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Marine conservation in the British Indian Ocean
Territory: science issues and opportunities

Report of workshop held-& August 2009, SouthamptoldK

Executive summary

There is sufficient scientific information to make a very convincing case for designating all
the potential Exclusive Economic Zone of the British Indian Ocean Territory (BK2bs
Archipelago) as a Marine Protected Area (MPA), to include strengthened conservation of its
land area.

The justification for MPA designation is primarily based on the size, location, biodiversity,
nearpristine nature and health of th€hagosoral reefs, likely to make a significant
contribution to the wider biological productivity of the Indian Ocean. The potential BIOT
MPA would also include a wide diversity of unstudied deepwater habitats.

There is very high value in having a minimally perturbed scientific reference site, both for
Earth system science studies and for regional conservation management.

Whilst recognising that there is already relatively stralegactoenvironmental protection,

MPA designation would greatly increase the coherence and overall value of existing BIOT

conservation policies, providingavery c&F F SOGA @S RSY2yalGNYI A2y 2F 'Y
commitment to environmental stewardship and halting biodiversity loss.

MPA designation for the BIOT area would safeguard around half the high quality coral reefs in
the Indian Ocean whilst substantially increasing the total global coverage of MPAs. If all the
BIOT areawereardl 1S at! Al ¢2dZ R 6S GKS ¢2NI RQa f I NHSa
doubling the global coverage with full protection. If multe internal zoning were applied, a
Lhe at! O2dA R aidAtt 0SS (GKS ¢g2NIRQa aSO2yR f I NBS

Phasingut of the current commercial tuna fisheries would be expected. Nevertheless, this
issue would benefit from additional research attention to avoid unintended consequences.

Climate change, ocean acidification and-tmzel rise jeopardise the loAgrm sustainability
of the proposed MPA. They also increase its value, since coral reef areas elsewhere (that are
mostly reduced in diversity and productivity) are likely to be more vulnerable to such impacts.

viii) To safeguard and improve the current condition of the coral reefs, human activities need to

iX)

continue to be very carefully regulated. Novel approaches to wider sharing of the benefits
FyR 6Stdzie 2F GKS at! g2dAdR ySSR (2 06S RS@Sft 2LISF

Many important scientific knowledge gaps and opportunities have been identified, with
implications both for BIOT MPA management and for advancing our wider understanding of
ecosystem functioning, connectivity, and the sustained delivery of environmental goods and
services.

Further consideration of the practicalities of MPA designation would require increased
attention to inter aliasite boundary issues, possible zoning, and secanomic
considerations, with wider engagement and consultations expected to involve other UK
government departments; neighbouring nations (e.g. Mauritius, Seychelles and Maldives);
NGOs with interests; and other stakeholder groups (incluGimaggossiarepresentatives).



2. Background 3. MPA definition and global
context

The 55 islands of the British Indian Ocean Territory

(Chagos Archipelago; Figs 1 & 3) have a combined landThe workshop adopted the International Union for

area of less than 60 sq kgraround 15% of the size of the conservation of Nature (IUCN) definition of a Protected
Isle of Wight. However, they are surrounded by severaly NB| 5 gKSGKSNI GSNNBAGNRKI§
thousand sqg km of coral reéfsand the potential BIOT geographical space, recognised, dedicated and
Exclusive Economic Zone for management of marine  managed, through legal or other effective means, to
resources is at least 544,000 sq gmore than twice the 5chieve the longerm conservation of nature with

2 NJ

total UK land area. This marine space includeson@hn | 3 52 9AF 1SR $§023e8408Y ABNDA OS A

ridges, trenches and abyssal plains, as well as coral reefgefinition is also used by the Convention on Biological
atolls and banks. Whilst the UK governmentis already pjyersity (CBD).

committed to strong environmental protectiéfiof the

¢CSNNAUZNE FyR AGa adNNE dzypdebtet Aed dddighation RefufsBsIBiddced nott I &
GSNBE | 2 2NI R the GuseSoiiforah & A U fpéessarily exclude, human use. As detailed in Table 1
additional safeguards with international recognition has pejow), six categories are recognised by IUCN,

been madéby the Chagos Conservation Trust and the  gepending on the naturalness of what is being

Chagos Environment Network, as discussed at a meetingonserved, and the objectives and strictness of

atthe Royal Society on 9 March 2009. protection. Most existing large MPAs are zoned, to
o _ allow for multiple uses; e.g. 0.3% of the area of the

To assess the scientific justification for such action, the Great Barrier Reef Marine Park is IUCN category |, fully

UK Foreign and Commonwealth Office (FCO) sought  protected; 33% category I1; 4% category IV; and 62%

independent advice from the National .Oceanography category VI. MPA zoning can also be vertical, with

Centre, Southampton (NOCS) on environmental different levels of protection for the water column and

considerations relevant to the possible designation of  geafloor. For all categories, protection needs to be a

a BIOT Marine Protected Area (MPA, see below). In ggjiperate goal, involving a lorigrm commitment and

response, NOCS, in partnership with university co addressing both generic and sispecific conservation
convenors, obtained NERC SOFI support for a workshoRypjectives, rather than as an incidental outcome of other
held on 56 August in order to i) widen the informal management policies (e.g. defence), that may change
evidence base for such scientific advice, through according to external circumstances.

involvement of relevant experts in the UK research

community and elsewhere, and ii) identify knowledge  The global total MPA coverage (of all categories) has

gaps and associated marine science opportunities recently been estimate@as 2.35 million sq km, 0.65%
o ) of the world ocean. This value compares with the

