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DISCLAIMER

Management plans delineate reasonable actions atteatbelieved to be required to
manage, recover and/or protect listed species. \Regas defined under the Protected
Species Amendment Act (2011) as any action (beomitaring, assessment, research,
restoration, maintenance or management) that emdhk preservation, protection or
restoration of a protected species. The Departroér€onservation Services (DCS),
publish management plans, sometimes preparing thétin the assistance of field
scientists, other government departments, as walklzer affected and interested parties,
acting as independent advisors to DCS. Plans dmited to additional peer review
before they are adopted by DCS, and formulated thighapproval of interested parties
mentioned in Parts Il and Il of the plan. Objee8vof the management plan will be
attained and necessary funds made available suipjdmidgetary and other constraints
affecting the parties involved. Management plany mat represent the views nor the
official positions or approval of any individuals @gencies involved in the plan
formulation, other than our own. They representdfieial position of DCS only after
they have been signed by the Director as approggroved plans are subject to
modifications as dictated by new findings, chanigespecies status and the completion
of management and/or recovery actions.
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Conservation Services, Government of Bermuda. §@pa
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EXECUTIVE SUMMARY

Current species status

This management plan addresses the need for atti@osiserve 22 cave adapted species
(listed below) from various taxonomic groups whate all endemic to Bermuda, and
which are listed as Critically Endangered under etected Species Act 2003.
Although many of these cave-dwelling species appwarbe restricted in their
distribution, having only been found in a singleeaystem or in some instances in just
one cave within a system, the level of connectivityown to exist between the
submerged underwater passages of the Island’s cawggests that an effective
management plan must address the cave system ieniisety and the species
collectively. Bermuda’s caves are afforded protecttirom development under Section
28 of the Planning Act 1974 (Fourth Schedule).

Listed cave species:
Copepods
Antriscopia prehensilis
Erebonectes nesioticus
Paracyclopia naessi
Speleophira bivexilla
Speleophriopsis scottodicarloi
Nanocopia minuta
Speleoithona bermudensis
Ostracods
Spelaeoecia bermudensis
Isopods
Atlantasellus cavernicolus
Currassanthura bermudensis
Arubolana aruboides
Amphipods
Idunella sketi
Cocoharpinia iliffei
Pseudoniphargus grandimanus
Ingolfiella longipes
Bermudagidiella bermudensis
Shrimps
Typhlatya iliffei
Procaris chacei
Mysids
Platyops sterreri
Mictaceans
Mictocaris halope
Segmented worms
Phallodriloides macmasterae
Leptonerilla prospera



Habitat requirements and threats:

All of the 22 listed Critically Endangered cave-divgy species live submerged within
Bermuda’s extensive cave systems, below sea |&hel.diversity of species found has
resulted in global recognition of the Island’s caas a ‘biodiversity hotspot’.

Approximately 200 known cave entrances have bestodered to date. By far the most
significant concentration of caves and associapettiss is found in the narrow strip of
land separating Harrington Sound from Castle Harbahere the island's oldest
limestone (Walsingham formation) is exposed. Thnagor systems have been identified
in Bermuda: the Walsingham System, the Palm Sysieuithe Green Bay System. Tidal
exchange of these subterranean waters with théakea place in some caves whilst in
others the water may be nearly stagnant. As atreébel cave pools have a thin brackish
layer at the surface (which may border on fresltames most distant from the sea),
overlying fully marine waters at depth. Howevemast nothing is known about the
specific habitat requirements of the listed species

The primary threats to the cave fauna are: ongtang development and quarrying
activities which can lead to direct habitat dedinrg pollution, primarily from seepage
of sewage from household cesspits and possibly tteep sealed bore holes; vandalism,
and dumping of trash and other waste into sinkhodd#isof which can disrupt the
normally stable environmental conditions within t@ve system. An additional threat
may also be posed by unqualified SCUBA divers expipthe caves and disturbing the
habitat. Finally, a lack of detailed knowledge abthe exact geographical extent of the
caves, as well as limited understanding of theodgpland ecology of the cave fauna
hinders our ability to manage these threats.

Management objective
The primary goal of this plan is to promote andasrde self-sustainability of Bermuda’s
unique cave-adapted fauna by ensuring adequatecpioot of the entire cave habitat.

Management criteria:

Given that this plan focuses on the protectiorheféntire cave habitat, it is unlikely that
caves will ever be completely lifted from protects@htus. However it is hoped that
through successful implementation of this planrehmay eventually be relaxation of
certain restricted activities. This will be congielé when:

* Due legislative protection is given to the entieve habitat preventing further
physical destruction, pollution, vandalism and dingmf waste in the caves.

* The cave systems have been accurately mapped uceemdbetter understanding
of the relationship between above ground activisied the underlying caves such
that detrimental activities can be adequately madag

* Hatchery-rearing of selected cave species is aclkisimep and eco-toxicological
experiments have been undertaken on these to isktablerance levels to local
contaminants.



» All point sources of contamination have been idestiand managed such that
contamination levels do not exceed the toleranweldeof this representative
group of cave species.

» There has been demonstrated proof that caves casudmessfully restored
(through restoration of Sear’s and Bitumen Caves).

Actions needed:

1. Protect the cave habitat through legislation amkthpublic awareness.

2. Undertake a comprehensive mapping initiative of isk&nds’ cave
systems and integrate maps into the GIS framework.

3. Identify point sources of pollution and implemenbet necessary

procedures to manage these so that they do noeespecies tolerance
levels. If necessary, explore and implement altereaechnologies for
sewage disposal where required.

4. Establish long-term monitoring of both the air awdter in the cave
systems, taking consideration of physical, chemig®ological and
biological indicators.

5. Evaluate the potential for ex-situ/hatchery bregahrepresentative cave
species and conduct experiments to determine tbkdrance to known
contaminants of the cave system.

