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Semicircled Angel fish

t the request of the Ministry of

Economic Planning and Development

of Mauritius, the World Bank led a
team whose objective was to draft a man-
agement plan for St. Brandon, a group of
some 55 vegetated islands and sand cays,
reefs, and adjacent shallow waters lying
about 380 kilometres to the northeast of
Mauritius. Terms of Reference were pro-
vided by the Ministry of Economic
Planning and Development and the
Ministry of Cooperatives, Fisheries and
Marine Resources. Together, they call for
an assessment and description of the pre-
sent situation and the drafting of a man-
agement plan. The overall goal for the
management plan is to provide options
and recommendations for the sustainable
use and protection of the natural
resources of St. Brandon.

The mission, which took place between May
10th and June 1st, 1997, included an expedi-
tion to St. Brandon from May 15th through
May 26th. The team consisted of two foreign
experts and five Mauritians: team leader Mr.
Jan Post, ecologist, World Bank, Dr. Ursula
Kaly, marine biologist, James Cook University,
Australia, Mrs. Ruby Pillay and Mr. Deep
Rumjeet biologists, Albion Fisheries Research
Centre, Mr. Daniel Pelicier, fish expert; Mr.
Vincent Florens, biologist, Mauritius Wildlife
Foundation; and Mr. Jacques Brown, agrono-
mist. The expedition itself was organised by
the Raphael Fishing Company.
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St. Brandon
Management
Plan

After analysing available data in
Mauritius, additional information was
obtained in St. Brandon by visiting as
many islands and diving and snorkelling in
as many places as possible. To accomplish
this, the team was divided into three
smaller groups: a land team, a shallow
water team and a deeper water team. In
this way, fairly complete coverage of the
main habitats of St. Brandon was achieved.
Although it was clearly beyond the scope of
the mission to do a thorough scientific
assessment of the resources of this large
area (about 60 by 20 km), of which many
parts are very difficult to access, underwa-
ter as well as above, the team feels confi-
dent that enough data and insight has
been gathered to answer the main ques-
tions pertaining to the management of the
area. The conclusions and recommenda-
tions in the management plan are there-
fore supported by the whole team.

The report consists of two parts:

The Management Plan, which presents
the main findings and conclusions pertain-
ing to management and monitoring of St.
Brandon. It also includes recommendations
on the political decisions and main mea-
sures which need to be taken, together with
the reasons for these recommendations.

A Technical Report, which consists of an
account of the work, the data and a more
detailed description of the actions per area and
habitat which, in the team’s opinion, should be
taken to enhance the sustainable management
of St. Brandon.
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Fairy Terns and Lesser Noddy, Albatross Island

t. Brandon, and its marine ecosystem,

including the coral reefs, is a unique

area that is ecologically largely intact.
There are very few coral reefs in the world
that still harbour such substantial popula-
tions of larger reef fish, and the corals and
smaller sea creatures are nearly free from
human impact. On land, however, an omi-
nous trend has been observed for two
species of breeding birds, the Red Footed
Booby and Wedge Tailed Shearwater, which
seem to have disappeared, while others-
Greater and Lesser Frigate, Roseate Tern and
Masked Booby-are in decline. Although still
numerous, sea turtles are undoubtedly in
decline as well. These losses are due to killing
and disturbance by fishermen. The marine
resources however are still abundant and do
not show signs of over exploitation.

Following its mission, the team concluded
that there are no possibilities for sustainable,
economic and legal extraction of resources
from St. Brandon other than marine
resources. The team has therefore focused on
fisheries management and the protection and
rehabilitation of terrestrial resources.

The St. Brandon fisheries should change
from a quota based system into an area
based system in which one operator protects
and exploits the area, thus having an inter-
est in its long term conservation and sus-
tainable exploitation.

* 1997 has been declared the “International Year of the Reef”.
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MANAGEMENT
PLAN

The selection of St. Brandon as a priority
area for marine protection as designated in
the four volume Great Barrier Reef Marine
Park Authority (GBRMPA)/World Bank
report, A Global Representative System of
Marine Protected Areas, is fully supported.
Considering the fact that practically every-
where in the world reefs are over fished or
destroyed by other causes, there will soon be
few reference areas left for intact reef ecosys-
tems. Mauritius therefore has a splendid
opportunity to set an example by protecting
and sustainably using St. Brandon in this
“International Year of the Reef™*

In order to provide a legal basis for the
management plan, St. Brandon should be
declared a Marine Protected Area.

The St. Brandon
fisheries should
change from a
quota based sys-
tem into an area
based system...

The selection of
St. Brandon as a
priority area for
marine protection
as designated in the four volume
GBRMPA/World Bank report, A
Global Representative System of
Marine Protected Areas, is fully
supported.

Juvenile Green Turtle



2.1. Declaration of a St. Brandon
Marine Protected Area

here is currently no legislation related
to the specific fishery at St. Brandon;
control is based on the Fisheries Act of
1980. Since only vessels operating out-
side territorial waters need licenses

(Section 6.1), anyone can fish with- ‘.

in the 12 nautical

mile area around

the islands. This

means that no effec-

tive instrument exists

to control the fishing in St.
Brandon, where

most fishing takes

place inside the 12

mile zone. The

Ministry of Fisheries

can however regulate fish-
ing gear, and has done so,
pending the recommendations in
the management plan, by
prohibiting the use of
traps in St. Brandon for
Bank fishing vessels.

To effectively manage St. Brandon, the
area should become a “Designated Area”
(Maritime Zones Act para. 9), and this des-
ignation should be as a “Marine Protected
Area” (MPA). An MPA is an area where spe-
cial rules apply which aim at the protection
and sustainable use of the marine ecosys-
tem. The model for St. Brandon has been
the highly successful Great Barrier Reef
Marine Park, whose management is based
on a multiple use zoning plan.

According to the Maritime Zones Act, the
Prime Minister declares an MPA and deter-
mines the conditions for the exploration,
exploitation and protection of its resources.
It is therefore recommended that the area
depicted on the map at the end of the report
(figure 1) be declared an MPA and that this
management plan be accepted as the guid-
ing document for the protection and sus-
tainable use of the area.
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2.2. An ecosystem approach for
the St.Brandon Fishery

E xperience all over the world has demon-
strated that area based management,
whereby one user or co-operative has a long
term interest in the protection of the
resources, has by far the best chance of suc-
cess. As sustainable exploitation is compatible
with conservation, those who exploit
should have a major role and stake in
conservation. Although in theory, sus-
tainable exploitation can be achieved by a
system of quota and licenses to various users
or operators, such systems are usually very
difficult to implement and control, as the col-
lapse of fisheries in many places all over the
world has shown. This is in particular the
case with remote and large areas such as
St. Brandon.

The team’s second most impor-
tant recommendation is there-
fore that St. Brandon should
be managed and exploited by
one company or co-operative
that would lease
fishing rights for a
period long
enough to constitute an
incentive for sustainable
exploitation. A lease
period of 20 years is
recommended..
This company
should comply
with the rules and
regulations as laid down in a management
plan (this management plan, if adopted by
the Government). The Government, through
its Fisheries Department, National Parks
Service and the Outer Island Development
Corporation, should monitor St. Brandon
according to guidelines in the management
plan and have the right to revoke the man-
agement and exploitation license in the case
of non-compliance.

If the principle of area based manage-
ment is accepted, the main question is who
should manage and in what form. This
question cannot be considered in isolation
from its present and historical context.
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Typical habitat of Turtle Lagoon Marine Park

As sustainable exploita-
tion is compatible with con-
servation, those who exploit
should have a major role
and stake in conservation.
Although in theory, sustain-
able exploitation can be
achieved by a system of
quota and licenses to vari-
ous users or operators, such

systems are usually very dif-
ficult to implement and con-

trol, as the collapse of fish-

eries in many places all over
the world has shown. This is

in particular the case with

remote and large areas such

as St. Brandon.

Yellow fin
Grouper

2.2.1 Present Fisheries
Management

Since 1928, the Raphael
Fishing Company (R.F.C.)
has held a permanent lease
to thirteen of the twenty-
eight islands of St.
Brandon. A lease to the
islands provided the compa-
ny with the possibility to
establish fishing bases there
and to exploit guano
deposits. The latter activity
was discontinued after the
Second World War. The
lease of only part of the St.
Brandon islands meant
however, that several other companies were pre-
sent in the area and competition resulted in
unruly behaviour, thieving and violence. Later, a
renewable lease to the remaining fifteen islands
was granted to R.F.C,, leaving it in effect the sole
manager of the archipelago. This largely resolved
the above problems. This lease has now expired
and R.F.C. is concerned that a renewed presence
of various competing companies in St. Brandon
will once again result in an unmanageable situa-
tion, to the detriment of the resources of the
archipelago.

At present R.F.C is still the main operator in
the area. It is the only company which has fish-
ing bases in St. Brandon, on South Island in the
South and Raphael Island in the North. In addi-
tion to R.F.C., there are boats which fish mainly
on the Saya de Malha and Nazareth Banks,
coming to fish in St. Brandon waters, mostly
around the northernmost island of Albatross, on
their way to and from the Banks and in the win-
ter. Another vessel, based mainly on the Soudan

Banks, also fishes in the St. Brandon
Sea. The latter supplies the market with
fresh (chilled) fish.