Workshop participants were made aware of the unique nternationallyagreed CBD target of 10% (by 2012), and

historical and legal complexities relating to the Territory. 5 3004 target by the World Commission on Protected
It was recognised that many issues relating to MPA I NBI 4 hyte nony: 2F K

S o
establishment and governance for this area couldnotbej 2 5§ Fdzf f &8 -LINPESOISRE A0S

covered by a twalay meeting, arranged at relatively

short notice and focused on environmental questions in Ajthough there have since been additional substantive
the context of_existing conditions. A comprehensive  \pa designations in the Pacific by the US (Marianas
sociceconomic assessment would anyway be beyond - Trench, Pacific Remote Islands, and Rose Atoll Marine
NERC interests and competence, requiring wider National Monuments) and Australia (Coral Sea
stakeholder engagement and attention to human Conservation Zone; interim status), representative
dimension issues (including ethical, jurisdictionaland  |ndian Ocean ecosystems remain poorly protected or
defence considerations) at both national and internationg|nprotectedwith many already badly damaged. As
levels. The workshop noted that a formal FCO aresult, the Udased Pew Environment Group has
consultation fow in progresswill be carried out on the  jgentified theChagog NOKA LISt | 32 (G2 o
potential BIOT MPA, and the UK and Mauritiangovern g¢ 251 f f Aa0¢ Fa 0KS YI NR y
ments have had preliminary discussions on this Ssue  status, with full protection considered to be both highly

) ) desirable and achievable.
Annex 1 of this report provides the workshop programme;

Annex 2, the participants list; Annex 3, references and For the purposes of the workshop, the potential MPA
notes; and Annex 4, acronyms. was considered to include ladzhsed ecosystermand
the lower atmosphere, as well as reef systems, the
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deepseafloor and the open ocean water column. position on Chagossian issues, the workshop made no
All discussions were held without prejudice to the assumptions with regard to the possibility of future re
outcome of proceedings at the European Court of settlement of any of the currently uninhabited BIOT
Human Rights, i.e. whilst noting the UK government islands.

Table 1 IUCN categories for protected areas in MPA cofitext

Category Main characteristics

Vi

Strict nature reserve/
wilderness area

National Park

Natural monument
or feature

Habitat/species
management area

Protected landscape/
seascape

Protected area with
sustainable use of
natural resources

Strictly protected, and as undisturbed as possible to preserve natural condition. Very
limited visitor access. No commercial extraction of either living orlhong resources (no
take).

Natural or neamnatural areas; managed for ecosystem protection, with provision for visitor
use. Resource extraction not generally considered compatible with this designation.

Aimed at specific natural feature (e.g. sea mount) or cultural site (flooded historical/
archaeological area); visits and recreation may be encouraged .

Aimed at particular habitats or target species (e.g. whale sanctuary); may require active
management intervention or timéimited protection (e.g. during spawning/breeding
season).

Balanced interaction of nature and culture; human intervention is expected. Considered
suitable designation for inhabited coastal areas of high aesthetic value .

Explicit promotion of sustainable use of natural resources (including regulated fishing) to
provide the means of achieving nature conservation

NESTa O2@SNItSaa GKFIyYy wm: 2F (KS fidhbphdeK Qa
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4. Scientific (and societal)
importance of the BIOT area

Nearpristineconditions Human impacts on the BIOT
area are minimal, and less than any other tropical
island groups in the Indian, Pacific or Atlantic Oceans.
Fishing is limited and relatively wedgulated (see

Through national legislation (Marine and Coastal Access Section 5 below), and there are currently no

Act), European directives (e.g. EU Marine Strategy
Framework Directive, EU Habitats DirectiMafura

2000), international agreements (e.g. CBamsar
Convention on Wetlands, UN Convention on Law of the
Sea, and 2002 World Summit on Sustainable
Development), and recent speechéghe UK
government is committed to protecting marine
biodiversity for direct and indirect human benefits.

The wider scientific and societal rationale for MPAs is
detailed elsewhert18, although not without critics.
Discussions at the workshop focused on the
environmental features of the BIOT atéthat are

either unique or particularly valuable in an MPA context
¢ as follows, and in Tables 2 and 3 below.

Large size Many conservatiomelated benefits of
Protected Areas increase ndinearly with size, since
smaller areas are much less effective in maintaining
viable habitats or populations of threatened species

significant economic activities on the islands other
than those associated with the US military base on
Diego Garcia. Direct anthropogenic impacts
elsewhere in BIOT relate to the introduction of ron
native terrestrial species (coconut palms and rats, not
on all islands); illegal harvesting of sea cucunmiSers
and reef sharks, with occasional temporary
encampments; mooring damage by visiting yachts;
and some strandline marine litter, originating outside
the BIOT area. Semater quality is exceptionally high
(even in the Diego Garcia lagoon), with pollutant
levels mostly below detection limits.

The combination of these factors results in the BIOT

(particularly in the face of global warming, causing major 29% (with BIOT providing 14%) remaining at low

spatial shifts in weather patterns and climatic regimes).

Furthermore, the scale of a possible BIOT MPA would bethe BIOT area gives them crucial importance as the

global news, clearly delivering on UK political objectives WO2 Yy i N2 f Q T2 NJ NBa S| NOK

for environmental protection and sustainability. Thus if

[atN

FNBIF &adzZlJLR2NIAY 3 FNRdzy R KIF € F
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that 17% of that total is estimated to have been
effectively lost, 22% is in a critical condition, 32% is
threatened by a range of human activities, and only
threat levef!. The health of marine ecosystems in

FYR YI

elsewhere, where human impacts are very much

all the potential EEZ is included, the BIOT MPA would begreater.