6. Facilitate ongoing research to gain a better undeding of the
population status, distribution, movements, brega@ind feeding habits of
the cave species and the hydrography of the casteray

7. Undertake active restoration of suitable, impaciaees.

Management costs:The total cost of management and/or recovery @astannot be
defined at this point. Funding needs to be secutl@ugh non-governmental
organizations (NGQO'’s), overseas agencies, and atkenested parties for implementing
the necessary research and monitoring studies omi&a’'s cave fauna. Developing
budgets for each action are the responsibilityhefleading party as outlined in the work
plan.

Date of management Meeting the objective for the management of céaena in
Bermuda depends primarily on preventing furthergidgl damage to the cave habitat
and on identifying and managing point sources diion. It also relies on engaging the
necessary expertise to map the caves and fillarstlite of information gaps concerning
the biology and ecology of the species and thdithtrequirementssiven the logistical
challenges of studying the cave environment, dniscipated that it would take at least 20
years to undertake this work and reach a point vllee cave habitat was sufficiently
well managed to allow some elements of protectiobet relaxed if it was deemed that to
do so would benefit Bermuda without prejudice te liabitat.



PART I: INTRODUCTION

A. Brief overview

Despite Bermuda’s relatively small land mass, tslnd has one of the highest
concentrations of limestone caves in the world. WAheir strong local cultural
significance, and their promotion for over a ceptas a tourist attraction due to their
spectacular cave formations (speleothems), thegesdsave more recently taken centre
stage for the remarkably diverse community of castapted (stygobitic) animals living
within their submerged environ. They are globattkreowledged as a global biodiversity
hotspot (lliffe, www.tamug.edu/cavebiology Seventy-five species which exclusively
inhabit the Island’s caves have now been identifgdvhich 22 are currently listed as
Critically Endangered according to IUCN criteriaRCB1 +2c) under the Protected
Species Act 2003.

This management plan discusses threats and cotisangdforts for Bermuda's cave
habitat and critically endangered species witholloving a summary of our current
knowledge of their status. The primary recommerdadf this plan is that given the
diversity of species, their erratic distributiontteans, extremely low recorded numbers
and the logistical challenges inherent in learmmgye about their biology and ecology,
there is a need for immediate legislative protecfar the entire cave habitat. The plan
also calls for the prioritized mapping of the vasacave systems with integration of the
data into the lIsland’s GIS, and it focuses on tleoas needed to broaden our
understanding of the biology, ecology and genesddlitht requirements of Bermuda’'s
cave fauna and focuses on the actions needed &mdmoour understanding of these. It
calls for the active restoration of at least twandged or polluted caves. If studies
indicate that the species are more numerous thi@ngadhered to date indicate, and that
environmental conditions within the cave systems stable and contaminants below
species tolerance levels it may be possible toshiine of the restrictions placed on
activities but it is not anticipated that the cdabitat itself will be entirely lifted from
protection.

B. Current protection status

Most of Bermuda'’s caves are currently protectethfaevelopment under Section 28 of
the Planning Act 1974 (Fourth Schedule). The Aatest that The Protection of caves
shall take precedence over all other planning cdesations and the Board shall refuse
any development application or plan of subdivisiforin the opinion of the Board, the
proposal will have a detrimental impact on a cam&r&nce or underlying cave’Most of

the known caves fall within the Cave Protection éAlgowever the above protection
applies to all caves whether or not they are ia tlasignated zone. The 22 species listed
in this management plan are protected under thee®eal Species Act, 2003, where they
are classified as Critically Endangered as per IUsCikéria, based on the low recorded
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numbers of mature animals living in the natural iemment, and their limited
distribution.

Legal Protection
Legal protection is afforded these 22 listed cawelting fauna under the Protected
Species Act.

Habitat Protection
The cave habitat is currently protected as indécatieove under the Fourth Schedule of
the 1974 Planning Act.

C. Taxonomy and description of species

See Appendix 1 for details

D. Ecology

Habitat Requirements

Little is currently known of the habitat requirenterof the listed cave species. All
recorded to date have been found in submerged andftan integrated network of
passages between 17 and 20 m below sea-levek (lfiffvw.tamug.edu/cavebiology
Tidal exchange of these subterranean waters wétlsea takes place in some caves whilst
in others the water may be nearly stagnant. Assalttethe cave pools have a thin
brackish layer at the surface, which may bordefresh in caves most distant from the
sea, overlying fully marine waters at depth. Thghty stratified cave water column
results from the absence of wind and wave-induceiingn Similarly, water
temperatures, dissolved oxygen levels and pH arécaly stratified with the salinity
gradient, before becoming more stable at depthciB@as of the various species have
been collected either free swimming in the watdurom, or in association with bottom
sediments ranging from silt to coarse sand or feaposed rock surfaces.

General Biology

Again, there is little available literature on theneral biology of any of the listed cave
species, although it may be assumed that they nonfo some measure to like species
within their respective taxonomic affinities. It ¥gorth noting though that Fosshagen
(www.tamug.edu/cavebiologyeports thatntrisocopia prehensiliss a “raptoral feeder
and a bottom—dweller, unusual for a copepod”.

Feeding
Little is known about the feeding behaviour or iignal requirements of any of the

listed cave fauna, however, it is presumed that teed on plankton which in most of the
caves is primarily believed to be derived from $slea through tidal currents. Attempts to
feed specimens d¥lictocaris halopein an aquarium tank with freeze-dried tube worms
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were reportedly unsuccessful, but the presencedelcomplex setae on tH¥ maxilla
suggest they are filter feeders according to 1|iff885).

Reproduction and Life Cycle

Nothing is known about the reproduction and lifeleyof any of the listed cave fauna
however from specimens collected to date, the @dijouls for most species seem heavily
skewed towards females. Indeed, of 15 specimensctedl ofSpeleophria bivexillaall
were female.

E. Current threats

A number of environmental threats to Bermuda's sdweve been identified and it should
be noted that Church Cave and Bitumen Cave wereetwamed by the Karst Waters
Institute in their list of the Top Ten Most Endarepk Karst Ecosystems on Earth (IUCN,
1996). Ongoing land development pressures posenthbst significant threats to
Bermuda’'s caves and cave fauna, largely throughctihabitat destruction. In the
absence of maps of the subterranean caves, dekelopg ‘break through’ into a cave
unknowingly during construction activities, causthg collapse of large sections of cave
and obstructing subterranean flow channels. Aduatigphysical destruction has also
resulted from ongoing quarrying activities.

