the fact that
there may be no aftempts to eradicate certain
alien species (for example agouti). The spatial re-
lationship between the planned reserve areas is
represented diagramatically as follows:

KEY:

reserve

buffer

fenced

trails

Galliwasp reserve design
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Table 1. Vision, aim and objectives: their justifications and indicators.

Vision (over 20 years)

Description and justification

Indicaftors

Montserrat supports a
secure, self-sustaining
population of  wild
Montserrat galliwasps,
co-existing with peo-
ple, and nationally
and globally valued

‘Security” refers to addressing the
extiremely high risk of exfinction of
the Montserrat galliwasp’s global
population, which is currently re-
stricted to a very small area. ‘Self-
sustaining’ refers to the wild (in sifu)
population and implies ex sifu inter-
vention, or other intensive ongoing
management, would no longer be
required. ‘Co-existence with peo-
ple’ recognises that in Montserrat
this species can necessarily only
exist in close proximity to people or
in areas also used by people.
‘Nationally and globally valued’
means that the Montserrat galli-
wasp is of some recognised benefit
to people

The Montserrat galliwasp is
downlisted to Endangered.
This could be achieved by a
galliwasp population of:

e of more than one site and

e of more than 50 mature indi-
viduals and

e not declining in range or
numbers

‘Self-sustaining” means no on-
going ex situ management for
galliwasp conducted over a
five-year period. This would
mean that we are not having to
continue to head-start, franslo-
cate efc.

Human access to areas in
which galliwasps occurs is man-
aged for their conservation.

The species is included in pro-
motional or cultural materials for
Montserrat and is a reason for
scientists or tourists to visit Mont-

Aim (over 5 years)

Description and justification

Indicaftors

Increase the size of
the Montserrat galli-
wasp’s global range
and establish an ex
sifu  breeding pro-
gramme

In situ refers to Montserrat galliwasps
living in the wild; ex sifu refers to a
proposed population of Montserrat
galliwasps, bred and/or reared in
captivity at a site in Montserrat. The
ex sifu population can only confrib-
ute to a sustained increase in the /in
situ population if threats in the
known range are first reduced (and
kept reduced), and only with the
ongoing support of the people of
Montserrat through awareness rais-
ing and sensitization to the plight of
the species.

At least three clutches of Mont-
serrat  galliwasps  produced
and/or reared (fo 1 year-old) in
captivity in Montserrat.

At least three clutches of Mont-
serrat galliwasps released info
the known range at Wood-
lands.

Invasive alien vertebrate spe-
cies are confirmed absent
within the perimeter of a predo-
tor-proof fence encompassing
a significant proportion of the
known Montserrat  galliwasp
range at Woodlands.

If fencing is not feasible, intro-
duced predator numbers are
substantially reduced in number
and maintained at a low level
in an area designated for inten-
sive predator control

Cont....
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Aim (over 5 years)

Descripfion and justification

Indicarors

Populations of other herptile
species, and (if possible to
measure) Montserrat galliwasp,
increase within the area in
which invasive alien vertebrate
species are controlled.

Measurable changes in human
behaviour among residents and
users of the Woodlands site,
specifically reduced numbers of
free-ranging domestic cats and
dogs and any built develop-
ment is built fo galliwasp friendly
guidelines.

Objectives ( 5 years)

Descripfion and justification

Indicarors

0. The Montserrat galli-
wasp SAP is success-
fully coordinated by a
Montserratian team
and resources are ob-
tained to carry out the
projects in the plan.

A team of Montserratian profession-
als will co-ordinate the projects and
activities outlined below and moni-
tor the achievement of SAP mile-
stones.

A Species Interest Group (SIG) will
act as an advisory body.

Several of the objectives will require
significant financial and human re-
sources, and therefore obtaining
these resources will be a major chal-
lenge that needs addressing.

A named group of Montserra-
tian professionals has salaried
time assigned to the role of SAP
coordinators.

A SIG is formed from relevant
technical advisors and regularly
corresponds by email to advise
on priority activities outlined in
the SAP.