0KS ¢2NI RQA
1 dza G N> £ AL Q&
MPA were a ndake zone, it would more than double
the total world marine area with fully protected status.

aS02yR

Habitat diversity Whilst most conservation attention
has to date focussed on shelf and coastal sea habitats

tNBSai
/ 2 NI fqanfl iBdll thé 2 y HEMN®Sllieihde af BIOT:@ 1l $eefSince the late

G2 RIS 2yte& SEOSSRSR o8&

1970s, coral reefs worldwide have increasingly
suffered mass mortalities from temperatuiaduced
bleaching, due to the breakdown of the symbiotic
relationship between corals (animals) and algae
(plants), the former relying on the latter for

(temperate and tropical), the BIOT area also includes an photosyntheticallyderived energy. Whilst BIOT
exceptional diversity of deepwater habitat types. Thus a surface waters have warmed byL°C since the late

very wide range ojleomorphologicahnd tectonic

19h century, and manghagoseefs were badly

features are indicated from survey transects and satellite affected by bleaching in 1998, they have recovered

altimetry (sea surface height used as a proxy for
bathymetry; Figs 3 & 4), with such features including
plate separation, fracture zones, sélaor spreading,
seamounts and migbcean ridges (Central Indian Ridge

more, and faster, than any other known coral reef
systen?2. This resilience has been ascribed to the
lack of suspended sediment, pollution and other
human impacts, providing beneficial consequences

andChagod_accadive Ridge, the former likely to support both for ecosystem integrity and water clarity. Thus

chemosynthetic vent communities); deep trenches, to
~6000m Chagodrench); and abyssal plains (rifdlian
Ocean Basin). Although the deepwater habitats of the

grazing reefiish prevent overgrowth by mactalgae;
lagoonakorals are more abundant than in reef
systems subject to anthropogenic pressures; and high

BIOT area have not been mapped or investigated in any light penetration allowshagosorals to grow to

detail, work elsewhere has shown thgtdeepwater

depths of >60m where they are less prone to

biodiversity is closely linked to physical diversity; ii) there thermal stress¢flower limits of 2840m elsewhere in

may be marked temporal and spatial variability in

the Indian Ocean)Chagogorals may also benefit

community composition and abundances; and iii) speciesfrom locallyfavourable hydrodynamic conditions

richness can be very high (particularly at the microbial
scale; e.g. molecular analyses of deep sediment
yielding >1000 species of a single clastinobacteria
per sample, with >90% being novaka)™®.

(intermittent inflows of cooler water, due to vertical
movements of thehermocling, and/or genetic
factors (prevalence of heaand lightresistant
dinoflagellatecladeg®). Whatever the basis for this



resilience; currentlysubject to research attention, and
meriting additional effort; it is of global conservation

of connectivity, based on species similarity coefficients
andgenetic marker%, indicate potentially significant

significance, in the context of recent dire prognoses for export (and hence scope for population replenishment)

the future survival of coral reef25,

Role as regional stepping stone andseding source
I 1Se NeRftS FT2NJat!a A&
production and reproductive output, providing other
areas with biomass angtopagulegjuveniles, larvae,
seeds and spores) of species important either for

to the western Indian Ocean, consistent with ocean
current data.

i KIS panidulyr| siichathnéctivBytstudiedldhowaat cobaisdzNLI d

and turtles are linked eastest, not northsouth, with
fish genetics results also indicating high regional
dispersionr®. Other groups currently being investigated

commercial exploitation, conservation purposes or more (by US, German, Canadian and Taiwanese researchers)

general ecosystem functioning. This replenishmentis
hard to quantify, yet can be critical to the viability of
heavilyharvested populations, particularly if they
arealsosubject to regionally or temporariyariable

include terns and boobies, coconut crabs, and reef
invertebrates. Highesolution biophysical modelling
(combining life cycle features, dispersal behaviour and
ocean hydrodynamics) could also advanceuauder-

breeding success. The BIOT area is exceptionally well standingof crucial connectivity issues; for example, as
placed to serve this role (Fig 1), and preliminary studies developed for zooplankton in the North Atlarfic
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Table 2 Specificissues raised by the FCO to assist in assessing the conservation value of the BIOT area. Priority
assessmenfXXXXvery high global/regional importanc&XX high global/regional importanc&X moderate
regional importanceX, low importance

Are there areas kept
inviolate from

human interference
so that future
comparisons may be
possible with
localities that have
been affected by
human activities?

Are there represent
ative examples of
major marine
ecosystems or
processes?

What is the level of
heterogeneity?

Are there areas with
important or unusual
assemblages of
species, including
major colonies of
breeding native birds
or mammals? Is
there type locality or
is the region the only
known habitat of any
species?

Are there areas of

particular interest to
ongoing or planned
scientific research?

Are there examples
of outstanding
geological or
geomorphological
features?

Are there areas of
outstanding
aesthetic and
wilderness value?

XXXX

XXXX

XXXX

XXX

XXX

XXX

Nowhere on Earth is inviolate from human impacts, but the BIOT area is amongst the least
affected (with many pollutants lower than in polar regions). Land access is highly
controlled and limited to military personnel and support workers, the BIOT Administration,
and authorised scientists. Most of Diego Garcia is a desigRaetsasite3’; the Chagos

Bank is a proposelamsasite; and five reef/island areas are managed as Strict Nature
Reserves (all or part éferoBanhosAtoll, Nelsons Island, Three Brothers and Resurgent
Islands, Cow Island and Danger Island). -hetive terrestrial species are problematic on
some islands; a recent attempt at eradicating rats from Eagle Island was unsuccessful. All
the BIOT area is a Fisheries Conservation Management Zone, with commercial catches
NB3dzA F iSR 68 ftAO0SYyOS yR fAYAGSR (2 WadzNLJX dza
sea cucumbers, sharks and reef fish) does occur, and the BIOT area is affected by over
fishing elsewhere (e.g:90% depletion of sharks throughout the Indian Ocean since 1970s).