Pollution is another major threat to the cave systdousehold sewage has traditionally
been handled through individual cesspits, which segp their contents through into the
underlying caves. Since many of Bermuda’'s cavesimpsrtant tidal conduits to the
island's inshore waters, nutrients leaking fromspés into caves can readily be
transported to open waters. ‘Deep-sealed’ borehlota® been encouraged for larger
developments (e.g. hotels and condominium comp)exes way to dispose of sewage
and wastewater, however many may be of a depthrésafts in their effluent being
released at or near the limestone/basalt interfdeee the caves form. Of considerable
concern is the pool of Bassett's Cave, which wésrnexl to in 1837 as the longest and
geologically most instructive cave in Bermuda, aridch was subsequently used by the
U.S. Navy for the disposal of raw sewage and wasteoil.

Further threats arise from the fact that many ofnBela caves have been used as
dumping sites. For example, the bulldozing of Igpdes of partially burned rubbish into
the pool of Government Quarry Cave resulted in etept of dissolved oxygen and
anaerobic production of poisonous hydrogen sulfid@ch was then transmitted through
groundwater circulation to several other cavedféllet al, 1984). Many of Bermuda's
larger caves also show evidence of vandals breakidgremoving fragile stalactites and
stalagmites or defacing cave walls with graffiti.

One final potential threat to the caves has emeigegkcent years from unqualified

SCUBA divers venturing into the submerged passafygisle from the obvious personal

danger such activity presents, an untrained dilger lzas the potential to cause significant
damage to cave features as well as disruption & génerally undisturbed cave

environment.
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Threats/Gaps in local knowledge

Whilst observation and explorations of Bermuda'sesadate from the earliest days of
human settlement (lliffe, 1993), the fact that mofsthe caves form part of an extensive
network of submerged passages connecting otheris@ated, anchialine pools has
limited access to a select group of skilled caveeets. For this reason our knowledge is
extremely sparse. Whilst the following questionsedheanswering, the logistical

challenges and costs must be considered in orderitoitise those needed for the
management plan to be successful.

Accurate prioritised (based on threats) 3-dimenai maps are needed of the
whole cave system. Some maps do exist for ceraaig networks, but there is an
absence of metadata with these so the level ofracgus not known. There is a

critical need to employ standard tools and techgiek including the need for

accuracy on boundaries and establishing the emacation as a locator for both
the survey work and the creation of the maps. Thmaps then need to be
integrated into the island GIS.

Identification and subsequent monitoring of pgoisources of contamination
(nutrients, herbicides, pesticides, heavy metdts) & needed in both the long
and short term. Groundwater monitoring of waterlityatides, water and air

temperature is also needed as is the identificatfqrotential indicator species of
water quality (e.g. algae at cave mouths, bacteoahts). Instigation of a time
series of bacterial counts would be helpful, as ld/anonitoring of algal species
and blooms and levels of faecal coliforms. Surfaites suitable for drilling for

monitoring purposes should be identified and swdiehistorically polluted caves
should be undertaken to assess changes. Suitad®gems should be identified
for monitoring purposes. In caves close to quaroe$fieavy construction sites,
subtle shifting of breakdown blocks can be assebgegluing glass microscope
slides between boulders or inside cracks. Anyheadvement or vibration will

break the glass.

An evaluation of the feasibility of ex-situ keding of a representative group of
cave species with regard to undertaking eco-toggioal studies on them and
assessing their tolerance limits should be undertak

Basic biological questions that need answeringlude information on; the

distribution and abundance of the cave fauna (tholy seasonal patterns), their
feeding and reproductive behaviour and an explanatf why the sex ratios

appear to be so highly skewed, trophic pathwaysy ttese marine species
survived the Ice Ages and whether they are livimgither habitats or in caves
which perhaps extend into the basalt. Additionalilyformation is needed

concerning how much gene flow exists and the effeqbopulation size of each
species.
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V. More detailed hydrographic information is neededthe whole cave system to
determine whether individual caves have signatinaacteristics, the extent of
water connectivity and residence times and, howtatsmight be delineated.

In addressing these information gaps it is recaghibat there is a need to develop a set
of standards and code of ethics for researcherdaaradwider set of public observations,
as well as to increase Government policy and réignlaegarding research in the caves.

F. Current status

Global Distribution

An extraordinarily rich and diverse stygobiotic fauinhabits Bermuda’s caves, with 75
stygobitic species so far identified propelling teland’s caves into the global arena as a
biodiversity hotspot (lliffe, 1993). With 67 of tbe classified as endemics, the cave fauna
comprises a significant proportion (nearly 25%)B#rmuda’s total endemic species
composition (Sterreet al, 2004). But just how these species first reacBednuda
remains unanswered as llifferw.tamug.edu/cavebiologyeports that some species are
related to similar forms from caves on oppositesidf the Atlantic, whilst others have
close affinities to cave species from the Pacifce@h or even from the deep sea. He
suggests that “some of Bermuda's marine cave ielvates may have reached the island
via the Gulf Stream from the Caribbean, while otheray have survived on submerged
and emergent seamounts along the Mid Atlantic Ridge.00 million years. Still other
species may represent relict deep sea fauna ordasaendents of animals which once
inhabited the Tethys Sea - the name for the woekhno that existed at the time all the
Earth's land masses were combined into one supgereaoti.