1. National and inter-
national awareness of
the value and status of
the Montserrat galli-
wasp and its habitat, is
raised sufficiently to
ensure support for, and
participation in, vital
conservation activities.

All the actions identified in this plan,
but especially the in sifu actions (i.e.
in and around the known Montser-
rat galliwasp range at Woodlands),
will need the support of the people
of Monftserrat.

Significant resources for the ambi-
tious activities described in this plan
will need to be obtained from inter-
national conservation donors, and
to achieve this, awareness raising
will be necessary.

It is critical that people are not only
aware of the plight of the Montser-
rat galliwasp but also sensifive to it
to the point that they modify their
behaviour in a way that reduces
believed negative impacts on this
species. These impacts are primarily
from residential development and
associated activities (land clear-
ance) and domestic pets that can
act as predators (cats and dogs)

The proportion of people in
Montserrat that are aware the
Montserrat galliwasp is a threat-
ened endemic, and aware of
the threats it faces, increases.

Land clearance (free and boul-
der removal) in plofs not devel-
oped immediately afferwards,
decreases.

Land clearance (free and boul-
der removal) in  existing
(inhabited) residential plots is
reduced.

The number of unrestrained do-
mestic dogs within the Wood-
lands area decreases.

Cont....
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Objectives ( 5 years)

Descripfion and justification

Indicaftors

The number of domestic cats
outdoors af night in the Wood-
londs area decreases during
the lifetime of this plan.

A community based organiza-
tion (CBO), located in the
Woodlands areq, is established
and facilitated to assist in moni-
foring and managing the
Woodlands area.

(Optionally) The number of do-
mestic cafs in the Woodlands
area that are spayed increases
during the lifetime of this plan.

(Optionally) The number of do-
mestic cats in the Woodlands
area does not increase during
the lifetime of this plan.

Possibly the ‘during the life-
fime..” bit can be omifted, since
it is an indicator of a plan ob-
jective, it is kind of self-evident
that it is fime-bound in this way.

2. The Forest Reserve,
plus additional land
outside the Forest Re-
serve, is managed -

through acquisition
and/or agreement -
by a community
based organization

(CBO) facilitated by
DOE.

Based on our current knowledge of
the Montserrat galliwasp, site-based
conservation - with the sole site (at
least initially) being in the Wood-
lands area - appears to be the pri-
ority strategy. The galliwasp is
known to occupy an area that in-
cludes

e a small part of the Centre Hills
Forest Reserve that is not actively
managed for galliwasps at pre-
sent;

e Crown Land, not actively man-
aged for conservation at pre-
sent;

e private land sub-divided into
plots designated for residential
development.

Management of (iii) will require vol-
untary agreement (codes of prac-
tice) with privafte landowners and/
or acquisition of parcels of private
land by/for GOM to allow effective
management. A Woodlands CBO
will play a key role in this (see Ob-
jective 2).

A Management Plan for the
galliwasp reserve is imple-
mented by the end of this plan.
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Objectives ( 5 years)

Description and justification

Indicators

3. The impact of inva-
sive dlien species on
Montserrat  galliwasps
is reduced by estab-
lishing a fenced re-
serve free of target
species.

Target invasive dlien species are
kept clear from an area encom-
passing the majority of the currently-
known Montserrat galliwasp range
by eradication, and establishing
and maintaining a predator-proof
fence to prevent re-invasion.

Invasive alien species and residen-
tial development pressures have
been identified as the main puto-
five threats facing the Montserrat
galliwasp. These two threats are
linked via domestic pets
(predators).

A managed area kept clear of tar-
get alien species will provide a site
in which tfo reinfroduce captive
bred and/or reared galliwasps in
order to increase the /in sifu popula-
tion size.

Impacts of this action on species of
conservation concern (proxies for
the Montserrat galliwasp) will be
monitored against baselines estab-
lished before fencing and eradico-
tion.

Clearly, achieving Obj. 2 is a neces-
sary condifion for this Objective.