2.2.2. Sustainable Yield

The sustainable yield from St.
Brandon has been estimated by FAO and
the Albion Fisheries Research Centre at
about 680 tons of fish per year. R.F.C has
a self imposed limit of 600 tons per year,
but the average has been below that,
approximately 534 tons/year between



1937 and 1995. The Banks fishing boats
capture between 285 and 780 tons in St.
Brandon waters, but it is unclear how much
of this fish actually comes from what is
defined in this report as the “St. Brandon
Marine Protected Area” (Figure 1). The
chilled fish take was 26.8 tons in 1995 and
26.7 tons in 1996. It therefore appears that
the present fishery in St. Brandon is close
to its estimated sustainable

yield, and this was con-
firmed by the team’s
field observations

of a healthy fish _ .
population. We - v A
therefore do not -

recommend an o IO
increase in fishing
pressure. Even if the BN
sustainable yield could be

somewhat higher, it is bet-

ter to err on the safe side

than risk a crash in the fish
population.

2.3. Future Fisheries Management
Option 1.

One existing company manages the archi-
pelago. This company should have a
demonstrated capability and interest in the
sustainable management of the archipelago.
The exploitation of the fisheries in St.
Brandon has every sign of being sustainable
at present and the fishermen there have an
intricate knowledge of the area. Regardless
of who might be chosen as steward, the
selected company should have the right to
sublease fishing rights to others, but should
remain responsible for ensuring compliance
with the management plan and eventual
conditions for the sub-lease. However, it
should be at the discretion of

the fishing company to
fish below the esti-
mated sustainable
yield if stocks need

to recover from
declines due to natural
causes such as cyclones,
fishing or other causes

which may be unknown. This
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should be determined in close consultation
with the Fisheries Research Centre in
Albion which should start a research and
monitoring programme in the area.
However, quota should not be imposed.

Option 2.

A new company is formed, consisting of
various shareholders, who partici-
pate in the exploitation and man-
- agement of St. Brandon. This
would more equally dis-
tribute the benefits.
However, this option
faces a number of
practica_ an_ _egal pro.-
lems, as R.F.C. holds legal
rights to thirteen of the
islands and has a consider-
able investment in South and
Raphael island. R.F.C. would either
have to give up its operations in
St. Brandon or scale down its
operations and become a
partner in the new company. In that case,
R.F.C’s permanent lease would loose much
of its value for the company and would have
to be revised.

teem

Option 3.

A quota system is introduced, whereby
different companies all get a share of the
sustainable yield. This system should
involve, apart from R.F.C., the Banks
Fishing Companies, as they are the only
ones with an interest in and capable of
reaching St. Brandon (with the exception of
the chilled fish vessel). This system has
major disadvantages:

(a) Since the Banks Fishing Companies’
main fishing grounds lay outside St.
Brandon, it will be difficult to control
what has been caught on the
. Banks and what in St. Brandon.
./ Furthermore, there should be a
W 7 system to allocate fishing
: ./ grounds within St. Brandon
waters, to spread fishing pressure
" evenly over the area to prevent over-
" fishing in some areas. It will be difficult
to determine who can fish how much and
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where, within the overall quotum of 680 tons.

(b) If there is infringement upon the regu-
lations, it will be difficult to determine who
is responsible.

(c) A quota system will result in part time
exploitation. However, the permanent pres-
ence of “eyes and ears” in the area is deemed
indispensable for adequate management.

(d) The Banks Fishing Companies harvest
together some 4000 tons of fish per year.
The benefits of a few hundred tons extra
per company would not justify taking the
risk to jeopardise a system which is much
easier to implement and which in fact has
worked fairly well until now.

Conclusion: The team recommends the
choice of option No. 1.

2.3.1. Fishing Gear
There does not seem to be a reason to

change the present fishing practice of hook
and line, trap fishing and gaffing for octopus.

Fairy Terns and Lesser Noddies, Paul Island
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However, no traps should be left in the water
after their effective lifespan has expired as
seems to be the case at present. If they need
to be discarded, they should be dumped in
deep water after being destroyed.

2.4. Future Land Management
2.4.1. Extractive use

he team found no opportunity for sus-

tainable and economically viable extrac-
tion of terrestrial resources. These resources
are mainly birds, indigenous vegetation,
sand, guano and turtles. We include the tur-
tles as a terrestrial resource because they
are often killed when laying eggs on land.
The birds and turtles of St. Brandon are
already protected by law in Mauritius.
Guano deposits have largely been mined and
exploitation of what is left is deemed uneco-
nomical and ecologically undesirable. The
same is probably true for the sand deposits.
As to the vegetation, no species of commer-
cial value has been found. Plantations of
coconuts or other crops are deemed uneco-
nomical and detrimental to the ecology of
the islands. On the other hand, the existing
vegetation is of paramount importance to
stabilise the soil, and for nesting birds and
turtles, including dead branches which Fairy
Terns use to lay their eggs on.

The team therefore recommends strict
enforcement of protection of the terrestrial
resources.

2.4.2. Non extractive use — ecotourism.

St. Brandon is rich in natural beauty and
biologically interesting features that could
support a modest ecotourism industry.
However, following the highly successful
examples of the Galapagos Islands and
Cocos Island in the Pacific, we recommend
that all tourism be boat-based on so called
live-aboards with the possibility of a stay of
one or two nights at most in basic accommo-
dation on one of the islands (Cocos), which
will have to be constructed. We strongly dis-
courage the construction of any resorts or
hotel-like accommodation or supporting
infrastructure such as harbours and run-
ways anywhere in St. Brandon. Beach



Table Corals at 15 in depth

tourism should be

concentrated on the
sandy cays and the
“non-bird” islands
(other than
Albatross, North,
Poulailler, Puits a
Eau and Paul

Island).

Tourism is deemed
viable on the basis of a
“package” of a number of ele-
ments, each of which alone would probably
not warrant the time and expense of the
trip. These are:

Bird watching

Fishing

Turtle watching (on the beach at night)

A short stay at an uninhabited island

Snorkelling

Diving

A visit to the fish landing and
processing station

The quality of scuba diving in St.
Brandon was not considered competitive
enough with other areas in the Indian
Ocean to justify the setting up of a
specialised live-aboard diving
business. Lethrinus the

dominant species
for fisheries

2.5. Zoning

he team recommends

that for management
purposes St. Brandon be
divided into the following 5
zones: (map at end of report)

Terrestrial Reserves

Islands designated for human
activity

Marine Parks (2)

Paul Island Special Fishing Zone.
St. Brandon Sea

2.5.1 Terrestrial Reserves

All islands and cays other than Raphael,
South Island, Avocaire and Cocos Island. No
human activities other than visits, research
or restoration activities allowed.

Management Plan for St. Brandon

2.5.2. Islands for human activity

Raphael, Avocaire, South Island, Cocos
Island. Human habitation allowed, other activi-
ties following certain rules. At present only
Raphael and South Island support permanent
habitation, Avocaire is a temporary fishing base
and Cocos has been abandoned but will possi-
bly be revived as an ecotourism base.

Plantation of trees and other plants and
introduction of domestic animals should be
allowed only on the islands for human habita-
tion after consultation with the National
Parks Service and the Mauritius Wildlife
Fund, to avoid the accidental introduction of
weeds or pests. In particular there should be
no cats or dogs on the islands and care should
be taken not to introduce the Norwegian rat.

2.5.3. Marine Parks

Two Marine Parks are proposed for the St.
Brandon Area: Turtle Lagoon Marine Park
and Cocos Island Marine Park (map at end of
report). In these areas, no extractive activities
will be allowed. Marine Parks are considered
an effective means of preserving marine bio-

diversity, safeguarding against over fishing
and replenishing fisheries in adjacent
areas. The two Marine Parks are
considered to be areas of vital
importance for recruitment and
feeding of Dame Berri and
Capitaine (Lethrinus), the
most important commercial
species, and to provide a good
representation of the slightly
different faunal and habitat
compositions of the Northern
and Southern parts of St.
Brandon. Paul and Cocos provide
different but complementary
examples of the terrestrial habitats
of the archipelago. The total area repre-
sents roughly 25% of the reef, which is gener-
ally considered to be an adequate percentage
to safeguard a reef for the purpose of biodi-
versity conservation and replenishment of
fish stocks.

2.5.4. Paul Island Special Fishing Zone

Although strictly speaking within the Turtle
Lagoon Marine Park, an area of 1.5 km.
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around Paul Island has been designated as
Paul Island Special Use Zone. In this zone
the collection of baitfish and octopus forms
an important component of the St. Brandon
fisheries and there is little reason to prohib-
it these activities.

2.5.5. The St. Brandon Sea

This is the marine area outside Turtle
Lagoon and Cocos Island Marine Park and
the Paul Island Special Use Zone. Fishing
by line and basket traps and with a gaff
for octopus will be permitted in this zone
with an upper limit of 680 tons of finfish per
year.

The team considers Albatross Island to be
an integral part of St. Brandon, because some
important fish populations (Lethrinus) are
expected to move freely between Albatross
and the rest of St. Brandon. The island itself
is ecologically one of the most important of St.
Brandon and should therefore lie within the
boundaries of the St. Brandon MPA. However,
during the winter months the waters around
Albatross are fished by ships operating on the
Saya de Malha and Nazareth Banks. We
therefore propose the Southern limit to the
Banks Fishing Area to be 16°13’, so that
Albatross island lies within the St. Brandon
Marine Protected Area.