Local Distribution

Bermuda’s limestone caves began forming approximat? mya during glacial periods
when sea level was as much as 125 m lower thammréBalmeret al, 1977) and the
land mass was about 1000 knAt this time, there would have been a sizeabéstr
groundwater body, which resulted in the formatidrthe caves. Post glacial sea-level
rise subsequently led to large portions of thesegdecoming drowned with seawater
which displaced the freshwater. This is evidenth®y presence of submerged stalactites
and stalagmites, features which only form by frestew dripping in air-filled caves.
Unevenly distributed across Bermuda, most of tivesare located in the narrow strip of
land separating Harrington Sound from Castle Harbahere the island's oldest
limestone (Walsingham formation) is exposed. Ofsiderable concern is that many of
Bermuda's cave-dwelling animals appear to be o#striin their distribution having been
found only in a single cave or cave system (lliffejwvw.tamug.edu/cavebiolog)y
although this may allude to insufficient samplirffpg.
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Caves)By/Parish

Figure 1. Distribution map of known cave entranceBermuda (B. Szukalski, 2002)

SPECIES Caves Specimens
Phylum Annelida (segmented worms)
Leptonerilla prosper (Sterrer & lliffe, 1982 6 27
Phallodriloides macmasteri (Erséus, 198! 1 2
Subclass Copepoda (copepods)
Erebonectes nesiotic Fosshagen, 19 5 7
Paracyclopia naes: Fosshagen, 19 6 7C
Antrisocopia prehensil Fosshagen, 19 1 7
Nanocopia minut Fosshagen, 19 1 3
Speleoithona bermuden: Rocha & lliffe, 199: 2 32
Speleophria bivexill8oxshall & lliffe, 1986 1 15

Speleophriopsis scottodicarl{Boxshall & Iliffe, 1990) 1 1
Subclass Ostracoda (ostracods)
Spelaeoecia bermudensisgel & lliffe, 1987
Infraorder Caridea (shrimp)
Typhlatya iliffe Hart & Manning, 198 2 3
Procaris chaceHart & Manning, 1986 2 2
Order Isopoda (isopods, pill bugs)
Atlantasellus cavernicoli Sket, 197
Arubolana aruboide (Bowman & lliffe, 1983
Curassanthura bermudensdigagele & Brandt, 1985 1 1
Order Amphipoda (amphipods)

N -
[
[ERN

Bermudagidiella bermuden: (Stock, Sket & lliffe, 1987 2 5

Ingolfiella longipe Stock, Sket & lliffe, 198 1 1

Idunella ske' Karaman, 198 1 2

Cacoharpinia iliffel Karaman, 19€ 1 1C

Pseudoniphargus grandiman@&sock, Holsinger, Sket & lliffe, 1986 4 195
Order Mictacea (mictaceans)

Mictocaris halop Bowman & lliffe, 198! 4 56
Order Mysidacea (mysids)

Platyops sterrel Bacescu & lliffe, 198 2 5

Table 1. A list of the number of specimens and samewhich they are known from for
the listed cave species (Courtesy of T. lliffe, 200
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G. Current conservation action

Dr. Tom lliffe from Texas A&M University has piones much of the cave biology

research in Bermuda. The Bermuda Cave Diving Assioci and more recently the

Bermuda Cavers Group have provided valuable dippeu for much of this work, and

have also taken on responsibility for maintainihg safety lines in the caves. In 2002,
the multidisciplinary Bermuda Cave and Karst Infation System (BeCKIS) project was
established with the primary goals of promoting sheentific study of the Island’s caves
in order to assist local resource managers in ngakiformed decisions, as well as
increasing public awareness of Bermuda's cavescand life (Szukalski, pers. com.

2007). The project has leveraged the efforts ofgsgionals and volunteers alike, and
represents a multi-national effort with partneramigations on both sides of the Atlantic
as well as from Bermuda. It is coordinated throulga Natural History Museum at

BAMZ and has recently focused on assessments ofrwatality, some small-scale

mapping and taxonomic studies. Additionally, a parship with the US Cambrian

Foundation has resulted in some innovative edutdtamsmissions live from within the

cave system to local school children. Several I1Gcel shows have also focused on the
caves, their significance and the threats. LocaOGBermuda Underwater Exploration

Institute, Waterstart and Bermuda Zoological Sggiatl provide educational materials

and learning experiences incorporating Bermuda/esa

The Crystal Caves, Bermuda’s only public show caresa member of the International
Show Caves of the World, undertakes active momigpof air and water quality within
Crystal Cave and Fantasy Cave, and helps raisdcpablareness both locally and
globally about the unique nature of Bermuda’s caves

16



PART Il: MANAGEMENT

A. Management goal

The primary aims of this management plan are teigeoprotection for the critical cave
habitat which supports 22 listed, critically endaregl endemic cave fauna. This
protection addresses threats from developmentutpmil, dumping of trash, quarrying,
vandalism and unauthorized access so restoringl¢heate natural equilibrium of the
cave environment and supporting the unique spéaediting it.

The short-term goal (3 years) is to ensure thaetreno further willful destruction of the
cave habitat, that identification of point sourcdégollution has begun and that no new
cesspits are located over mapped caves.

The long-term goal (20 years) is to ensure thatvaels as no further willful damage,
pollution levels in the caves have been reducedcteptable levels based on species
tolerance, that the restoration potential of selécaves has been realised, and that local
resource managers are in possession of the negaeskamation and/or technology to
prevent new cesspits beings located over the ISamaves. It is further intended that the
reproductive and feeding behaviour of a represeetajroup of critically endangered
cave fauna is understood, that a system for ongmiogitoring of air and water quality
and of the cave fauna is established, and thapéneentage of residents aware of the
significance of Bermuda’s caves is at least 75%.

B. Management objective and criteria

Favourable conservation status will be achievednwhe

* Due legislative protection is given to the entieve habitat preventing further
physical destruction, pollution, vandalism and dingmf waste in the caves.

* The cave systems have been accurately mapped uoeemdbetter understanding
of the relationship between above ground activiied the underlying caves such
that detrimental activities can be adequately madag

* Ex-situ breeding of a representative group of distave species is accomplished
and eco-toxicological experiments have been unkiemtdo establish tolerance
levels to local contaminants.

» All point sources of contamination have been idesttiand managed such that
contamination levels do not exceed the tolerangeldeof this representative
group of cave species.
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There has been demonstrated proof that caves casuteessfully restored
(through restoration of Sear’s and Bitumen caves).