A scoping report on the feasibility
of funding, building and maintain-
ing a predator-proof fence is
completed.

If feasible:

A reserve containing a predator-
proofed fenced area is built.

Monitoring indicates that the
predator-proof fenced area is
free of rats, goats, pigs, fowl, cats
and cane toads.

If not feasible:

A programme of predator control
is operational; bait-take and trap
returns are being monitored. Bait-
take and trap returns are held at
consistently low levels (relative to
the baiting and frapping effort
deployed).

4. A captive-breeding
programme, with
frained staff, is estab-
lished in Montserrat
with the aim of releas-
ing galliwasps info the
wild in  Woodlands
and/or a second site.

An ex sifu (but in Montserraf) pro-
gramme of breeding and/or rearing
(headstarting”)  Montserrat  galli-
wasps will allow us to increase the
size of the population /in sifu by re-
stocking the known range.

In the longer-term (beyond the life-
time of this plan) the aim is fo con-
duct galliwasp reintroductions in
additional areas on Montserrat and
thereby increasing the species’
range.

This Objective carries high risks (of
further depleting the in sifu populo-
fion and/or of not capturing
enough genetic diversity in the ex
situ population). However, the SAP
workshop determined that the risks
of not meeting this Objective (i.e.
extinction of the galliwasp) were
higher.

This Objective is only worthwhile if
Obj. 3 is achieved. It is not an end in
itself. It is not infended to produce a
‘safety net’ population, rather to re-
stock the /in situ population.

A minimum of one pair of galli-
wasps are managed ex sifu at a
Montserratian site at some point
during the lifetime of the plan.

Montserratian staff are responsible
for the day-to-day running of the
ex sifu facility.
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Objectives ( 5 years)

Description and justification

Indicaftors

5. DOE declares a
Montserrat  galliwasp
reserve in the Wood-
lands areq, under the
CEMA act.

CEMA is in final draft. It makes the
Montserrat galliwasp a protected
species (which, under current Mont-
serrat legislation it is not) and allows
for the declaration of reserves of
various types, with at least two
types having potential to be used
to secure the galliwasp site for con-
servation.

CEMA also allows for regulations to
be created to enforce reserve man-
agement prescriptions.

It may also be possible to create a
regulation under existing planning
low fo reduce (but not eliminate)
instances of land clearance where
this is done solely as a means of
minimal complionce with planning
permission.

A galliwasp reserve is declared.

Regulations are developed and
in place in accordance with
the needs of the management
plan (Obj. 2).

6. Research and a
monitoring scheme
underpin manage-
ment decisions and
allows success to be
monitored.

A weakness in this plan is the current
inability to directly monitor impacts
of the proposed actions on the
Montserrat galliwasp. This will be
partly addressed by monitoring
other, proxy species (under Obj. 3).
However, this Objective will seek
primarily to identify methodologies
that will allow us to monitor impacts
on the galliwasp directly.

An additional site for future (beyond
the lifetime of this plan) reintroduc-
tions will also be identified under this
Objective.

An analysis of genetic diversity in
the Montserrat galliwasp population
will allow optimal management of
the ex sifu population and of future
(beyond the lifetime of this plan)
reinfroductions to additional areas.

A gadlliwasp monitoring scheme
established and maintained
within the Montserrat Biodiver-
sity Database by the end of the
plan.

At least one scientific paper on
galliwasp conservation and/or
ecology published by the end
of the plan.
A second reintroduction site
identified.

An assessment of genetic vario-
fion in the galliwasp population
completed.
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3.2. Projects and activities

Framework Objective 1 (awareness raising and
sensitisation, particularly for users of the Wood-
lands areq) is seen as a necessary condition for
Objectives 2 and 3 (identifying, demarcating and
predator-proof-fencing an area encompassing at
least a large part of the known Montserrat galli-
wasp range) to succeed. Objective 4 (breeding
and/or rearing Montserrat galliwasps in captivity) is
only justified if Objectives 2 and 3 are achieved.
Objective 5 (enacting legislation for declaring a
reserve) is necessary for establishing the legal
framework for Objective 2 (identifying and demar-
cafing a galliwasp reserve). A number of monitor-
ing activities will be needed to ensure Objectives 2
and 3 are achieving their targets; in addition,
other research activities (Objective 6) will inform
management actions to conserve the Montserrat
galliwasp /n siftu and ex situ. Objective 0 is an over-
arching set of project management and resourc-
ing activities to ensure the remaining Objectives
(1-6) are completed.