There is a very wide range of (tropical) marine habitats and ecosystems. Shallow water and
landareas areallreagi  a SRZ Ay Of dzRA y 3 ZiffottreMErgestKaoll 6 2 NI RQa
(Chagos Bank). Reef heterogeneity is high, depending onexgasure, shelter and water

depth, with different coral assemblages. Some island ecosystems have been greatly

affected by historical use. Deep seafloor ecosystems are expected to be highly diverse,

based on largescale geomorphological variety, but have not been surveyed or studied in

detail. Water column (planktonic) ecosystems are inherently less heterogeneous.

The BIOT area is hosttd40 redlisted®' species with 76 having elevated risk of extinction
OAYyOf dzZRAY3 GKS g2NXRQa fFNHSaAG | NIKNRLRRS
recognised by Birdlife Internatiortdl at least 784 species of fish, 280 land plants, 220

corals, 105nacroalgae96 insects and 90 birds (24 breeding); and undisturbed and

recovering populations of Hawksbill and Green Turtle. Bird breeding populations are
amongst the densest in the Indian Ocean (e.g. 22,000 nests on Nelsons Island, that has a
total area of only 80 ha). Vegetation includes remnants of Indian Ocean island hardwoods.
Marine endemics and type localities include tBeago®rain CoraCtenellechagiusand

the Chago<LlownfishPAmphiprionchagosensisiowever, there are relatively few other
endemics, supporting the case for high connectivity between BIOT and other areas.

i K

All areas are of scientific interest. Over 200 publications to date from research visits limited

in number, duration and platform capabilities. Current work includes reef resilience and
palaeoclimate studies (on 300 yr old corals). There is scope for glegighyficant

I RGIyOSa Ay 1y2¢6fSR3IAS 27 A0 208ty I OARAFAO
observations on atmospheric composition and ocean carbon chemistry; ii) climate change,

by developing and testing climate prediction models; iii) spatial scaling of population

connectivity, from fielebased and theoretical approaches; and iv) deep sea biology,

geochemistry and geology. [Also see Section 7]

Unique or neaunique reef featuresincludéc v/ K 32a8 . Iyl Aa GKS
archipelago has a very high number of drowned and awash atolls yet with good coral
growth; iii) Diego Garcia is possibly the most completely enclosed atoll with a sea
connection; iv) the calcareous algal ridges are the most developed of the Indian Ocean
(these stop atolls from eroding); only losgvell Pacific atolls show the development seen

in Chagos; v) there are lagoonal spur and groove systems (only site where this is reported,;
vi) most lagoon floors are carpeted with corals instead of sand and mud; vii) light
penetration to >60 m in deep lagoons and seaward slopes, linked to exceptionally deep
peak coral diversity (20m); viii) earlier Holocene-st#ind cuts and caves clearly visible at
30m depth; ix) location is seismically active, resulting in examples of recent uplifted
limestone (raised reef islands) and some dejeited, now submerged reefs. As noted
above, deepwater geology and geomorphology in the BIOT area are also potentially of
great interest, but have yet to be subject to detailed scientific study.

g 2 NI

Nearly all of it. Most small islands and lagoons are extremely picturesque and idyllic, with

several smallerislandsinnedNA & G Ay S O2yRAGAZ2Y ® ¢KS WoANR
Reef quality and healthresat a level that has not been seen at most other global

locations for > 50 years, with water clarity for seaward reefs near its theoretical maximum.



Table 2 continued.

Arethere any sites or Knownhistoric sites include the restored old settlement on eastern Diego Garcia.
monuments of XX®  gettlements on other atolls have mostly disintegrated, especially those on Egmont anc
recognised historic Eagle which were abandoned in 1950%ere are graveyardm Diego Garcid®eros

value? Banhosand Salomon, with some recent restoration. Somegetlement wrecks deduced

from collections of artefacts, such as Ming pottery, copper and brass naval items from
various times over last 400 years. An Australian expedition in Novembel&i@2ifor
even older remains or evidence of settlement from very early odaaing societies.

What is thegeneral IndianOcean reef fisheries are mostly grossly egeploited, with low catch per unit effort.
state of Indian Ocean XxXxX  Catch per unit effort of reef fish in the mostipexploitedBIOT areds ~20 times higher
fisheries and reefish? than in East Africa and elsewhere (although that does not medolathigher harvests
Isthe status of blue could be sustained). Licensed blue water fisheries in BIOT focus on migratory tuna (ir
water and reef fish in waters for only 1€20% of their lives), with somw®ycatch [Also see Section 5]
Chagodglifferent?

The analyses given in Tables 2 and 3 indicate that non between $100,000 $600,000 per sq km per year. That

use values of BIOT natural resources are generally range compares with current BIOT protection costs of
higher than use values. Preliminary monetary values ~$5 per sq km per year. There was not, however, the
were included iD NI @ S Zprieseiddticd at the opportunity at the workshop for detailed discussions of
workshop. Global studies done on the economic economic issues.

benefits of coral reefs estimate their value to range

Figure 5 Fauna that would benefit from the proposed BIOT marine protection area include a) the e@dagos
brain coralCtenellachagiusb) shallowwater holothurians (sea cucumbers), sucfihslenotaananasc) the land
breeding hawksbill turti&retmochelysmbricatg and d) a wide range of nesting seabirds, including the red footed
boobySulasula shown here in juvenile plumage



Table 3.Preliminary assessment of relative economic values (use andiseyfor the environmental goods and
service$*3provided by the BIOT area, excluding mineral resources [from presentation prepared for the
workshop by Rsravestocland shown by C Sheppard]. Darker shading = higher value.