These overall objectives translate into specifigets outlined below:

Short-term target (3 years):

Declaration of the entire cave system as “critigabitat” under the Protected
Species Act 2003, so providing legal protectiorhvassociated restriction and/or
permitting of human activities;

development of a set of standards for research,pmgp development of
inventories and environmental impact assessments;

establishment of an information sharing networkwieetn resource managers,
landowners, scientists and permitted cave divers;

establishment of permanent locator and access spdimt monitoring and
mapping; clarification of land ownership for alives;

initiation (or continuation of existing, in the ea®f Crystal Cave and Fantasy
Cave) monitoring of air and water quality in cavedieved to be affected by
contaminants;

mapping of the Green Bay System,;

support for educational activities; identificati@and engagement of scientific
researchers to expand our biological and ecolodicaledge of the cave fauna
and their environmental requirements; and

procurement of funding to support all of these\aiigis.

Long-term target (20 years):

C.

Mapping of all the known cave systems;

continued expansion of the monitoring network tewa all point sources of
contamination are identified,;

implementation of measures to ensure contaminakiwels do not exceed
acceptable tolerance limits of representative gseci

ex-situ breeding of representative group of cavanda species and eco-
toxicological studies to assess their tolerancédito local contaminants;
ongoing support for educational activities and tlee engagement of scientific
researchers to expand our biological and ecologjcalvledge of the cave fauna
and their environmental requirements;

implementation of a rigorous system for detecting aonitoring change in the
cave fauna; and

procurement of sufficient funding to support alltleése activities.

Management strategy

The underlying element to the management strategthé 22 listed endemic cave fauna
will be to protect their habitat in its entirety.lthough many of these cave-dwelling
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species appear to be restricted in their distrdoutiaving only been found in a single
cave system, or in some instances in just one eatt@n a system, the level of
connectivity known to exist between the submergedenwater passages of the Island’s
caves suggests that an effective management plah axdress the cave system in its
entirety and the species collectively. The apprdakkn will be to compliment proposed
legislative protection of the caves which will mést deleterious human activities, with
ongoing monitoring of the cave environment to idgrdand mitigate further contaminant
input, quarrying, dumping and vandalism. At the satime, ongoing support will be
given to mapping and research initiatives whichthfer our understanding of the
geography, hydrography, biology and ecology of thee environment and critically
endangered cave fauna.

D. Tools available for strategy

Many of the tools needed to support implementabbrthe management plan already
exist. With approximately 200 known cave locatiothsclaration of the caves as “critical
habitat” can be supported immediately, with theoggution that over time, more
locations will be added as they are discovered.ddeer, with the major threats to the
caves identified, establishing the activities twdl need to be restricted as well as those
that should be permitted will be fairly straighti@rd. The majority of the cave
landowners are also known and with liaison with fbepartments of Works and
Engineering and Planning, property boundaries nsyze clarified.

Through the expertise of those already involvedhm BeCKIS programme, as well as
with the support of the local cave divers and ti& Cambrian Foundation, mapping of
the various cave systems can be undertaken, debpitgbvious logistical challenges of
such a venture. These experts will also providalumble input into the development of
the necessary standards for research, mapping,logevent of inventories and

environmental impact assessments. Local GIS espgertit the Department of
Conservation Services will insure integration of thata into the local GIS framework,
and armed with this information and the legislathv&ck of the Planning Act 1974,

planners at the Department of Planning will be ableensure that developers avoid
locating cesspits above the caves.

Building on the ongoing monitoring of air and watgsality in Crystal and Fantasea
caves which can serve as a template, the estaldighai more extensive monitoring
programmes throughout the cave system will be baped the identification of the point

sources of contamination and these may be detednimkarge part through dye tracing.
Again, local and overseas cave expertise is availédx ensuring that monitoring

programmes extract as much information as possiblerder to accurately assess
contaminant levels.

The expertise amongst the Crystal Caves team, 8@KES team, the Bermuda Cavers

Group and the Cambrian Foundation will enable thfermation gaps regarding the
baseline database of information on the biologwlagy, and hydrography within the
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cave system to be addressed and local scientidtsesource managers to be equipped
with the necessary tools for identifying the caweerfa. It will also enable a rigorous

system for detecting and monitoring change in #needauna to be established, and will
enable staff and volunteers to be trained in theesgary techniques for successfully
restoring suitable caves.

Hatchery-breeding of representative cave faunaispé¢the most numerous) will present
perhaps the most significant challenge to this mgameent plan. Producing hatchery-
reared individuals is believed necessary in ordesssess their tolerance levels to local
contaminants without risking further depleting tiwdd populations. The hatchery at

Coney Island will provide the venue for this breepgprogramme.

The tools for education and public awareness aeady in place through the public
show caves at Crystal Caves, as well as throughaheus NGO educational teams and
T.V. and media networks.

E. Step-down narrative of work plan

The required management actions are as follows:

1. Protect the cave habitat by declaring the caves dgritical habitat
under the Protected Species Act 2003.

Actions Proposed:
* Determination of actions to be restricted.
* Meet with private cave landowners to get their inpu
» Drafting of restricted activities and those requirpermitting.
» Gazetting of notice of intent to declare the caa®Scritical habitat”.

Work TeamDCS, Attorney General’'s Chambers.

Team Leader Cave fauna management plan coordinator.

AssistanceDCS, BeCKIS.

Outputs Legal protection afforded to the entire cave tatbio prevent further
willful damage.

List of EquipmentNone

2. Undertake a comprehensive mapping initiative of theslands’ cave
system and integrate into the GIS framework.

Actions Proposed
» Secure permission of cave owners for access.
» Define level of accuracy required and establisivesyprotocols.
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» Develop criteria for deciding upon priorities foelscting systems to be
mapped.

» Ensure dive guidelines are properly laid and maethin cave systems to
be mapped.

Work TeamBeCKIS, Cambrian Foundation, Bermuda Cave Divers.

Team LeaderCave fauna management plan coordinator.

AssistanceDCS, GIS coordinator.

Outputs Accurate, 3 dimensional, GIS integrated maps h& tslands’ cave
systems for guiding decision-making.