Butterfly Fishes in the shallows

2.6. Surveillance of the MPA

nforcement of the
management plan and
patrolling of the area is
the responsibility of
the Coast Guard
stationed at St.
Brandon. At pre-
sent the Coast
Guard notifies its
headquarters in
Mauritius of any
offences or suspicious activ-
ity, for which a plane from Mauritius
can be dispatched to investigate. Under
the present system, six coast guards stay
on Raphael Island for a period of three
months. The Coast Guard is ill equipped to
patrol the area. The only vessel available
for patrolling is a small open boat with
outboard motor, unable most of the time to
venture to the outlying islands like
Albatross and North Island. It is recom-
mended to station one of the smaller Coast
Guard jet propelled vessels from
Mauritius at a mooring buoy off Raphael
island. Furthermore, the Coast Guard sta-
tioned at St. Brandon should receive field
training to familiarise themselves with the
area. This could probably be done by the
manager of the fishing company. It is also
recommended that there
be a more frequent rota-
tion system, for example
an exchange of two
guards every three weeks.
In this way the duration
of the individual stay is
reduced to nine weeks
and there is always over-
lap between experienced
guards and newcomers
who could receive train-
ing. If necessary, trans-
port could be provided by
the vessel which makes
regular trips to St.
Brandon to collect fish. To
facilitate surveillance, the
installation of radar on
top of the weather tower
on Raphael Island could
also be considered.
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St. Brandon is too remote and still too little
visited to justify stationing a warden there.
Access to the islands should only be granted to
tourists after informing the Coast Guard on
Raphael island. Preferably, a member of the
Coast Guard should accompany the tourists
and, if that is not possible, the tour operator
should accompany all parties ashore to make
sure there is minimal disturbance. It is recom-
mended that the parties stay together and walk
on the islands for only a few hours to minimise
disturbance.
Mashed Boobies, North Island The fishermen and the manager of the fishing
company that will exploit St. Brandon should
have a role in the surveillance of the area as they
are the “eyes and ears” that are most often in the

All.)atr oss Island is field. They should be able to contact the Coast
considered to be an Guard if they notice infringement of the regula-
integral part of St. tions. To this aim, the fishermen should be
Brandon, because some equipped with a walkie-talkie.

important fish popula-

tions (Lethrinus) are The fishermen should feel responsible for

maintaining the area, since it is their future

expected to move freely which is at stake. Given that all recent damage
between Albatross and to the islands has been done by fishermen, it is
the rest of St. Brandon. of paramount importance that they become

involved in conservation efforts. The manager of
the fishing company has the task to educate the
fishermen and to instil an attitude of conserva-
tion. Most damage has been done because from
time to time the fishermen want to eat birds,
eggs and turtles. As compensation for these
“foregone benefits” and for co-operating in

Catch from fish traps mainly Groupers patrolling thg area, the ﬁshermen should be pro-

Emperor Fish and Parrot Fish vided with alternative menus by the

fishing company.

2.7. Leases

.F.C. holds a permanent lease to

thirteen of the islands of St.
Brandon and has held a renewable
lease to fifteen more. The Outer
Island Development Corporation is
the lessor of the renewable lease.
Since, according to this manage-
ment plan, the islands themselves
are not exploitable (with the excep-
tion of minor tourist infrastructure
on Cocos Island), the renewable
lease is only desirable if it includes
fishing rights in the adjacent
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The fishermen
should feel respon-
sible for maintain-
ing the area, since
it is their future
which is at stake.
Given that all
recent damage to
the islands has
been done by fisher-
men, it is of para-
mount importance
that they become
tnvolved in conser-
vation efforts.

waters. If the
principle of one
company as
proposed by
this plan is
adopted, then
the renewable
lease would no
longer be an
issue; it should
be granted to
the company
exploiting and
managing St.
Brandon as a
basis to exert
its authority
for protection of
the islands.

It is impor-

tant that the fishing company operat-
ing in St. Brandon be economically

w3

viable. At present there are restrictions
on the sale of the catch and the form in
which it can be sold. It is therefore rec-
ommended that the Ministry of
Fisheries engage in a dialogue with the
fishing company to explore whether
there might be regulations which can
be changed to enhance the economic
viability of the enterprise.

2.8. Demarcation

t would be impractical to demarcate the
St. Brandon Marine Protected Area, as
this would have to be done with buoys that
would not last long in the rough sea condi-

tions and the hurricanes which regularly
strike the area. This is not considered to be
a significant problem however, as the only
visitors to St.
Brandon would
be fishermen
from the
Banks fish-
ing fleet,
tourists
from
Mauritius and visiting yachts. The
Banks Fishing Operators
Association should be informed

10

about the regulations pertaining to St.
Brandon as well as the few tourist boats
visiting the area. Yachts should be informed
by the Coast Guard upon arrival. A few
buoys could be installed by the fishing com-
pany to demarcate the two marine parks in
St. Brandon as orientation points for the
fishermen and visiting yachts.

2.9. Monitoring
2.9.1. Birds and turtles

ood management should allow for flexi-

bility as circumstances change.
Moreover, the Government of Mauritius
should be able to determine whether there
is compliance with the management plan.
Therefore, it is important that St. Brandon
be monitored. Because of its remoteness,
size, inaccessibility of certain islands and
the costs involved, no monitoring frequen-
cy is given in this plan other than the
recommendation “whenever practical and
feasible”. It is recommended however to
carry out at least one visit per year to
monitor bird and turtle populations.
Monitoring (essentially counts and popu-
lation estimates) should be carried out
by the Conservation and National Park
Service in collaboration with the
Mauritius Wildlife Fund.

2.9.2. Fish

The fisheries statistics currently available
for St. Brandon are insufficient to monitor
the health of the fish populations, identify
any overfishing and actively manage the
stocks. Regular visits by fisheries personnel
would be required to do more specialised
research while training fishermen to fill out
data sheets on more basic parameters.

An important issue regarding fisheries
management is the extent to which the
various species move within the St.
Brandon area and possibly between St.
Brandon and the Banks. It is recommend-
ed to set up a tag and recapture pro-
gramme. Such a programme would require
the tagging of thousands of fish and be a
major research endeavour.
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2.10. Restoration
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2.11. Research —Ciguatera

robably the most important action

which can be taken to restore the
islands to a pristine state is the eradication
of introduced animals, of which rats are by
far the most detrimental to the bird popula-
tion. The team was able to confirm the pres-
ence of rats on Raphael, Poulailler, Puits a
Eau and Fregate. The Mauritius Wildlife
Foundation (MWF) has successfully eradi-
cated rats from the 25 hectare Ile Aux
Aigrettes. Rat control is part of the MWF
programme for Mauritius and therefore it is
recommended that assis-

At present the larger individuals of some
fourteen species of fish are considered toxic
and cannot be sold. This alleged toxicity is
know as ciguatera and occurs when larger
predators feed on smaller fish which in turn
have grazed on algae on whose surface lives
a toxic micro-organism. However, there does
not seem to be conclusive evidence of the
occurrence of ciguatera in St. Brandon or the
Banks and therefore a study of this phenom-
enon is urgently needed. A possible conclu-
sion that there is no ciguatera in St. Brandon
or on the Banks, or an effi-

tance be sought from MWF

cient screening system, would

for a rat eradication cam-
paign for St. Brandon, start-
ing with the above islands.
The first three should be
tackled together, as they are
connected to each other at
low tide. Cats seem less of a
problem, probably due to the
lack of fresh water which
keeps their population low.

Probably the most
important action
which can be taken to
restore the islands to a
pristine state is the
eradication of intro-
duced animals, of
which rats are by far
the most detrimental
to the bird population.

both have very important
consequences for fisheries
management, saving for the
market large numbers of
potentially very valuable fish
which are now discarded.

It is therefore recommend-

ed that a ciguatera study
begin as soon as possible.
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Management Plan for St. Brandon

Oval-Spot Butterfly Fish

. Concl sio s

fish population in St.
Brandon is an indication

t. Brandon offers a unique that the present main

opportunity for Mauritius to operator in the area has
pioneer an innovative approach excercised adequate
to fisheries management and the stewardship over the fish
conservation of a rare and large- stocks. Good stewardship
ly intact marine and terrestrial is also sorely needed over
ecosystem. If the present man- the terrestrial resources
agement plan is accepted and of St. Brandon however.
implemented, Mauritius will Both should, for practical
have the first Marine Protected reasons, be managed by
Area in the Western Indian the same entity which
Ocean based on the model of the exploits the fisheries
Great Barrier Reef Marine Park. resources in the area.

Green Turtle

The lease system which was established
long ago forms an excellent
basis and should be extended
from the land to the St.
Brandon Sea. This lease
should be long term, prefer-
ably renewable every 20 years.
The Government should
retain the right to revoke the
lease in case of non compli-
ance with the management
plan. This should be estab-
lished on the basis of the mon-
itoring guidelines provided in
the plan. The health of the

Sooty Terns, Albatross Island
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2 TECHNICAL REPORT

2.1 Introduction

The list of human activities which have the ability to adversely affect coral reef ecosystems
is a long one. Activities such as dredging, mining, collecting, fishing, sewage and chemical
pollution, ship groundings and oil spills are just a few of those activities with well-documented
detrimental effects on marine communities. Measures are being taken globally to reduce and
contain some of the impacts of these activities (Ginsberg et al., 1993), with some success
where human population pressures are not too high. One of the most powerful tools
available for managing the impacts of human activities on marine ecosystems is the use of
marine protected areas (MPAs). MPAs provide an area-based system for the management of
ecosystems. Other management techniques such as seasonal closures to activities, limits on
inputs of pollutants etc. may focus on the welfare of single species or indicators of
environmental condition while ignoring the status of the ecosystem as a whole.