. , USE VALUES NONUSE VALUES
Environmental goods and services

use value value value
Tourism
Fisheries
Shorelingorotection
Research
Scientific baseline
Aesthetidand/seascapes
Support for Indian Ocean fisheries
Cornerstone of Indian Ocean reef recoven
Model for Indian Ocean reef restoration
Spiritual and cultural values
Iconic
Pristine
Biodiversgity)

Unique

5. Flshery ISSuUes sharks have been recorded by weight since 2005,
averaging-50 tonnes per year. Bitaycatchis not

The expectation for MPAs is that they are partly, if not considered a significant problem.

fully, notake zones for fishing, either immediately or

phasedin, on the basis that the protected area thereby There are two other BIOT fisherigstow-level

assists in achieving stock recovery and/or maximising recreational fishing activity in Diego Garcia and from

longtermyields over a larger area. Make zones visiting yachts; and i) Mauritian inshore fishing,
should also eliminate any nelmrgetedbycatch that through historical rights regulated through free
might threaten endangered species. licences, with the number of licences based on

assessments of surplus allowable catch. Licence
As already noted, fisheries in the BIOT area are both uptake and inshore catches have been very low in
protected and exploited to some degree. MRAG Ltd isfécent years, with no Mauritaniafiagged vessels
currently contracted to the BIOT Administration for the fishing since 2006.
provision of relevant services and advice, primarily

relating to fishery management within the 200 nm MRAG representatives at the workshop questioned
BIOT Fisheries Conservation Management Zone (FCM#hether full closure of all BIOT fisheries would achieve
declared in 1991 and revised in 1998 the desired conservation outcomes, providing a

paperf’that argued that:

Indian Ocean tuna fisheries are regulated by the IndianA
Ocean Tuna Commission (IOTC), of whiciBLIXT is a
member. Yellowfin bigeyeand skipjack are the main
species commercially targeted in the BIOT FCMZ,
through bothlonglineand purse seine fisheries (Fig 6;
Table 436. The latter generally has higher catches,
f GK2dZAK 023K | NBE OSNE OIANFne okt SkelRodzbomé & turia dafidry@8sury A 3 NI G 2
behaviour (with maximum abundance in BIOT waters would be a displacement of the fishing fleets to the

in December and January)onglinedbycatchesf edge of the BIOT area; total fishing effort (and tuna

Inshore and offshore fishing areas need to be
considered separately. Whilst a full-teke MPA

would undoubtedly benefit resident reef fish, its
benefits were less certain for highly migratory species
such as tuna.



Table 4 Summary of commercial tuna fisheries in BIOT Fisheries Conservation Management Zone. Data based on
FAAKAY I ©@SaasStaQ 23022142 a LINPGARSR RBY wnny 'Y yIi

LONGLINE PURSE SEINE

2007/08 Range 2003/04 2007/08 2007/08 Range 2003/04 2007/08
Total catch (tonnes per yr 1366 590- 1366 23418 95-23418

Catch per unit effort (tonnes 0.91 0.52¢ 1.10 18.1 3.5¢ 36.2
per vessel per fishing day)

catches) might therefore remain much the same, the Ultimately the decision on the extent of the open

only difference being that the BIOT Administration ocean netake zone within a potential BIOT MPA will
would no longer receive licence income. be a political one. There is undoubted attractiveness in
the simplicityg and greater presentational impagtof

a large, netake MPA. For either a scaledwn version

Br an internally zoned one, more subtle justifications
would be needed, with the risk that such options might
appear to be no different from businessusual.

A True conservation benefit for tuna may best be
achieved by maintaining an IOTC catch quota allocatio
as a coastal state and subsequently managing that
guota to meet conservation aims, as a sunset option.
This could help reduce the total Indian Ocean tuna
catch in contrast to merely closing the FCMZ and

. N, Theworkshop also considered the issoeMauritian
displacing fishing elsewhere.

fishing rightdo be a political one, that could only be
A Ifall the BIOT area were atake zone, that action resolved by negotiation and international agreement.
might reduce the conservation influence of BKOT Full protection of the BIOT area as atake MPA
within the IOTC. would also need to apply to recreational fishing by

) o ~visiting yachtsmen and on Diego Garcia.
A Furthermore, illegal fishing in the BIOT area might

increase, since licensed fishing vessels currently assist
in the policing (and exclusion from the FCMZ) of
unlicensed ones. Such an increase would have cost
implications for management and surveillance, no
longer covered by licence fees.

SN

_ e AP =4
A The above factors make it preferable to fully or i
partly continue the commercial fishery, by internally s
zoning the BIOT MPA, or by limiting its size to less thaies
the current FCMZ.

-

Whilst acknowledging the complexities of the above
issues, other workshop participants were not all fully ¢
persuaded by these arguments. Coupled modelling of*
fishing f_Ieet behavipur and tuna population dynamics Figure 6 Purse seine catch yéllowfintuna.
under different zoning scenarios was suggested as an

approach that might assist in quantifying key

interactions, together with an analysis of the effects of

0KS OdzNNBy i WOt 2ada2NBQ 27
piracy). An interim measure for the BIOT area could
include a more comprehensive research and observer
programme for the licensed tuna fisheries, to increase
the database on tuna spawning, juvenile catches and
bycatchesand sensitivity of individual and population
movements to climate chang&and other environ
mental variables. If the tuna fishery in the BIOT area
were to continue, on the basis of MRAning, then
adzOK NBXaSI NOK | OGA@GAGASaE
contribute tolongtermpopulationcoservatiorwhilst

also identifying any areas of aggregation of protected,

endangered or threatened species that might benefit Figure 7. BPV Pacific Marliescorting an illegal fishing
from targeted timearea closures. vessel into Diego Garcia.