List of Equipment Cave diving equipment, guidelines, SCUBA tankdSG
software, computer, funding for overseas mappisgstsice.

3. Evaluate the potential for ex-situ/hatchery breedig of representative
cave species and conduct experiments to determineeir tolerance to
known contaminants of the cave system

Actions Proposed
» Secure permission of cave owners for access.
» Identification of suitably abundant species forection of breeding stock.
» Development of optimal techniques for larval, plastal and juvenile
rearing.
» Exposure experiments to known local contaminants.

Work Teamldentified cave fauna biologist, DCS hatchery.

Team LeaderHatchery manager.

AssistanceLocal and overseas cave divers, DCS.

Outputs Determination of feeding and reproductive biologly selected cave
fauna and of culture techniques for rearing, antheir tolerance of known cave
contaminants.

List of Equipment Nets, cave diving equipment, SCUBA tanks, hatgher
equipment specific to rearing cave fauna, fundiog tiatchery staff and for
overseas researchers (for collection of specimens).

4. Identify point sources of pollution and implement he necessary
procedures to manage these so that they do not erde species
tolerance levels. If necessary, explore and impleme alternative
technologies for sewage disposal.

Actions Proposed
» Secure permission of cave owners for access.
» Conduct dye tracer experiments to track sources.
» Install water quality monitoring equipment.
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* Map and monitor the spatial distribution of contaarits and liaise with
“polluters” to identify alternative solutions to st@ disposal, or reduction
in contamination.

* Undertake background research to determine whatnalive sewage
disposal mechanisms exist and if suitable, undentélt project.

Work TeamDCS, Local/overseas caves divers, Crystal Caves.

Team LeaderCave fauna management plan coordinator.

Assistance Local cave divers, local and overseas researclBe€KIS team,
Government hydrologist, Department of Health.

Outputs Point sources of contamination identified andnetated or contained to
within tolerance limits of cave species.

List of EquipmentDye tracer, cave diving equipment, water quatitgnitoring
equipment, funding for overseas researchers anccfemical analysis of water
samples, GIS software.

5. Establish baseline levels of air and water in theave systems and
implement long-term monitoring of these.

Actions Proposed

» Secure permission of cave owners for access.

» Establish GIS-based system of water and air qusdityipling to determine
baseline levels and establish appropriately locathanent monitoring
stations.

» Explore possibility of drilling surface monitoringtations for easier
access.

» |dentify possible indicator species for assessingrad water quality.

Work TeamGovernment Hydrologist, DCS.

Team LeaderCave fauna management plan coordinator.

Assistance Crystal Caves, local and overseas researcherscamel mappers,
DCS, GIS coordinator.

Outputs Long-term monitoring of cave air and water quadistablished to ensure
that environmental quality within the cave systesn maintained at levels
necessary to support the cave fauna.

List of EquipmentMonitoring equipment, cave diving equipment, GlStware,
funding for air and water analyses and for resesschnd mappers.

6. Facilitate ongoing research to gain a better undetanding of the
baseline population status and distribution of thecave species ad the
hydrography of the cave system and establish a mdaring system.

Actions Proposed
* Prioritise research activities.
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» Identify suitable specialists and extend invitatiorstudy in Bermuda.
* Produce an identification guide for cave species.

» Establish a reference collection of cave species.

* Undertake training in species identification focads.

* Provide logistical support where appropriate.

Work TeamBeCKIS, Texas A&M University.

Team LeaderCave fauna management plan coordinator.

AssistanceLocal and overseas cave divers, DCS, GIS coowlina

Outputs Scientific experts engaged, GlS-integrated faumatentory and

population estimates established, identificationdguproduced, collection of
specimens deposited at Bermuda Natural History Musetraining manual

developed and local scientists and resources memagained, cave fauna
monitored.

List of EquipmentCave diving equipment, collecting equipment, msoope and

camera, GIS software, funding for printing of matisrand support of scientists.

7. Undertake active restoration of suitable caves.

Actions proposed
» Secure permission from cave owners of identifiatesa
» Engage group of local volunteers.
» Secure necessary equipment for access and renfavasio.
» Organise targeted clean-up of Sear’s and Bitumeesca

Work TeamBeCKIS, DCS.

Team LeaderCave fauna management plan coordinator.

AssistanceDCS, local volunteers/NGO's.

Outputs Two caves (Sear’s and Bitumen) restored, teatoaafl cave volunteers
established.

List of EquipmentClean-up equipment.

8. Expand current education and public awareness progtmmes.

Actions proposed
» Ensure study of Bermuda’s caves integrated intallschools curriculum.
* Provide up to date information for educators.
» Develop novel educational programmes.
* Make materials available on the Government website.

Work Team Local educators (Crystal Caves, BZS, BUEI, Wasety Cambrian
Foundation.

Team LeaderLocal educators.

AssistanceDCS, Ministry of Education (science curriculunfiogr).
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F.

Outputs 75% of local population aware of significanceB#rmuda’s caves and
cave fauna.
List of EquipmentResource materials, broadcasting technology, ieebs

9. Improve Information sharing between key stakeholdes.

Actions proposed
» |dentify key stakeholders and create database.
» Ensure that all identified stakeholders are pagleftronic information
sharing network.

Work TeamDCS.

Team LeaderCave fauna management plan coordinator.

Assistane: ITO Department.

Outputs Improved communication and information sharingtween key
stakeholders ensuring that information is keptaigddte and issues are identified
and shared immediately.

List of EquipmentWebsite/listserve.

Estimated Date of Down Listing

Meeting the management objective for the cave fanriBermuda depends primarily on

preventing further physical damage to the cavetatbind on identifying and managing

point sources of pollution. It also relies on enggghe necessary scientific expertise to
map the caves and fill in the suite of informatigaps concerning the biology and
ecology of the species and their habitat requirésa&@iven the logistical challenges of

studying the cave environment, it is anticipatedt tih would take at least 20 years to
undertake this work and reach a point in 2034 wlieeecave habitat was sufficiently

well managed to allow some elements of protectiobe relaxed if it was deemed that to
do so would benefit Bermuda without prejudice te liabitat.
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PART Ill: IMPLEMENTATION

Priority 1: An action that must be taken to prevertinction or to prevent the species
from declining irreversibly.