The Projects below unpack the finer details of the
objectives. Completion of all the projects listed for
an objective should mean that the objective will
be achieved. A project is a broad concept of
what needs to be done and includes a set of ac-
fivities. Projects or groups of related projects are
shown under headings highlighted in yellow, with
project activities detailed under each heading.

Note that the activities under section 3.4 in the
following table (reducing abundance of target
invasive alien species) can be adapted to cover
ongoing predator control if, following scoping,
establishment of a predator-proof fence is as-
sessed as being not feasible.

Priority indicates the importance (Critical - High -
Moderate - Low) of the project activities to the
achievement of the overall goal and vision of the
Plan.

Agencies responsible for leading each action are
listed (see Acronyms).

Costs are estimated as overall cost during the life-
time of the Plan, in thousands of US Dollars, except
where followed by p.a., which indicates costs per
annum.

Timescale indicates the period of time (n quar-
ters) during which an activity will be conducted
(e.g. Q3 2011 - Q3 2011). A few activities will need
to be ongoing, continuing beyond the lifetime of
this 5 year plan.

Objectively verifiable Indicators which demon-
strate that the project has been successfully car-
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ried out are listed.

Risks and Opportunities that might affect the
execution of the project are presented.

The Project tfimetable summarizes the information
in the Timescale column on a single chart to give
an overview of the projects plan. A few activities
planned fo be still ongoing at the end of the 5
year plan (i.e. at the end of Q3 2016) are indi-
cated. Only magjor project activities are shown
here, not the detailed sub-activities unpacked by
the projects table.
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4 Monitoring and evaluation
plan

Indicators for each project are identified in Table 2
to measure progress. A mid-term review will be
held two years info plan implementation o see if
the plan is on target. A keystone action in this plan
is the recruitment of a salaried SAP Manager to
manage both this and other Montserrat SAPs in
liaison with individual SAP coordinators or coordi-
nating tfeams. A key role of this SAP Manager will
be to raise funds for the implementation of these
plans. A workshop will be held towards the end of
the five years to develop the next plan.

The M & E plan is the means by which progress
towards achieving the objectives and aim of the
action plan are determined. The M & E plan is to
be prepared by adding two columns to the Pro-
jects Table, one for recording the completion date
of projects/activities and another for inserting ad-
ditional remarks. The SAP coordinator fills in the
information over fime. The completed Project To-
ble provides easily accessible information on con-
servation progress for the species.
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Annex & Biology of galliwasps (genera Ce-
lestus and Diploglossus)

The following table uses the classification in Sav-
age, Lips & lbanez 2008 (Table 2) - which is largely
consistent with Henderson & Powell 2009, Hedges
2010 and JVCI 2010 - but with the following ex-
ceptions:

® (. qgasepsoides and C. haetiana (Henderson
& Powell 2009, Hedges 2010) are not classified
here as Sauresia agasepsoides and S. haetiana
(the genus Sauresi is tfreated as separate but
nested with Djploglossus by Savage, Lips &
lbanez 2008).

® C. maculatus and C. molesworthi are treated
here as separate species (following Henderson
& Powell 2009 and Hedges 2010), and not as
subspecies of C. crusculus (as, for example, by
JCVI2010). (Savage, Lips & lbanez 2008 also do
not recognize these species but do not men-
tion subspecies).