Marine protected areas may consist of either a single marine reserved area set within a larger
unrestricted area (e.g. Leigh Marine Reserve in New Zealand), or as a multiple-use zoning
plan designed to cover an entire region (e.g. Great Barrier Reef Marine Park (Craik 1993),
Florida Keys National Marine Sanctuary (NOAA, 1995)). Both systems may be used in
conjunction with non-area based management strategies for management (e.g. fishing catch
limits, limits to development).

Overfishing is considered one of the three most significant threats to coral reef ecosystems
(Roberts, 1995b). At high intensities, fishing results in major direct and indirect effects on
the community structure of fishes and other organisms by reducing diversity and leading to
local extinctions, not only of the species targeted, but also those species not fished directly
(see examples by Watson & Ormond 1994). In addition, the loss of key species (keystones)
through fishing can lead to major effects on reef processes. Overfishing has also been shown
to interact with other agents of disturbance to reduce the ability of reefs to recover from
natural disturbances such as cyclones (Roberts, 1995b).

Marine Parks, where fishing is excluded, have been cited as being an effective means for
managing complex reef fisheries and protecting populations of species vulnerable to
overfishing (Roberts, 1995a). The benefits include:
e local improvement of fish densities, biomass and reproductive output in reserves (Alcala &
Russ, 1990; Roberts & Polunin, 1991; Dugan & Davis, 1993; Rowley, 1994);
insurance against local extinctions of fished organisms (Roberts 1995b);
e spill-over of individuals across reserve borders augments local catches (Rowley, 1994);
e the provision of a source of recruitment of juvenile fishes (larval export) into adjacent
fished areas (Dugan & Davis, 1993; Man et al 1995);
e recovery of community structure (Jones et al., 1993).
These benefits allow for the conservation and sistainable exploitation of fisheries. They alko
lead to protection of the biodiversity and the functioning of ecosystemsby reducing the risk of
losing keystone species such as parrotfishes which contribute to bioerosion and sand production.

The economic benefits of MPAs include job creation through the harvest of renewable
resources (including spin-off effects noted above), and through their use for non-consumptive
activities such as tourism and recreation (Dixon, 1993). Although some benefits are difficult
to express in monetary terms, examples include the economic value of biological resources
and environmental services such as wave-buffering by healthy reefs.



Mauritius relies heavily on its Banks Fisheries which provides more than 60% of the marine
catch of the country as frozen, fresh and salted finfish, octopus and crayfish. Fish production
does not satisfy the internal demand so it is necessary to import fish and exports of fish are
controlled. These banks include Saya de Malha and Nazareth Banks and the St Brandon and
Chagos Archipelagos. The banks have been sporadically exploited since the 18th Century
with salt fish being produced from Chagos, Agalega and St Brandon. Frozen fish have been
produced since 1960-62 around which time the annual catch from the fishery became
‘substantial’ (MRAG, 1996). In the period 1977 to 1980 the number of vessels fell from 8
to 3 and catches fell from 3,835 to 1,686 tonnes per annum. In 1982 steps were taken to
boost the fishery, including deregulating the price of fish, reducing harbour dues, removing
duty of fishing gears, equipment and spare parts, waiving import duty on vessels acquired by
Mauritian companies and providing better port facilities (MRAG, 1996). In 1995, the fleet
had grown to 17 vessels, although not all are active at any one time.

2.1.1 Location and physical setting

The St Brandon Group of Islands (Cargados Carajos), situated approximately 215nm north of
Mauritius at 16°23°S, 59°27’E, is comprised of a north-south orientated coral reef and lagoon
system with more than 55 sand cays and vegetated islands. The reef-island system is
approximately 30nm long and a maximum of 12nm wide. The area supports a line and trap-
based fishery and provides breeding grounds for turtles and birds. The archipelago also
supports several valuable fishery stocks and a diversity of marine fauna and flora.

2.1.2 Climate and oceanic influences

St Brandon is subject to a northwest monsoon season (mid November to mid March) and
south east trade winds (May to October). The monsoon season may bring with it tropical
cyclones, 12 of which have affected St Brandon since 1948 (Table 1). The maximum and
minimum average monthly air temperatures are 30.5° and 21°C respectively and sea
temperatures range between 24.1° and 28.3°C.

The oceanography of the Mauritius area is poorly described and understood. Some available
information characterises the area with low primary productivity of 0.15mg of carbon fixed
per m” per day (Ardill, 1979 in MRAG, 1996). This means that except in areas of upwelling,
large fishery populations are not to be expected.

Table 1: History of cyclonic events which have affected the St Brandon Archipelago since 1948.

Date Max wind Name

January 1948 201

January 1949

April 1958 201

January 1960 201 Alix

February 1960 >257 Carol

December 1962 161 Cecile

January 1963 169 Delia

February 1963 138 Fanny

January 1977 169 Clarence

March 1994 249 Litanne

April 1994 QOdille
1996 150 Itelle




2.1.3 History of human activities, including fishing

The St Brandon Archipelago and surrounding ocean area has been commercially fished since
at least 1937 with an average of between 350 and 650 tonnes being harvested per year
between 1937 and 1984 (Venkatsami, 1997). In more recent years, total catches by all
vessels and fisheries in the archipelago have varied between 1231 (1993) and 518 (1994)
tonnes per year. The fishery is essentially a multispecies tropical shallow water demersal
(bottom-associated) fishery. The main finfish collected are emperors, parrotfishes,
rabbitfishes, slate bream, baitfish, and groupers, though other groups may also be fished.
Crayfish and octopus are also important resources.

Three major groups of fishers are currently exploiting St Brandon:
(i) The Raphael Fishing Company (operating since 1937)

(i) The Banks Fishery (operating at St Brandon since 1993)

(i) The Chill Fishery (operating at St Brandon since 1995).

Fishing occurs between approximately 4 and 35m in the lagoon, the St Brandon Sea and the
ocean between Albatross Island in the north and the archipelago itself. Hand lines are
primarily used in the summer months, with basket traps predominating during the winter. No
netting, trawling, blastfishing or other fishing techniques are being used in the area (though
some netting appears to have occurred in the past). According to a Fisheries Report
(Venkatsami, 1997) there are no signs of overfishing of the St Brandon area with no marked
decrease in the catch rate or increase in the number of smaller fish. This evidence is,
however, anecdotal only, since length frequency data from St Brandon are not available. The
suggested fishing potential for St Brandon is 680 tonnes per year based on the historical
catches and the apparent lack of depletion of the sizes of the fish (Venkatsami, 1997).

The species exploited include Lethrinids, Serranids, Scarids and Carangiids with a very high
proportion of the catch being Lethrinus mahsena (Dame berri) at 84% (Venkatasami, 1997).
The remaining reported catch composition is Capitaine, Vieille, Cordonniers, Cateaux,
Mullets, Caranx and others (Table 1).

Table 2: Catch composition of fishes at St Brandon

Species MRAG, 1996 Venkatasami, De Chazal du
1997 Mee, 1992

Lethrinus mahsena Dame berri 82-88% 84% 165%
Other Lethrinids (mainly L. nebulosus) Capitaine 2% 2%
Serranids (Plectropomus, Barbonne 1-2% 4%
Epinephelus) Vieille Saint

Sillac
Carangids Carangue 0-4% 4%
Siganus sutor Cordonnier 2-3% 2.5% 20%
Scarids (mainly S. ghobban) Cateaux 4% 4%
Mugilids Mullet 1% 1%
Acanthurids (mainly Naso) Licorne 1% 1%
Cephalopholis  sonnerati Vieille 1.5%
Others 3-6% 1%
? Cato 10%



Figure 1: Summary of total finfish catch per year (tonnes) of commercially exploited fishes at St Brandon. Data are
from Ministry of Fisheries Report and Venkatsami, 1997. Arrows indicate years with cyclones.
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Raphael Fishing Co.

Although having its beginnings earlier in the century, the Raphael Fishing Company was
officially formed on the 27th June 1927 under the direction of Louis Couacaud (Jr). At that
time, fishing occurred at Nazareth Bank and St Brandon and included deep sea fishes, turtles
and other seafoods. Handlines were used and trawling was unsuccessfully attempted in 1931.
In the winter season (April-Sept) fish traps and nets were used. Guano was supplied from St
Brandon (Albatross, Fregate, Pearle and Sirene) as fertiliser for the sugar industry during the
WWIIL A permanent lease signed 11/10/1901 between the colonial Government and the St
Brandon Fish and Manure Co Ltd for 13 islands. This was transferred to Raphael Fishing Co.
in 1928. The lease includes Baleine, Coco, Petite Fous, Avocaire, Ile aux Fous, Ile du
Government, Grande Mapou, Petite Mapou, Raphael, Verronge, Ile aux Bois, Ile du Sud and
Balene rocks (De Chazal du Mee, 1992) with all products being shipped to Mauritius. A new
lease made between the Outer Islands Development Corporation (OIDC) and the Mauritius
Fishing Development Co. added the lease of 15 islands. These were Albatross, North, Sirene,
Pearle, Fregate, Sandy Cays, Puits a Eau, Tortues, Paul, Capitaine, Grande Dagome, Petite
Dagome, Poulailler, Longue and Courson.