Priority 2: An action that must be taken to prevargignificant decline in the species
population/habitat quality, or some other signifitanegative impact short of extinction.
Priority 3: All other action necessary to provida full recovery of the species.

Priority | Task # | Task Description Task Responsible
# Duration | Party
1 1. Protect the cave habitat by 4 months | DCS, AG’s
declaring the caves as “critical Chambers
habitat” under the Protected
Species Act 2003.
1.1 Determination of actions needind. month
to be restricted
1.2 Drafting of restricted activities | 2 months
and those requiring permitting
1.3 Meet with private cave 1 month
landowners to get input
1.4 Gazetting of notice of intent to | 1 month
declare the caves as “critical
habitat”.
2 2. Undertake a comprehensive 10 years | DCS

mapping initiative of the
Islands’ cave system and
integrate into the GIS

framework.

2.1 Secure permission of cave 1 month
owners for access

2.2 Define level of accuracy required months
and establish survey protocols

2.3 Develop criteria for deciding 1 month

upon priorities for selecting
systems to be mapped mapping

2.4 Ensure dive guidelines are Ongoing
properly laid and maintained in | 10 years
systems to be mapped.

2 3. Evaluate the potential for ex- | 10 years | DCS/hatchery
situ/hatchery breeding of
representative cave species an(
conduct experiments to

determine their tolerance to

} ==
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known contaminants of the cave
system.

L

3.1

Secure permission of cave
owners for access

1 month

3.2

Identification of suitably
abundant species for collection
breeding stock

4 years
of

3.3

Development of optimal
techniques for larval, post-larva
and juvenile rearing

4 years

3.4

Exposure experiments to know
local contaminants

N2 years

Identify point sources of
pollution and implement the
necessary procedures to manag
these so that they do not excee
species tolerance levels. If
necessary, explore and
implement alternative
technologies for sewage
disposal.

10 years

je
d

DCS

4.1

Secure permission of cave
owners for access

1 month

4.2

Conduct dye tracer experiments
to track sources

53 years

4.3

Install water quality monitoring
equipment

2 years

4.4

Map and monitor contaminant
levels and liaise with “polluters”
to identify alternative solutions t
waste disposal, or reduction in
contamination

5 years

4.5

Undertake background researc
to determine what alternative
sewage disposal mechanism ex
and if suitable, undertake pilot
project

N5 years

ist

Establish baseline levels of air
and water in the cave systems
and implement long-term
monitoring of these.

10 years

Dept. of

Environmental
Protection, DCS

5.1

Secure permission of cave
owners for access

1 month

5.2

Establish GIS-based system of
water and air quality sampling tc
determine baseline levels and

5 years
)
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establish appropriately located
permanent monitoring stations

5.3 Explore possibility of drilling 2 years
monitoring stations for easier
access

5.4 Identify possible indicator 5 years
species for assessing air and
water quality

6. Facilitate ongoing research to | 20 years | DCS
gain a better understanding of
the baseline population status
and distribution of the cave
species ad the hydrography of
the cave system and establish a
monitoring system.

6.1 Prioritise research activities 3 months

6.2 Identify suitable specialists and| 2 months
extend invitation to study in
Bermuda

6.3 Produce an identification guide| 2 years
for cave species

6.4 Establish a reference collection| 5 years
of cave species

6.5 Undertake training in species | 2 months
identification for locals

6.6 Provide logistical support where 20 years
appropriate ongoing

7. Undertake active restoration of | 5 years | DCS
suitable caves.

7.1 Secure permission from cave | 1 month
owners of identified caves

7.2 Engage group of local volunteefs 3 months

7.3 Secure necessary equipment for2 months
access and removal of trash

7.4 Organise targeted clean up of | 1 year
Sear’s and Bitumen caves

8. Expand current education and | 20 years | DCS, Ministry of
public awareness programmes Education

8.1 Ensure study of Bermuda’s caves$ year
on local schools curriculum

8.2 Provide up to date information | 20 years
for educators ongoing

8.3 Develop novel educational 20 years
programmes ongoing

8.4 Make materials available on the 20 years
website ongoing
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9. Improve information sharing 6 months| DCS, IT
between key stakeholders

9.1 Identify key stakeholders 1 month

9.2 Ensure that all identified 6 months
stakeholders are part of electronic
information sharing network.
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APPENDIX

List of Bermuda'’s anchialine species (llifigyww.tamug.edu/cavebioloyy

Phylum Cilophora (ciliates)
Order Euplotida (euplotids)
Family Euplotidae
+ Euplotes iliffeiHill & Small, 1986
Order Scuticociliatida (scuticociliates)
Family Parauronematidae
+ Glauconema bermudenSanall, 1986

Phylum Annelida (segmented worms)
Class Polychaeta (polychaetes)
Family Nerillidae
« Leptonerilla prosperdSterrer & lliffe, 1982)
« Longipalpa saltatridWorsaae, Sterrer & lliffe, 2004
Class Oligochaeta (oligochaetes)
Family Tubificidae
« Phallodriloides macmasterg@&rséus, 1986)