Following Savage, Lips & lbanez 2008, three spe-
cies listed by JCVI 2010 are not included in this
table; they are:

® Diploglossus microcephalus Hallowell 1856

Small-headed Galliwasp (Mexico)

® Diploglossus microlepis Gray 1831 Small-lipped
Galliwasp (unknown locality)

® Dijploglossus owenii Duméril & Bibron 1839

(Mexico, Guatemala)

All are listed by JVCI as of “unclear status”; none
are listed on multiple other herpetological check-
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lists (e.g. Liner 1994, 2007); and none appear to
have any references to them beyond the 19"
Century.

SVL = moximum reported snout-vent length, for
males in all cases except C. duquesneyi, C. fowl-
eri, C. macrotus, C. microblepharis, C. montanus

“Long-armed” refers to species with arms longer
than the snout-ear distance; “short-armed” spe-
cies have arms equal or shorter than this.
"Members of the long-arm group live in stone-
walls, cliffs, heaps of coconut husks or similar dry
habitats. Members of the short-arm group live be-
neath objects or among dead leaves and escape
by wriggling" (Grant 1951, referring to (C. duques-
neyi, C. heward C. occiduus (long-armed); C.
maculatus, C. crusculus, C. molesworthi and D.
pleii (short-armed)).

West Indian species are shown with their Latin
names in boldtype.

* indicates references that were not available to
consult directly in compiling this table; these may
contain addifional information that can be used
to expand upon this table. Henderson & Powell
(2009), however, provide a very comprehensive
and up to date review of all of the West Indian
species and so the following table is unlikely to
have any significant gaps in what has been re-
ported for those 26 species.

NOTE: for reasons of space, some fields in the fol-
lowing table are consolidated into single columns
(Habitat and Elevation; Behaviour plus Reproduc-
fion plus SVL). For ease of sorting and filtering, a
Microsoft Excel spreadsheet version of this table
with these fields as separate columns is also avail-
able.
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Annex 6. Hispaniolan galliwasp Celestus
warreni husbandry guidelines

Matthias Goetz
Durrell Wildlife Conservation Trust

Fig. 1: Adult male C. warreni(MG).

Infroduction

Giant galliwasps are diploglossine anguid  lizards
restricted to the Neotropics. They are live-bearing
skink-like lizards, and reach maximum snout vent
lengths greater than 200 mm. They are rarely
seen, as they are nocturnal and semi-fossorial
Four species in the genus Celesfus collectively
known as West Indian giant galliwasps, occur or
occurred on Jamaica and Hispaniola.  Celestus
occiduus is endemic to Jamaica, Celestus warren/
is restricted to Haiti and Celestus anelpistus and
Celestus carraui are only found in the Dominican
Republic. The last two species are now believed to
be subspecies of C. warreni (Hallermann & Bohme
2002); C. carraui might be a synonym to C. war-
reni (Powell and Henderson 2003).

Distribution

The range of C. warreniis limited to a now mostly
deforested area of northern Haiti, where it occurs
up to moderate elevations.

Habitat

C. warreni, like other galliwasps, occupies semi-dry
to moist woodlands where it lives primarily in the
leaf-litter and fop-soil layers, or under stones and
fallen trees. They are occasionally seen basking on
patches of open ground.
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Conservation Status and Threars

C. warreniis listed as Critically Endangered on the
IUCN Red List. Although the generation length is
not known with any certainty, an 80% reduction in
total population size over the last twenty years
seems reasonable, and this results in a Critically
Endangered listing. Also, the extent of occurrence
is less than 100 km?2 and the area of occupancy is
smaller than 10 km?2. There is continuing decline in
the extent of occurrence, area of occupancy,
suitable habitat and number of locations, and the
remaining habitat  is  severely fragmented
(McGinnity & Powell 2004).

Captive Management

Sexing Individuals

Males usually are larger and have wider heads
than females, but this only becomes clear when
large individuals of similar age are compared.
Otherwise, young males could be mistaken for
females.

In general, only mature individuals can be sexed
reliably, via repeated ultrasound scans to observe
the cycling of ovaries versus the constant size of
testes.