Most of the fishing at St Brandon has traditionally been carried out by the Raphael Fishing
Company which has self regulated its catch to a long term average of approximately 600
tonnes per year (the long term catch average has actually been below this limit at 534 tonnes
calculated between 1937 and 1995, excluding 1975-1976 for which no data are available).
There is reference in De Chazal du Mee (1992) that the self-imposed limit is used to avoid
overfishing and compromising stocks as far away as Nazareth and Saya de Malha Banks. The
yearly catch has been varied by the company in response to ‘poor’ years (after cyclones) and
‘good’ years (without cyclones). No specific controls have been legislated for St Brandon or
imposed by the Ministry of Fisheries, and any fishers may use the area within the 12 nm
territorial waters. The products are salted fish, frozen fish, octopus, and lobster.

Banks Fishery

These are large fishing vessels, such as Talbot, Sea Falcon and IKS who are mainly targeting
fishing on Nazareth and Saya de Malha Banks. These vessels stop in the region of Albatross
Island or the St Brandon Sea for a total of up to 6 days per fishing journey on their way north
to the banks fishing grounds and on their return journey to Mauritius. Fishing is carried out
by handlines from dories and using basket traps and varies between 284 and 780 tonnes per
year, an unspecified amount of which has been derived from within the St Brandon area.

Chill Fishery

This is a relatively new fishery which has developed over the past 3-4 years meeting some of
the demand for fresh fish on the local market. Up to 10 medium sized boats are engaged in
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this fishery which centres on the northern and Sudan Banks at depths of 200-30w.

snappers are taken (gueule pavee doree, sacre chien). Only one of these vessels, La Derive,
currently has the range to fish at St Brandon, though other operators are planning to expand
to the area if the demand on the local market is favourable.

2.1.4 Existing information on the status of the St Brandon area

Birds

The sooty tem or Ye-ye (Sterna fuscata) is breeding in very large numbers at St Brandon
with hundreds of thousands of birds , particularly on Sirene, Poulailler, Puits a Eaux and
Albatross (Newlands, 1975). The birds are present on the islands in highest numbers during
the cool season with an estimated population of 80,000 birds on Sirene, 40,000 on Poulailler
(where the colony was hunted) and 5,000 on Puits a Eaux. The surface of Sirene is not
considered optimal for sooty terns due to guano diggings, but the birds have apparently
retreated from the more suitable islands of Puits a Eaux and Poulailler because of the effects
of introduced pests (rats Rattus) and over-exploitation by humans (Newlands, 1975).

The Common and Lesser Noddies (4nous stolidus and A. tenuirostris) are widespread at St
Brandon. The Common Noddy (Cordonnier) nests on the ground in small groups on many
islets, often those unused by other birds. The Lesser Noddy of Marianne builds its nests in
Arguisia (was called Tournefortia) or Casuarina and is especially abundant on Sirene, though
absent from Puits a Eaux and Poulailler, despite the presence of suitable sites for nesting.
Rats are thought to have been the cause (Newlands, 1975).

Fairy terns or Goelette blanche (Gygis alba) is present on many islands, with 29 pairs on
Raphael Island.

Frigate birds (Fregata ariel and F. minor) are thought to peak in their breeding activities
during the cooler season (Newlands, 1975). In 1968, Staub (in Newlands, 1975) estimated
that 2,000 birds were breeding on St Brandon.

Other birds seen around the islets in 1975 by Newlands included wedge-tailed shearwaters or
Fouquet (Puffinus pacificus), the Roseate Tern (Sterna dougallii) and the masked booby
(Sula dactylatra). At least 7 other species of petrels, plovers, tumstones, whimbrel and
Greenshank (Macronectus giganteus, Charadrinus leschenaultii or C. mongolus, Squatorola

scuatorola, Arenaria interpres, Numenius phaeopus, Tringa nebularia) were reported by
Newlands (1975).

Turtles

Green (Chelonia mydas) and hawksbill (Eretmochelys imbricata) turtles are present at St
Brandon with a ‘catastrophic’ decline in Green turtles being reported by Newlands (1975) due
to overexploitation.

The coral reef fauna in 1975 was thought to still be largely unaffected by human activities,
except where direct pollution on Raphael has had an effect over a limited area.

Ciguatera Fish Poisoning

Ciguatera is a type of poisoning in humans known for over 400 years caused by the
consumption of toxic fishes caught in tropical regions. Poisoning results when a population
explosion of toxin-producing microscopic marine algae (dinoflagellates, particularly
Gambierdiscus toxicus) occurs on coral reef areas. These single-celled microalgae (approx
0.07 mm in diameter) usually live on the surfaces of large, visible marine algae (the "hosts")
at low densities (often less than 1000 cells per 100 g of host). During an "outbreak" of
ciguatera the cells can attain densities of up to 5,500,000 cells per 100 g of host alga
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(Yasumoto et al, 1984). If the microalgae are producing toxins, herbivorous fishes
consuming them whilst feeding on the host algae, will absorb and concentrate the toxins in
their flesh (eg. surgeonfishes). Fish-eating fishes can concentrate the toxins even further by
eating the herbivorous fishes (eg. squirrelfish, barracuda, groupers, snappers and sharks) and
can therefore become much more toxic to humans.

The ecological causes and consequences of outbreaks are still largely unknown. It has been
suggested by some workers that outbreaks result when reef areas are damaged by human
activities (eg. Randall 1958, Cooper 1964, Banner 1976, Tebano and McCarthy 1986, Riedel
and Byme 1990) but conclusive evidence for this suggestion is lacking. We failed to find a
close association between G. toxicus populations and disturbances such as boat channels,
except where there are major traversing channels such as the one at Nanumea (Kaly & Jones,
1990a,c; Kaly et al. 1991, Kaly & Jones, in press). There are many examples of outbreaks
of ciguatera which do not accompany any identifiable human impacts. However, the
negative effects of outbreaks are sufficiently severe, that ciguatera should be closely
monitored during any development which modifies the coastline.

Appropriate information for assessing the current condition of the archipelago and its
resources is lacking. Although the above discussion indicates that some work has been done,
the information required for management is much greater. This expedition to the St Brandon
Archipelago was conducted between 14 and 24th May 1997 and was designed to collect the
information required to propose a plan of management for the area.

2.2 Aims

1. To identify and describe the environments, habitats and species associations found at St
Brandon
To provide an environmental impact and condition assessment of St Brandon
. To provide a preliminary assessment of the condition of the fishery resources and identify
possible additional resources
4. To provide management recommendations for the entire St Brandon area including
environmental, fisheries and future activities

w N

2.3 Methods
2.3.1 General methods

Assessments of the condition of the environment and resources were made using both
qualitative and quantitative methods.

Sixteen of the islands (the largest and most important ones, usually vegetated) were inspected
by Jacques Brown and Vincent Florens, with several of these also being examined by the rest
of the team. Rough estimates of bird and turtle usage were made by eye on each island, with a
small amount of quantitative description of the vegetation being made on several islands.

The marine environments and resources were assessed by site inspections, data collected from
basket traps and line catches of commercially important fishes, and by underwater visual
census (UVC) of corals, algae, other invertebrates and fishes.

2.3.2 Habitats examined

The archipelago was divided into five regions from north to south (Figure 2). Within each of
these, the habitat types and assemblages of flora and fauna were identified and characterised
for both marine and terrestrial systems. The north to south regions were:
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(1) Far north - encompassing Albatross and North Islands;

(2) North - the region around Raphael Island and Raphael and Turtle Lagoons;

(3) Mid north - the area around and just to the south of Avocaire and PaulIslands;
(4) Mid south - around Cocos and Chaloupe islands; and

(5) South - near Sud and Capitaine islands.

These were examined to provide a preliminary characterisation of the entire archipelago
system and to identify any north-south trends in the formation of habitats and availability of
resources. Within each region, an attempt was made to examine all the main habitats
developed across the archipelago.

?lfv% Surveys of Fishes, corals and algae - Underwater Visual Census
)

The density of fishes and other organisms such as sea cucumbers and the percentage cover by
corals and algae were estimated using five replicate transect or timed counts carried out by
divers at each site. Fishes and sea cucumbers were censused visually in 30 x 10m transects
within which were counted the numbers of surgeonfishes, butterflyfishes and wrasses in
addition to the fishes of commercial importance. The larger, more mobile and commercially
important fishes such as emperors, parrotfishes and groupers were specifically surveyed using
5 minute timed counts in which a diver swims at a constant speed recording all fishes in a
10m sweep. The average area covered in timed counts was 700m’. Percent cover by corals
and algae were estimated using a point intercept method. The species present under each of
100 points marked on to and spaced over a 30m transect tape laid out across the sea floor
was recorded. Percent cover by each category of coral/alga/sediment type was calculated
using the proportion of points allocated in each. Data from these surveys were examined
graphically.

2.3.4 Ciguatera

The presence of Gambierdiscus toxicus which could potentially cause an outbreak of
ciguatera and other toxic dinoflagellates at St Brandon were examined using a modification of
the method of Kaly et al, (1991). This is a simple washing procedure to separate
dinoflagellates from their host macroalga. It has been used successfully in other field studies,
with minor modifications, by other workers (Yasumoto et al, 1980; McCarthy and Tebano,
1984; Tebano, 1984,1992; Kaly & Jones 1996). Several replicate samples of macroalgae
(close to 100g each) were collected. The samples were of Gracilaria, Hypnea or mixed turf
and were placed in sample jars and shaken to dislodge the epiphytic dinoflagellates before
sufficient concentrated formaldehyde was added to preserve them in an approximately 5%
solution. In the laboratory, samples of the host algae were then wet-weighed and placed in a
plastic container to which filtered seawater was added. The contents of the container were
then shaken vigorously for 2 minutes (~250 shakes) before being sieved at 180 and 38
microns. The residue on the 38 micron sieve was washed into a 25 ml vial to which
additional concentrated formalin was added for storage. Subsamples were then examined
microscopically in the Albion Fisheries Research Centre to determine whether the organisms
responsible for ciguatera were present.