6. Threats, risks and Sea level riseClosely linked to climate change (but
also affected by local vertical land/seafloor meve

uncertainties ments), relative sea level at Diego Garcia increased by

4.4 mm per year over the period 19280142, nearly

The workshop discussion groups identified a number  twice the global average for absolute sea level

of events, activities and possible developments that, change. If future increases are not fully matched by

depending on their location, timescale, severity and the upward growth of reef flatg considered unlikely

combination, might either strengthen the case for MPA on the basis of historical evidengghe consequence

establishment or jeopardise its future success. These will be increased shoreline wave energy, erosion of

issues could be grouped under three general headings island rims and much greater flooding risk (Fig 9),

¢ environmental changes, human activities, and particularly during extreme weather events. Since

sciencepolicy interactiong as below. This list does the maximum elevation of most northern BIOT

not claim to be comprehensive; for additional details islands is only-12 m, these are at risk of becoming

on several of these topics, see tidagoLonservation §dz0 YSNHSR 2NJ WRNRB Y SRQ | G2f f :

Management Plan (2008) the basis of businesssusual climate change
scenarios.

Environmental changes
Introduced speciesCurrent (landbased) problems

Direct climate change impactsn addition to a likely for invasive nomative animals and plants are
increase of-2°C in sea surface temperatures over the ~ relatively well known, and the need for control
next 2630 years (W|th serious imp"cations for the measures I‘ecognlsed. No marine introductions were

frequency of coral bleachif$?d, significant changes in found when surveyed by IUCN in 2006, but continued

storm activity, rainfall, and ocean circulation are now  care, e.g. re ballast water discharge in Diego Garcia

nearinevitable®. All these aspects of climate change  lagoon, is necessary.

will impact the integrity and ecosystem functioning of

coral reef ecosystems not just in the Indian Ocean but Human activities

globally, increasing the societal and scientific value of

nearpristine reefs that have shown greatest resilience |llegal fishing lllegal neashore and reef fishing (e.g.

to date, and that are therefore most likely to survive in  for holothuriansg sea cucumber®; Fig 5b) is a

future. concern, and any increases could require a stége
increase in protection and enforcement effort, in the

Ocean acidificationClosely linked to climate change, form of an additional fishery protection vessel (Fig 7;

increases in dissolved g€ause decreases in pH and that could also be available for research and

aragonite saturatiorg, with potentially serious monitoring activities). Underlying factors include the
implications for coral calcificatiéh Thus-50% increase in the smallessel fishing fleets of Sri Lanka

reduction in coral growth rates are predict&df and other nearby nations, in part due to peastinami

atmospheric Cglevels reach 45@pm (optimistically aid; the rapid growth of populations all around the o
O2yaARSNBR (GKS wal FSQ G NHd=RAOcday; ard Yhé dedidinly €ondRiohloffcorddt A Y I G S
negotiations; levels are currenty885ppm). Ocean reefs elsewhere, with severe ovexploitation of

acidification may already be affecting the rate of post  their fisheries.
bleaching recovery, and is highly likely to hasten the
demise of coral reefs subject to other stressors.

Figure 8 Whilst all

tropical corals are
threatened by global
warming and ocean
acidification, those in
Chagoseefs may be
more resilient due to
fewer other stresses.
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Visitors Anchordamage from yachts was identified as
a significant visitor impact in the 2003 Management
Plarb, and remedial action has since been taken.

The workshop considered that the development of
commercial tourism would risk ecologicikmage and
disturbance, and was pragmatically unlikely because
of current defence activities; the very limited land
available for infrastructure~16 sq km, excluding Diego
Garcia); and constraints on freshwater supply and
waste disposal. Nevertheless, it would be important
goal for a BIOT MPA to provide virtual visitdine

(e.g. using Google Earth, and via the websites of
conservation bodie). Such access should involve
underwater and lanebased webcams and
2LII2 NI dzy AGASE F2NJ WOAGAI
research and educational projects.

Research activitie$Scientists are also occasional
visitors (around 50 over the past 25 years, not

Bioprospecting The high genetic diversity of coral reef
ecosystems makes them attractive targets for
biotechnological and pharmacological applicatitins
However, bulk harvesting is generally not required;
instead small samples are used for initial screening,
with subsequent laboratorpased molecular
characterisation and production scalg of any novel
bioactives The high cost of drug safety testing,
together with patenting problems for natural products,
has limited commercial development to date.

Sciencepolicy interactions

Political uncertainties The hgad of the ECO delegation
t¥he Rotkdhep/siaiedthe B gbledmehtpdsition A Y

with regard toChagossiare-settlement, US military

use of Diego Garcia, and Mauritian sovereignty claims

for the Chagodrchipelago: on all of these issues, no

changes to existing arrangements were envisaged in

connected with defence issues). Whilst considerable e near future.  Whilst some workshop attendees
care has been taken to ensure that researchers do not considered that more detailed planning for an MPA

themselves cause environmental damage, high
standards need to be maintained for any future
expansion of scientific activitieghat could be
expected following MPA designation.