A less certain/effective alternative is to carefully
observe two adult individuals infroduced into the
same enclosure over a couple of days. Two males
will definitely fight or chase each other, whereas
two females or a pair will not interact much out-
side the breeding season. Great care has to be
taken to separate fighting individuals before they
damage each other.

Housing

At Durrell, adults are kept either in pairs or individu-
ally in enclosures approximately about 150 x 50
cm in size (Fig. 2). Juveniles and immature indi-
viduals are kept in small groups in appropriately-
sized enclosures such as plastic storage containers
(Figs. 3 and 4). Adult males must not be kept to-
gether due to their aggressiveness.

Although this species is not known as a good
climber, in order to prevent adults escaping, en-
closures need to have at least 30cm clearance
above the substrate

The substrate needs to be deep enough for dig-
ging/burrowing; about 15-20 cm deep for adults,
but approximately 5 cm deep will suffice for
hatchlings. This can be any type of topsoil or com-
post, which can be used on its own or mixed with
small bark chips; even a mix of large chunk ver-
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miculite, coconut fibres and moss has been used
successfully. Basic requirements for the substrate
are that it holds humidity well, does not give off
and/or break down quickly to dust and is easy for
the galliwasps to dig in. There should be plenty of
hides on the surface of the substrate, such as palm
fronds, pieces of bark or plastic half-rounds. A
layer of leaf litter was provided initially in order to
mimic natural habitaf, however, this proved to be
a hindrance because cleaning the substrate of
faecal matter and food was nearly impossible and
the animals were rarely seen to monitor their physi-
cal condition. A small water dish needs to be pro-
vided permanently.

Fig. 2: Enclosure for adults. Note the newspaper used to

maintain substrate humidity at one end of the enclosure
MG).

'\

Fig. 3: Enclosures for two to three sub-adults (MG).
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Fig. 4: Rearing pens for hatchlings and juveniles (MG).

Temperature, Humnidity and Lighting

Ambient room temperature during the warm and
wet summer period should be about 26-28°C dur-
ing the day and around 23-24°C at night. In the
cooler and drier winter, this can be reduced to be
about 24-26°C during the day and around 21°C at
night. Even in summer, temperatures should re-
semble those found on the substrate of shaded
tropical woodland.

For basking, hot-spots with temperatures up to 35-
40°C need to be provided all year round at one
end of the enclosure. Here, the substrate can dry
out partially during the day. At the other end, a
layer of newspapers, a sheet of plastic or a piece
of bark provides a cooler area where the sub-
strafe underneath stays constantly humid (Fig. 2).
This creates a gradient of femperature and humiad-
ity over the length of the enclosure, allowing the
animals fo choose their preferred position / loco-
tion.

Humidity is provided by spraying the substrate
each evening. During the drier and cooler winter
months, only a light spray is provided to ensure the
covered area stays humid. During the wet summer
months, the whole enclosure is sprayed more
heavily, and the substrate is only allowed to dry
out slightly around the basking area.

In adult enclosures, lighting is provided by daylight
strip lights and a basking spot. As for most repfiles,
it is important to provide this species with UV-A
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and UV-B radiation. For this purpose, self ballasted
Mercury vapour bulbs are used. The intensity of
the UV-B radiation should be regularly measured
by a UV reader (Solarmeter 6.2) and should ideally
lie between 100 and 300pW/m?2. We recommend
the brands MegaRay and T-Rex which come in
100W and 160W).

Smaller, relatively low enclosures for rearing hatch-
lings might be fitted with UV fluorescent strip-lights.
We recommend a combination of a ZooMed 2.0
(which has a beftter light colour index but hardly
any UV-B output) with, depending on distance to
the ground, a ZooMed 5.0 or 10.0 (for UV-B radio-
tion). The intensity of the radiation, especially in
higher enclosures, can be greatly increased by
using a reflector. If UV radiation in smaller enclo-
sures is provided by these strip lights, a normal in-
candescent spotlight can then be used to create
a basking area.