2.4 Ecological definition of the St Brandon Area

The St Brandon Archipelago is defined here to include all islands, reef areas, lagoons and
shallow sea areas from 16°51°S (approximately 2.25 miles south of Sud Island) to a point one
mile north of the reef which surrounds Albatross Island. In an east-west direction it extends
one nautical mile out from the eastern reef crest to an envelope in the west one mile out
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from the line defined by the islands of Sirene, Pearle and Fregate, and Baleine rocks (Figure
2). The archipelago covers and area of approximately 1,098 km?

The archipelago has been defined on the basis of the habitats present and the ecological
relationships known to exist between the habitats in a coral reef system. The areas included
in the archipelago vary between 4m above sea level and do not exceed 40m in depth. They
represent the island and seafloor areas likely to be within the home range of birds and fishes
of the archipelago - a condition vital for effective area-based management. The large bird
colonies on Albatross, Nord, Puits a Eau, Poulailler and Sirene are thought to cycle between
these islands. Some of the commercially important fishes, such as Lethrinus nebulosus
(Capitaine) and L. mahsena (Dame berri) appear to recruit in the shallow waters of the
southern lagoon of the archipelago (South Lagoon) and are likely to move between the St
Brandon Sea area (at least as far as Albatross Island in the north) and the three lagoons
throughout their life cycle. There is even a suggestion from FAO that these fishes may
migrate further north towards the Nazareth and Saya de Malha Banks. Unfortunately to date,
this suggestion has not be verified by tag and recapture studies.

2.5 Description of the environments, flora and fauna of St Brandon

2.5.1 The habitats

The St Brandon Archipelago is a complex of many habitat types, each with its characteristic
assemblage of flora and fauna. For the purposes of this assessment, we have divided the
terrestrial habitats into two main types, vegetated islands and sand cays, and the marine
habitats into 10 main types (Figure 3).

Terrestrial environments:
1. Vegetated islands - e.g Raphael, Cocos, Paul;
2. Sand cays - e.g. Chaloupe.

Marine environments:

1. Reef slope - depth of 10m+ located on eastern side of lagoons and around the outer islands
(e.g. Albatross, Nord, Fregate, Pearle);

2. Reef terrace - depth of 3-10m located on the eastern side of the lagoons and around the
outer islands;

3. Spur and groove - depth of 0-3m rocky reef margin on the eastern side of the lagoons and
around the outer islands;

4. Reef crest - often tidal and located in the east of the lagoons and around many islands and
lagoonal patch reefs;

5. Back reef - to depth of Im located behind reef crests on the eastern side of the main
lagoons and around many of the islands and lagoonal patch reefs;

6. Ocean to lagoon passes - cut through from the terrace to the lagoon without the presence
of a spur-and-groove, crest or back reef;

7. Lagoon floor - up to 7m depth as three main lagoons of the archipelago, plus other small
encircling lagoons around islands such as Nord,;

8. Lagoonal patch reefs or microatolls - 1-3m depth, secondarily formed coral, algal and
sponge reefs located in the shallow waters of the main lagoons;

9. Western reef crest and wall - similar in structure to the eastern reef crest and spur and
groove zone, but less well-developed because they are located in a
plankton/nutrient/recruitment shadow formed because the prevailing ocean currents arrive
at the archipelago from the east;

10.St Brandon Sea - 4-40m depth is defined as the shallow sea area bound by the major
lagoons and western reef margin in the east and south, and by the islands of Albatross,
Nord, Sirene, Pearle and Fregate, and Baleine rocks in the north and west;

11.Sea patch reefs - similar to lagoonal patch reefs, but located in the deeper, more turbid
waters of the St Brandon Sea (Figure 3).
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A description of these habitats is provided in Sections 2.5.1 and 2.5.2 below.

Figure 2: Diagrammatic representation of the main habitat types observed at St Brandon Archipelago.
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2.5.2 Description of the islands
General descriptionlof the island ecosystems

Over the years of human colonisation, forty-one species of plants and trees are reported to
have been introduced to St Brandon (De Chazal du Mee, 1992).  The islands are known to
support large numbers of seabirds, eight species of which are known to breed on them. Ile de
Nord has been reported to support up to 200 pairs of masked or blue-faced boobies and
wedgetailed shearwaters, or muttonbirds living in holes in the island’s subsoils (De Chazal du
Mee, 1992). Roseate terns were also reported to breed on sand and shingle banks in October-
November.

The native vegetation of the islands is still in place. The association of Arguisia and
Scaevola is found on all of the islands, almost always together. Sometimes, one or the other
is dominant. Less often they are found in larger pure stands of one species or the other.
Scaevola is often found as impenetrable thickets on the downwind side of some of the islands.
The Arguisia / Scaevola association often thins out on the windward side where it is replaced
in some places by Suriana and/or Pemphis. Suriana is more widespread, being found on
almost every island, while Pemphis is found on lagoon islands (e.g. Cocos, Paul, Avocaire,
Courson, Pouileiller, Puits a Eau). Between the bushy plants herb-mat species are found, such
as Boerhavia, Dactyloctenium and Mukia. A semi-parasitic creeper, Cassytha, can be
encountered on most species of vegetation. The herb mat species is found either in between
the bushes where they are scattered, or in the grasslands in the centre of many of the islands
used by birds as nesting grounds. The clearings appear to be formed by the action of the birds
themselves: burning by guano, and patting down during the nesting season. This kills bushes,
but grasses and herbs are able to spring up again in intervening periods when nesting is not
occurring. This pattern is seen primarily on the outer St Brandon Sea islands and on North
and Albatross islands, often associated with very large colonies of Sooty Terns. Two of the
islands (Sud, Courson) have been affected by fire, resulting in a greater than expected
dominance of herb mat species on these islands even without the action of sooty tems.
There is no obvious pattern of succession on these islands, rather all of the native plants are
pioneers, and will be found colonising sand banks and areas subjected to storm damage on
established islands according to chance of arrival. There are a large number of non-native
plants on the islands either as weeds or planted on the inhabited islands. These include
coconuts and casuarinas. These have not spread significantly to the uninhabited islands or
even to the undisturbed portions of the inhabited islands.
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St Brandon is one of the important tropical seabird areas of the world, supporting breeding
populations of more than 8 species and totalling many hundreds of thousands of birds
(Newlands, 1975). There are healthy populations of birds over the archipelago, with Sooty
terns (Sterna fuscata, Ye-Ye) dominant in the north and two noddies (Lesser Noddy- Anous
tenuirostris-Marianne, Common Noddy - Anous stolidus - Macoua) in the south together with
fairy terns (Gygis alba - Zozo la vierge). Three species of birds are in low numbers and are
vulnerable to local extinction, these are: Boobies (Sula dactylatra melanops - Fou), Frigate
birds (Lesser Frigate Bird, Fregata ariel and Greater Frigate Bird F. minor - Fregate) roseate
tern (Sterna dougallii - Marten pecheur). The two larger species are vulnerable because of
their size, low numbers, long chick rearing times and favoured for food by passing mariners.
The roseate tern is also in low numbers and nests among beach pebbles close to the water.
Chicks are easily disturbed by people walking past, tending to run into the water and drown.
Eggs of this species are also easily collected for human food. There was evidence of bird
harvesting on Albatross, Poulailler, Courson and North islands. On Poulailler there were
found the remains of 2 boobies, 37 sooty terns and S frigate birds thrown onto the beach by
humans. On North island 2 juvenile boobies were found with broken wings, probably beaten
with sticks and now permanently unable to fly. In Courson, the island supporting a small
frigate colony was burned with evidence of bumed eggs and chicks being found, a camp fire
and the dislocation of the adult colony between Nov 1996 and May 1997. On South Island,
two noddy terns were found with broken wings, suggesting human harvesting on a small scale.
On Fregate and Pearle Islands the bird colonies have been permanently displaced initially by
guano diggings and later by heavy rat infestations. Sooty terns, in spite of their vast numbers
are also under pressure. They occupy the four northern-most islands, Albatross, North, Puits
a Eau, Poulailler, and they seem to stagger their laying which occurs all year round from one
island to another. This separates the nursery stages of eggs, small and larger chicks which
might interfere with one another if all together. At Poulailler and North, only large chicks
were found, while at Puits a Eau they were just beginning to lay eggs in large numbers. This
shifting may be of benefit under storms, parasite cycles (including ticks), and predators (rats
and humans). At Poulailler the terns leave in November and rats can be seen in January dying
of hunger. Further information on birds and vegetation of St Brandon may be found in Staub
and Gueho (1968). Two species, the brown booby and the wedge-tailed shearwater may
already have been lost from the St Brandon islands (this study and Newlands, 1975). Only a
single specimen of the red-footed booby (Sula sula ribripes) was found during this survey.