Sound pollution Underwater seismic surveys and
defencerelated underwater acoustic operations are
potentially damaging to marine mammals such as

should not preclude resettlement, and/or the possible
return of all or some of the islands to Mauritian
jurisdiction, these scenarios were not discussed in
detail. The FCO emphasised that any proposal for the
establishment of a BIOT MPA was without prejudice to
the outcome of proceedings at the European Court of
Human Rights.

whales and dolphins, and were identified as a concern ginancial commitment MPA designatiorestablish

at a recent Indian Ocean Cetacean Sympo&iurany
such activities would need to be carefully regulated to
minimise or exclude impacts within a BIOT MPA.

Qil pollution, marine litter.No marine oispill incidents
to date. Most UK legal measures to minimise the
incidence of oil pollution and assign liability for clean

mentand maintenance are not cofitee activities: a
longtermfinancial commitmentis needed for their
succes¥®. Protection costs for the BIOT area are
currently modest (estimated b@ravestocko be ~$5

per sq km per year), at the low end of a global
analysi8°of MPA costs that had a median of $775 per
sq km per year. Whilst larger areas can be expected to

up costs already apply to BIOT. Marine litter (flotsam, paye lower costs when expressed on a per area basis,
mostly plastic debris originating outside the BIOT area)yiher site-specific factors would continue to keep costs

is a shoreline problem on northern islands; its periodic
removal is underway to maintain beach quality for
nesting turtles.

Seabed mineral extractionAlthough not currently of
economic importance, deep sea mineral exploitation
may occur in future as larblased ore reserves become
depleted and metal prices rise. The Central Indian
Ocean abyssal plain (Figs 1,3 & 4; to the east of the
BIOT area) is rich in ferromanganese nodjemnd
deposits ofpolymetalicsulphides and cobaltch
ferromanganese crusts may occur at the actively
spreading Indian Ridge systé&hiFigs 1, 3 & 4; to the
west of the BIOT area). An ISA licencepfalymetallic
nodule exploratioA’ was issued to India in 2002 for an
area of 150,000 sq km outside national jurisdiction to
the southeast of theChago#rchipelago. The
environmental impacts of commerciatale seabed
mineral extraction have yet to be determined.
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low for a BIOT MPA; in particular, the very low visitor
numbers (reducing infrastructure and maintenance
costs), and the negligible opportunity costs (income
that might otherwise be available from alternative
uses).

Stakeholder supportAs already noted, wide
stakeholder support would be needed for the success
of a BIOT MPA, where stakeholders are defined as all
groups involved in achieving project objectivasot
justin terms of permission or financial support, but
also those who are directly or indirectly affected, and
with the ability to influence public opinion.




i opportunities, that might be of interest to NERC, the
7. Science needs and Royal Society or NSF) and MPA management (more

opportunities operationally focussed requirements, for support by
BIOT Administration/FCOfID Defraor NGOs), as

A recent online revie® identified a very wide range of Summarised in Table 5 below.
environmental science topics (mostly corabf _ o
related) considered to be of high importance for the ~ NERC support could either be through individual, -
Chago#\rchipelago, grouped under 16 headings: responsivemode research grant proposals; consortium
Stepping stone in the Indian Ocean; ocean warming bids, assessed on scientific merit and involving a multi
effects; coral mortality from warming; coral recovery ~ institute research team; or a larggeale Research

and trajectories; foreand hindcastingof coral Programme, addressing NERC strategic prioritiesand
population trajectories; lagoon responses; fish AYAUAFUSR UKNRBdAK GKSYS f SRS
responses to climate Change; acclimation by The WOkahOp noted that responSI-VBOde grant bids

zooanthellaeclades water, exchange, clarity and sand Were highly competitive, and that it was difficult to
budgets; reef geomorph0|ogy from remote sensing; achieve the critical mass needed for interdiSCip”nary

estimates of fish diversity from remote sensing; work. Whilst Research Programme deve|0pment and
pollution and water quality; invasive and introduced ~ approval were likely to be a lengthy and uncertain
species; bird life; exploitation and poaching; and processes, muksector linkages (involving marine,
geochemistry and climateleconnections terrestrial, geological and atmospheric research

communities) could enhance the likelihood of success.
The workshop had neither the time nor the expertise  Cosupport arrangements could also be potentially
to consider all of these in detail. Nevertheless, it did advantageous, e.g. research proposal development via
re-group some key knowledge gaps and environmentathe multi-agency Living with Environmental Change
scienceopportunities, in the context of both wider (LWEC) programmg
understanding (hypothesitesting research

Figure Yabove). Coastal erosion is likely to increase
as a consequence of future sea level rise, currently
occurring more rapidly in the central Indian Ocean
than elsewhere.

Figure 1Q(left). Studies of coral cover include
measurement of densities of juvenile and young
colonies, to quantify recovery from warmingduced
mortality events.
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Table 5 Summary of some environmental science needs and opportunities for the BIOT area.