Diet in capfivity

Nashville Zoo experimented with different diets
affer several cases of metabolic bone disease,
and the diet at Durrell was adapted from the one
developed by Nashville Zoo.

30 parts frozen turkey breast, 10 parts frozen rat
pups, one part cuttlefish bone (all parts by weight)
and some Nufrobal (vitamin and mineral supple-
ment) are put through a mincer and thoroughly
mixed. This paste can be frozen, e.g. in ice-cube
trays, and stored for several months in the freezer.
Defrosted chunks (approximately the size of the
animal’s head) are offered to the animals in the
evening on small plastic trays.

Adult individuals get fed every 3-5 days, hatchlings
and small juveniles every second day. Occasion-
ally, the animals will be fed insects, insect larvae or
snails instead of the mix.

Reproduction in Captivity

Breeding Seasonality

Pairs can be infroduced in the breeding season
which, in the wild, generally lasts from February
until April. At Durrell, copulations were observed in
March, juveniles were then born in August.

Mafing and Gravid Females

Due fo the secretive lifestyle and the shyness of
the species, not much is known about courtship
and mating. During the matings observed at Dur-
rell, the male held the female by her neck and the
back of the head (Fig. 5). This was observed re-
peatedly on several consecutive days. If the fe-
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male is gravid, it will become noficeably larger
over the next months. The male should be re-
moved at this stage at the latest. This is o allow
the female the rest and all the food it needs, and
also to prevent the male from preying on the new-
borns. However, it is not known whether females
prey on their young or for how long after giving
birth they might be inhibited from doing so, nor
whether males would actually prey on “their” off-

spring.

Raising Juveniles

At Durrell, clutches to date consisted of between
19 and 22 individuals, and newborns measured 46-
49mm in SVL and weighed 1.4 - 1.8g. As soon as
offspring are seen in the female’s enclosure, they
should be caught up and transferred to rearing
enclosures. At Durrell, plastic tanks (PalPens) meas-
uring 25 x 45 cm are used fo rear groups of up to
five juveniles for the first four months. Then, once
the juveniles have reached approximately 6cm
SVL, they need to be fransferred to larger enclo-
sures. This is fo ensure that the growth rates of sub-
ordinate animals are not suppressed. Juveniles
need to be checked at least bi-weekly and should
periodically be re-sorted into tanks according to
size fo prevent a strong hierarchy from forming,
where smaller individuals could be outcompeted
for food by bigger, dominant siblings.

The first food taken is usually insects, mainly crick-
ets of appropriate size dusted with Nutrobal; the
pre-fabricated mix can be infroduced over the
next weeks and should be taken without any
problems.

Fig 6: C. warrenimating (GG).

Veterinary aspects

Blood sampling
Blood samples can be drawn from the tail vein.
Care has to be taken when doing this, as this spe-
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cies (like all anguids) will shed its tail if too much
pressure is applied. The risk can be lowered greatly
if the whole animals is wrapped in a sheet of rub-
ber foam and held firmly in the hand, applying
pressure uniformly.

Marking

We marked C. warren/ with PIT-tags. Due fo the
osteoderms anguids possess, the best location for
tfransponders seems to be the flanks rather than
e.g. the dorsal tail base.

Ulfrasound scanning

As mentioned above, we used ulfrasound scan-
ning to determine the sex of individuals. If an
adult/mature individual is scanned about once
per month for three to four months, the cycling of
the ovaries in females can be reliably observed as
opposed to males testes which don’t change in
size.

The images are not as clear as would be ex-
pected from reptiles of that size as the osteoderms
cover all of the body, forming a dense bony layer.
This also makes follow-up examinations of gravid
females difficult as well and structures/details of
foetuses are very hard if not impossible to detect,
even when scanning under water. Even the use of
a high-resolution 3D ulfrasound scanner did not
provide any clearer images through the os-
teoderms.

X-ray

Much clearer images of gravid females and foe-
tfuses can be obtained by x-raying. Bony struc-
tures, especially the skulls of late foetuses can be
clearly seen.
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