The main turtle nesting areas are found on islands which define the St Brandon Sea (Fregate,
Pearle, Sirene, Puits a Eau) and North and Albatross islands and the southern lagoon islands
from CocoS to Sud. Turtles require vegetated islands with a relatively steep sloping beach,
nesting on the leeward side topped with several metres of vegetation. The beach is usually
composed of fine sand, well packed on the top of the dune, with little rubble. They do not
nest on smaller sand banks with little or no vegetation. The total number of nesting females
arriving on St Brandon per year appears to be in the order of 1,000, a much larger figure than
that cited by Swinerton et al 1996. However, there is some concern that the long term
condition of the turtle population on St Brandon is in question, given the extremely long 35
year lag period between hatching and first nesting. The apparently healthy numbers seen
now reflects the conditions for recruitment from 35 years ago, conditions which may have
deteriorated in today’s conditions. The hatchlings tend to come out at night or during the
day after rain. The natural predators of the hatchlings include crabs, frigate birds, small
sharks and groupers. Humans take adults for food and may take hatchlings for rearing. Eggs
may also be exhumed for human food. Approximately 11 turtles are taken for human food
from the waters around Raphael Island in the north and 4 from around South Island per year.
These are males, taken in the water during mating. A report of a much higher take at South
Island (Swinnerton et al, 1996) of two per week appears to be exaggerated. There is likely to
have been some additional poaching by fishermen living on islands such as Coco, which has
since been closed. Hunting from passing ships as documented by Swinnerton et al (1996) may
be a more significant source of mortality of turtles.
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Detailed descriptions of the islands
Island groupings

The St Brandon islands may be divided into four groupings which characterise their location
in the archipelago, and the floral and faunal assemblages found on them. The groupings are:

Group 1 - the “Guano Islands”: Albatross, Nord, Sirene, Pearle, Fregate

These are islands which define the St Brandon Sea, have significant guano deposits and a
high usage by nesting turtles. Some of these islands have large sooty tern colonies, and
those without sooty terns are probably missing the birds due to guano diggings and the
effect of rats.

Group 2 - the “Sooty Tern Islands”: Puits a Eau, Poulailler

Islands dominated by the presence of very large sooty tern colonies.

Group 3 - the “Islands of Human Habitation”: Raphael, Avocaire, Cocos, Sud

These islands have been modified by human habitation and fish processing and all have a
large presence of non-native species including trees such as Casuarinas and coconuts and
rats, mice, geckos and chickens. Raphael and Sud are currently inhabited and Avocaire is
inhabited some of the time by fishermen. Cocos is not inhabited at present.

Group 4 - the “Small Islands & Sand Banks”: Longue, Petite and Grande
Dagorne, Capitaine and many others

The islands in this group are often small and may be vegetated or unvegetated (i.e. exist
only as sand banks) and are located in the lagoons or in the inner St Brandon Sea. Those
with steep beaches topped by vegetation may also be heavily used by turtles.

Island by island descriptions
Group 1 - the “Guano Islands”: Albatross, Nord, Sirene, Pearle, Fregate

Albatross

This is the largest of the St Brandon Islands, measuring almost a kilometre across and is
almost circular in shape. A small part of the island on the northern side has been used for
human habitation and has been planted primarily with Casuarina trees, though Terminalia, a
single coconut tree and cotton are also present. Several buildings are located on the NE of
the island near the main landing area. The area to the east is dominated by a thicket of
Suriana. On the eastern side of the island was found a series of storm ridges (around 9 of
them) composed of coarse coral rubble and rocks which in the oldest, inland areas is being
colonised by native shrubs. The centre of the island is characterised by herb-mat vegetation
which includes Ipomoea tuba. The ground slopes towards the centre of the island where
there is a small brackish pond. Albatross supports a large colony of nesting birds including
sooty terns (50,000+), fairy terns (200+) and both common and lesser noddies (1,000 each).
Turnstones are also present (20+). The terns and noddies were breeding with eggs and chicks
at all stages of development present. This is the only island on which the sooty terns had
several separated nurseries with several stages of development present on the same island.
Previous reports have suggested that chickens, rabbits and rats live on the island, but only
mice were found during this survey. A single species of gecko, Hemidactylus frenatus, was
found around and inside the abandoned houses. Turtles have been using this island in the past
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month, with 16 tracks counted. These were not as fresh as the tracks found on Nord, but
there was extensive pitting of the leeward beach tops. This island is very similar in structure
to Nord Island.

Human impacts on the island were visible. The island has been partly worked for guano,
affecting the vegetation assemblage and the structure of the ground surface in the interior of
the island. The herb mat vegetation .in the interior has scattered Arguisia and Scaevola
bushes through it, a feature thought to be associated with the disturbance caused by the guano
diggings. Buildings in various stages of ruin with associated rubbish, such as iron sheeting are
present, and a non-functioning gas light beacon. There is evidence of poaching of birds and
turtles with killed birds found around two BBQ areas and a fish sorting basin full of bird heads
and feathers. Turtle remains were also found around the buildings.

Nord

Nord Island is composed of coral boulders with coral rubble accreting on the windward side and
sand accumulating on the leeward side. There is an extensive formation of beach rock on the
eastern margin. As with all of the “Guano Islands” the centre of the island has been capped
with guano and occasional overwashes with rubble during big storms. This is the only guano-
containing island which has not been mined because of difficulty of access. A small lagoon is
developed on the NE of the island which is divided from the main lagoon on the east by a
sand spit. The main beach is white sand with a reef crest and spur and groove zone developed
around much of the island. There is an Arguisia and Scaevola association around the rim of
the island which thins out on the windward side and encloses a large flat central herb mat area
in the centre (an association of Mukia, Boerhavia, Dactyloctenium, and Achyrantes). On the
south-east windward side of the island, many of the Arguisia / Scaevola were found dead or
damaged with little evidence of recruitment or recovery. There is a hollow, approximately
2m deep in the northern centre of the island which has a sandy bottom and no free water.
Nord Island supports a large colony of breeding birds. The northern end of the island the
Arguisia | Scaevola assemblage supports a colony of up to 500 Lesser Frigate birds which at
the time of the site visit were sitting on eggs on the Arguisia shrubs. Only a few small chicks
were observed. Approximately 200 Bluefaced boobies were found in two nurseries with no
eggs, but a few large chicks. Two of the chicks observed had broken wings which may have
resulted from human predation. A large colony of sooty terns with half-grown chicks was
present (up to 10,000 individuals). Many of the subadults of this species were found
aggregating on the beaches. Approximately 1,000 fairy terns and 1,000 Lesser noddies each
with chicks were also observed. The island is likely to be one of the more important turtle
nesting grounds, with 66 fresh tracks being recorded (approximately 1 month of traffic).
Turtle diggings were common in the Arguisia / Scaevola bushes in the top of the beaches.

Human impacts on the island were relatively few. There was some rubbish washed up on the
beaches (jetsam) and the ruins of an access ramp built in preparation for guano mining which
never eventuated. There is evidence that harvesting of boobies has occurred with the
presence of very few large chicks (larger numbers were expected from the size of the adult
colony present) and footpaths through the herb mat vegetation leading to the booby
nurseries were obvious.

Fregate

Fregate island is of a typical structure for outer St Brandon Sea islands. It has an outer ring of
Arguisia / Scaevola bushes, surrounding a central area dominated by herb mat vegetation
(including Ipomoea spp.) through which is scattered a few Arguisia and Scaevola. The
Arguisia / Scaevola ring thins out on the windward side of the island. At the eastern end of
the island is a 4m sand dune covered with a heavy stand of Scaevola. This island has been
heavily exploited for guano. The centre of the island has been cratered and lowered and is
covered in holes and coral debris and has been recolonised by sparse herb mat species such as
Dactyloctenium, Boerhavia, Achyrantes, Passiflora, and both species of Ipomoea (see species
list). The remains of foundations of one house and cistern and an old trolley rail and
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corrugated iron fragments may be found towards the northern end of the island. Guano
extraction stopped in the 1960’s due to a combination of supply exhaustion and the
development of chemical fertilisers. The top of the beach on the leeward side is heavily
pitted where turtles have been nesting with a total of 25 recent turtle tracks being counted
(i.e. tracks made over the past month). This is an important turtle breeding habitat, but no
birds were found breeding on the island. Only two migratory species of birds were observed -
one curlew and one tumstone.

The idand has been heavily impacted by humans during guano exploitation. This activity,
including bird predation may have lead to the loss of the tern colonies expected on an island of
this sructure. The pitting and exposure of coral rocksin the centre of the island could have
made this a permanent loss if birds prefer to nest in flat areas of herb mat vegetation. The
apparent loss of birds might then have also been reinforced by the presence of egg and chick
predators such as rats. The islandappears to periodically have a large population ofrats.

Pearle and Sirene

These two islands were examined only from a distance and appear to be very similar in
structure and impacts to Fregate. They are also guano islands which have been worked in a
similar way. Pearle has no birds, while Sirene appears to have recovered its bird populations
and has both noddy terns and fairy terns present and nesting. There are approximately 2,000
individuals of each of these three species. Both islands have been reported to have rats.
Sirene has been less pitted and damaged by guano works than Pearle Island and is a smaller
island. These two features may have lead to the partial recovery of bird colonies, particularly
because there is more chance of localised extinction of rats during hard times on the smaller
island, than on the larger islands of Pearle and Fregate.