Phylum Mollusca (molluscs)
Class Gastropoda (gastropods)
Family Caecidae
« Caecum caverndloolenbeek & Faber, 1987
« Caecum troglodyt&Moolenbeek & Faber, 1987
Phylum Arthropoda (arthropods)
Subphylum Chelicerata (chelicerates)
Class Arachnida (arachnids)
Subclass Acarina (mites)
Family Halacaridae
« Agauopsis bermudendBartsch & lliffe, 1985
« Agauopsis littoraliBartsch & lliffe, 1985
+ Copidognathus bermudendsrtsch & lliffe, 1985
« Copidognathus subterrane@artsch & lliffe, 1985
« Copidognathus longispinuBartsch & lliffe, 1985
Subphylum Crustacea (crustaceans)
Subclass Copepoda (copepods)
Order Calanoida (calanoids)
Family Arietellidae
+ Metacalanussp.
« Paramisophriasp.
Family Epacteriscidae
« Enantiosis bermudensisshagen, Boxshall & lliffe, 2001
« Epacteriscus rapakosshagen, 1973
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+ Erebonectes nesioticiiosshagen, 1985
Family Pseudocyclopiidae
« Paracyclopia naesdtosshagen, 1985
Family Ridgewayiidae
« Exumella polyarthra&cosshagen, 1970
+ Ridgewayia markksterly, 1911
Family Stephidae
+ Miostephos leamingtonensfeatman, 1980
Order Platycopioida (platycopioids)
Family Platycopiidae
+ Antrisocopia prehensilisosshagen, 1985
+ Nanocopia minutd&osshagen, 1988
Order Cyclopoida (cyclopoids)
Family Halicyclopinae
+ Halicyclops bowmanRocha & lliffe, 1993
« Halicyclops herbstRocha & lliffe, 1993
« Halicyclops ytororomd.otufo & Rocha, 1993
» Neocyclops (Protoneocyclops) stoPlasce, 1985
Family Speleoithonidae
+ Speleoithona bermudend®ocha & lliffe, 1993
Order Harpacticoida (harpacticoids)
Family Superornatiremidae
+ Neoechinophora fosshagdduys, 1996
+ Neoechinophora daltonaduys, 1996
+ Neoechinophora jauméiuys, 1996
« Superornatiremis mysticusuys, 1996
+ Intercrusia problematicaduys, 1996
Order Misophrioida (misophrioids)
Family Misophriidae
« Speleophria bivexill8oxshall & lliffe, 1986
+ Speleophriopsis scottodicarl{Boxshall & Iliffe, 1990)
Subclass Ostracoda (ostracods)
Order Halocyprida (halocyprids)
Family Halocyprididae
+ Spelaeoecia bermudendisgel & lliffe, 1987
Family Polycopidae
« Metapolycope dupleKornicker & lliffe, 1989
« Micropolycope euraXornicker & lliffe, 1989
« Micropolycope styXornicker & lliffe, 1989
« Polycopissa anakKornicker & lliffe, 1989
Order Myodocopida (myodocopids)
Family Philomedidae
+ Pseudophilomedes kyliornicker & lliffe, 1989
Family Sarsiellidae
« Eusarsiella styxXornicker & lliffe, 1989
Order Podocopida (podocopids)

30



Family Bairdiidae
« Aponesidea iliffeMaddocks, 1986
« Havanardia keijiMaddocks, 1986
+ Neonesidea omnivagdaddocks, 1986
+ Paranesidea sterrefiladdocks, 1986
Family Cytherellidae
+ Cytherella bermudensigladdocks, 1986
« Cytherella kornickerMaddocks, 1986
Family Paracyprididae
« Dolerocypria bifurcaMaddocks, 1986
« Paracypris crispaMaddocks, 1986
Family Pontocyprididae
+ lliffeocecia iliffei Maddocks, 1991
« Propontocypris (Propontocypris) minadiéaddocks, 1986
« Thomontocypris luridgMaddocks, 1986)
Class Malacostraca (malacostracans)
Subclass Phyllocarida (phyllocarids)
Order Nebaliacea (nebaliaceans)
Family Nebaliidae
« Paranebaliasp.
Subclass Eumalacostraca (eumalacostracans)
Superorder Eucarida (eucarids)
Order Decapoda (decapods)
Infraorder Caridea (caridean and procaridean shrimp)
Family Alpheidae
« Bermudacaris hartAnker & lliffe, 2000
Family Atyidae
« Typhlatya iliffeiHart & Manning, 1981
Family Hippolytidae
« Barbouria cubensigvon Martens, 1872)
« Janicea antiguensi€Chace, 1972)
« Parhippolyte sterrer{Hart & Manning, 1981)
Family Procarididae
» Procaris chaceHart & Manning, 1986
Superorder Peracarida (peracarids)
Order Isopoda (isopods, pill bugs)
Family Atlantasellidae
+ Atlantasellus cavernicoluSket, 1979
Family Cirolanidae
« Arubolana aruboidegBowman & lliffe, 1983)
Family Gnathostenetroididae
« Stenobermuda iliffekensley, 1994
Family Paramunnidae
+ Munnogonium somersens{ensley, 1994
Family Paranthuridae
« Curassanthura bermudensigagele & Brandt, 1985
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Order Amphipoda (amphipods)
Family Amphilochidae
+ Gitanopsis petulanKaraman, 1980
Family Bogidiellidae
+ Bermudagidiella bermudengiStock, Sket & lliffe, 1987)
Family Dulichiidae
+ Podobothrus bermudendgarnard & Clark, 1985
Family Ingolfiellidae
« Ingolfiella longipesStock, Sket & lliffe, 1987
Family Liljeborgiidae
+ ldunella sketiKaraman, 1980
Family Phoxocephalidae
+ Cocoharpinia iliffeikaraman, 1980
Family Pseudoniphargidae
« Pseudoniphargus carpalStock, Holsinger, Sket & lliffe, 1986
« Pseudoniphargus grandiman@&sock, Holsinger, Sket & lliffe,
1986
Order Tanaidacea (tanaidaceans)
Family Apseudidae
+ Apseudes bermudeBgcescu, 1980
« Apseudes orghidarutu & lliffe, 1989
Order Mictacea (mictaceans)
Family Mictocarididae
« Mictocaris halopeBowman & lliffe, 1985
Order Cumacea (cumaceans)
Family Nannastacidae
+ Cubanocumaf. gutzuiBacescu & Muradian, 1977
« Cumella iliffeiBacescu, 1992
« Cumella ocellateBacescu, 1992
+ Cumella spinos®8acescu & lliffe, 1991
« Schizotrema agglutinant@acescu, 1971)
+ Schizotrema wittmanretrescu & Sterrer, 2001
Order Mysidacea (mysids, opossum shrimp)
Family Mysidae
+ Bermudamysis speluncoBicescu & lliffe, 1986
« Platyops sterrerBacescu & lliffe, 1986
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