1. Survey
based research
and mapping

2. Monitoring
environmental
change

3. Largescale
or generic
science
questions

Knowledge gap

Deepsea geophysics in
BIOT area

Deepsea biodiversity in
BIOT area

Shallowsea (56200m)
habitats and biodiversity in
BIOT area [belostandard
SCUBA divingnge]

Detailedmapping of island
vegetation and soll
structure

Atmospheri@and marine
biogeochemistry
observations

Measurement®f key coral
reef parameters (for
corals, reef fish
invertebrates, turtles and
birds) as indicators of
ecosystem health

Openocean plankton
studies and abundance
estimates for top
predators (blue water fish
and sea mammals)

Physicabceanography
measurements over range
of spatial scales, including
sealevel changes

Palaeaclimatestudies
using coral cores (century
scale)

Biologicatonnectivity of
BIOT area to wider region
(via genetics, tagging and
modelling, and including
openocean fisheries)

Factorgdetermining
recovery from coral
bleaching and wider
ecosystem resilience

Context of wider
understanding

Geomorphologicavolution of
West Indian Ocean basin; plate
tectonics and other seafloor
processes

Developmenof biodiversity rules
re ubiquity/endemismtrophic
structuring, and upper ocean
lower ocearconnectivities
potential for novel discoveries

Keyecosystem component linking
islands/reefs with open ocean;
maximumplanktonicproduction
likely to be at base dhermocline

Comparisorof natural and human
influenced tropical island eeo
systems; improved calibration/
validation of satellitebased data
Rolek & WwOf SIyQ 02
including dynamics of asea
exchange processes; testing and
development of global models of
climate change and Earth system
biogeochemistry (including ocean
acidification)
Distinguishingesponses to local,
regional and global environmental
change; quantifying factors
determining ecosystem resilience;
reference data for studies
elsewhere

Regionastudies of ocean
productivity, linkage to ocean
circulation changes; development
of ecosystem approach to marine
resource management

Improvedmodels of reef and
lagoon currents and circulations
within wider context; impacts of
extreme events and future climate
change

Understandingesponses of reef
system to past changes

Theoreticabasis for ecosystem
scaling and delivery of goods and
services; optimising design and
effectiveness of protected areas;
management of migratory fish
populations

Improvedunderstanding of species
interactions, nodlinear ecosystem
changes, emergent properties of
intact systems and functional
redundancy
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Context of MPA
management

Basianapping and knowledge
of habitat diversity;
requirement for EEZ recognitiol
under UNCLOS, and MPA
boundary definition

Inventorie ¥ & LISOA S
and abundances within the
MPA; reference for future
changes

Inventorie2 ¥ & LISOA S
and abundances within the
MPA; importance for fish
feeding and spawning;
reference for future changes

Baselinenformation for
monitoring and stability/
erosion assessments

Basigarameters for detecting
site pollution and
anthropogenic impacts

Informationon MPA status and
management effectiveness
(protection, restoration or
remedial action)

Informationon MPA status and
management effectiveness

Identificationof coastal erosion
risks

Quantifyingnatural variability
and referencing future changes

Quantifyingoenefits of MPA for
food security in wider Indian
Ocean; engagement with Indiat
Ocean Tuna Commission and
wider conservation activities

Informationon MPA status and
management effectiveness;
WwoSaid LINI OGAOS
application elsewhere



Annex 1. Workshop programme

Wednesday 5 August

10.45 Welcome, scene setting and current progress

Context of meeting, broad outline (Lindsay Parson)

UK government perspective GhagoBIOT MPA (Joanne Yeaddn)
Chagoprotection as of now (Charles Sheppard)

Chagog, shallow water ecosystems and issues (John Turner)
Chagog, mid- and deepwater ecosystems and issues (DBiligtt)
12.00 Discussion

12.30 Lunch

13.30 Short presentations/contributions with discussion, including:

Fisheries management in tlighago$-CMZ (Chrigleeg

Marine conservation: the Pew perspective (Jay Nelson)

The economic value of the British Indian Ocean TerriteyaGravestockpresentation given
by Charles Sheppard)

Marine conservation: the [IUCN perspective (Daffoley

Issues relating to MPA development and design (Frand@aoabini)

Marine conservation in SE Asia (Heatkeldewey

MPA development in Southern Ocean (Susie Grant)

Shallow marine benthic biodiversity: tropiggimperate comparisons (Andrew Mackie)

16.30 Scientific review; key issues
17.30 Close

o T I> T To

To o o o Po o T I

Thursday 6 August

09.00 Short presentations/contributions with discussion, continued

A Deepwater bathymetry and habitat mapping (Colin Jacobs)

09.15 Working Groups on science justification for BIOT MPA : benefits, threats and research issues
12.00 Reports from Working GroupapporteursDavidBillett, Phil Williamson)

12.30 Lunch

13.30 Concluding discussions

15.30 Close of meeting.

Note (54) below gives details of additional written inputs
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Colin Jacobs NationalOceanography Centre, Southampton

Douglas Kerr Foreignand Commonwealth Office

HeatherKoldewey ZoologicaBociety of London/Institute of Zoology
DanLaffoley InternationalUnion for Conservation of Nature / Natural England
Andrew Mackie NationalMuseum of Wales

FrancescMarubini  Joint Nature Conservation Committee

ChrisMees MRAGLtd

Jay Nelson PewEnvironment Group: Global Ocean Legacy project
lain Orr Independenbbserver

Scott Parnell Foreignand Commonwealth Office

Lindsay Parson NationalOceanography Centre, Southampton

John Pearce MRAGtd

KatharinéShepherd  Foreigand Commonwealth Office
Charles Sheppard  Universityof Warwick /Chago<onservation Trust

John Turner Universityof Bangor

KeithWiggs BIOTAdministration

Phil Williamson Universityof East Anglia/ NERC

lan Wright NationalOceanography Centre, Southampton

Joanne Yeadon Foreignand Commonwealth Office
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Figure 11 a) The maximum species diversity for corals irCthegoArchipelago is around 20m depth, with light
penetrationto >60m in deep lagoons and seaward slopes. b) Very little is known about the deep water fauna of the
BIOT area; shown here are seafloor crabs from the neetstern Indian Ocean, feeding on dead jellyfish
Crambionellarsini. c) Sea mammals visiting tBaagoseefs include spinner dolphigtenelldongirostris