Group 2 - the “Sooty Tern Islands”: Puits a Eau, Poulailler

Puits a Eau

This is the northern-most island in the St Brandon Lagoon system and is composed of coral
sand with some upraised beach rock on the northern end. Its name comes from a brackish
pond about 500m inland from the south east shore. Mangroves of the genus Rhizophora
have been planted in the pond and have grown into a stand. The pond (a 70 x 50m
depression) was dry but for some moist mud at its deepest point, at approximately mean sea
level. Two coconuts and several Casuarina trees have been planted around the pond. Much
of the island is covered by scattered, dry shrubby Arguisia / Scaevola vegetation interspersed
with an occasional, large and stunted Cordia subcordata (Bois blanc). The bird population of
Puits a Eau is large with an estimated population of up to 30,000 sooty terns which are
breeding in two nurseries. The nursery areas are covered with the typical herb mat vegetation
and have a typical wide hedge of Arguisia and Scaevola on the north west side of each
nursery. On the eastern windward side of the island, the usual Arguisia / Scaevola vegetation
is replaced mainly by Suriana with isolated Pemphis mangrove bushes on the tidal flats. The
sooty terns of the eastern colony on this island were nesting under the bushes on the

northern beach rather than on the herb mat plain. Both colonies were sitting on the first
eggs of that breeding cycle and no young were apparent. The western side of the island has a
fine sand beach with some turtle tracks. The northern beach has evidence of old turtle nests,
but no new tracks were apparent. The southern and eastern side of the island were bound by
tidal flats with Pemphis and there was no evidence of turtle activity. The island is infested
with rats.

Human impacts on this island are subtle. There are reports of predation by humans on turtles
and birds (Swinnerton et al, 1996), and island is not currently being heavily used by turtles.
Anecdotal evidence suggests that the use of the island by turtles was greater in the past
(Swinnerton, et al 1996). The only human structures found on the island were the foundation
of a shack and a cistern near the centre of the island. There are a few introduced plants such
as Casuarina, Cordia, Coconuts and Gynadropsis gynandra (Brede caya).
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Poulailler

Poulailler is a coral sand island with thick ring of Arguisia and Scaevola surrounding a central
herb mat clearing. On the leeward side the shrub ring is dominated by Scaevola with more
open Arguisia being found on the windward eastern side of the island. Two sand banks
appended to the island are colonised by shrubs. The north eastern bank is dominated by
Arguisia, while the bank in the south east has been colonised by patchily distributed Pemphis
and Suriana. A population of approximately 10,000 sooty terns exists on the island. The
birds are using the central herb mat area as a nursery and at the time of the site visit, the
cycle was at the stage of half grown chicks. Rats are present on the island.

Human impacts are few. Bird and turtle poaching are possible. There are few introduced
plants, though damage from introduced rats is likely to be significant. '

Paul

This low island appears to be stable and is composed of coral sand and fine rubble and is
probably partially submerged during cyclones. The northern point of the island is dominated
by a thicket of Pemphis and Suriana with almost pure stands of Pemphis in some areas.
Pemphis and Suriana, normally found on the windward side and tidal flats on other islands,
are found on the leeward side on this island where the tidal flats are also unusually located.
The rest of the island is surrounded by a wide belt of widely scattered Arguisia / Scaevola.
The centre of the island is vegetated by a grassy herb mat assemblage. Paul is an important
Frigate colony (similar to Nord Island) with about 300 birds nesting in the Pemphis / Suriana
thickets. There were eggs present on many of the Frigate bird nests. Common and Lesser
noddies and fairy tems, approximately 2,000 of each were present and nesting. Paul is a
major nesting island for fairy terns in the October-November season (pers. obs. J. Brown,
1996). Human impacts are few. Some rubbish has been washed up on the beaches. There was
an episode of poaching of frigate birds during October 1996.

Group 3 - the “Islands of Human Habitation”: Raphael, Avocaire, Cocos, Sud

Raphael

Raphael Island is the centre of human activity and habitation for the St Brandon Archipelago.
It isalso the island which has undergone the most modification dve to human activities. The
Mauritius Coast giard and Meteorological Service each have stations on the idand with 5 and 2
staff, respectively. The island is also the headquarters of the Raphael Fishing Co. which has
stationed 40 people on the island as a base for fishingand fish processingactivities. Since the
1994 cyclone, the island has been cleaned up and buildings repaired or replaced and plantings of
Casuarina and other species (Coconuts, Cordia, grasses) have beenmade. A helicopter pad
originally built by an oil exploration company has been recently restored by the fishing
company and could now be wsed to receive a helicopter from Mauritius. Thereare also several
ruins of buildings, an old turtle pen and cemetery on the island.

On the low-lying northern end of the island there is an area of Portulaca (used as a recreation
field) and a thicket of mixed Suriana, Arguisia and Scaevola interspersed with the introduced
Casuarina. In spite of the predominance of introduced species and weeds, most of the native
species may be found on the coastline of the island. The bird fauna must have been reduced
on the island, but does now include up to 100 fairy terns, 100 lesser noddy terns, and 1 tame
frigate bird. Chickens, rats, mice, cockroaches and geckos have been introduced to the island.

Human impacts are the highest on this island of all the St Brandon archipelago. The island
has been highly modified for human habitation and the salting and processing of fish so that
little of the original flora and fauna of the island are present in their natural associations.

The removal of the natural vegetation, compaction of sandy soils introduction of rats, mice, -
insects and geckoes, and a landscape dominated by human buildings, noise pollution from
generators and other machinery and general human traffic all act to minimise recolonisation
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by native organisms. Pollution in the form of over nutrification from fish wastes and human
wastes is also evident and rubbish associated with human habitation may be found in the
intertidal areas of the island, particularly on the western side. The higher levels of nutrient
inputs associated with fish processing and dumping of fish wastes around the island appears to
have lead to areas of eutrophication of the intertidal area on the leeward side. There has also
been a physical modification of the leeward side shores (west and south) by two failed seawalls
and a groyne and some subtidal blasting to create a boat passage to the southwest of the
island. These activities may have lead to the erosion of the leeward side beach.

Cocos

Cocos is the largest sand bank lagoon island and though it has been inhabited for a long time,
it is no longer being used by fishermen. It is stabilised in its centre, but subject to division
during cyclones (eg, the 1994 cyclone cut the large southern tail off the island, in 1996
another cyclone restored the connection). Two thirds of the island area as recorded is in the
form of intertidal flats. The leeward side of the island is bound by a fine white sandy beach
topped by sand dunes covered by Arguisia / Scaevola vegetation. Over the western dunes, the
interior of the island slopes down to the tidal flats on the windward side, so that much of the
island is low. In the lower parts, the Arguisia / Scaevola vegetation is partly replaced by
Suriana in the south and a Pemphis / Suriana association in the north. Pemphis is the
dominant species along the north windward shoreline, up to a height of 3m, creating a
windbreak. There is an old shoreline at the edge of the tidal flats where a remnant Suriana /
Pemphis hedge may be found. Most of the large Arguisia / Scaevola bushes on the leeward
side of the island were killed during the 1994 cyclone or buried under sand by the 1996
cyclone. Recolonisation and regeneration by these species and Suriana is proceeding rapidly.
The semi-parasitic Cassytha creeper has covered large patches of vegetation, particularly in
the north of the island. At the time of the site visit on this island, there were few birds
present, but their abundance is known to be seasonal. Approximately 1,000 lesser noddies,
1,000 common noddies and 1,000 fairy terns were noted. Other species of birds were present
in lower numbers: 3 sandpipers (Erolia testacea); 2 curlews (Numenius phaeopus, Coebijeau);
1 white tailed tropic bird (Phaethon lepturus, Paille en queue) and several turnstones
(Arenaria interpres, tournepierres). Cocos Island is an important turtle nesting area, with 62
fresh tracks counted, mostly on the southern leeward beach (this represents approximately 1
month of tracks). One nest was observed hatching at 10:00 am with approximately 50
hatchlings coming out during the observation period.

Human impacts on the island are obvious, but most only affect approximately 4 ha of the
land area. Buildings, ruins and related rubbish are obvious. An old trolley system for
transporting materials and goods to and from the island is in disrepair and old fish drying
racks, also in poor condition have resulted in modifications to the island habitat. The landing
for the island is located on the windward side of the island where there has been some slight
disruption of the intertidal mudflats by the trolley tracks and disturbance of coral habitats
where the boats moor. Introduced species include Casuarina, coconuts, chickens and cats.
The water table has been opened and left opened in several places to act as rubbish pits. A
small amount of oceanic rubbish has accumulated on the beaches. Reports have been made of
human predation of birds and turtles in the past

Avocaire

This coral sandisland located on the western edge of South Lagoon has been used as a fishing
base. Avoaire has lost 1 ha of landarea over the last few years, reducing the island to 2ha from
3ha and resulting in the loss of at least one building. The loss of island area, mostly on the
northern side, appears to be by natural erosion (possibly during ssorms). There appears,
however, to have been some accretion on the eastern side of the idand. Approximately 1/3-
1/2 of the island has been modified by habitation which includes the building of houses, cisterns,
fish drying racks and a trolley system for transportingequipment and goods to and from the
island (the trolley has been lost by erosion). Exotic vegetation includes: 16 coconu trees and
Casuanina, particularly in the inhabited area; but caswarinas on the remaining part of the island
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are mostly dead, apparently from cyclone damage. The last one or two cyclones appear to
have pushed waters over the top of the island and deposited a layer of sandup to 10cm thick.
In spite of the long human occupation and the presence of Casuanna and Leucaena, the
original vegetation is still present. A standof Pemphis forms a wind break in a N-S axis inthe
centre of the idand, andPemphis clumpsmay be found within the inhabited area. In the north
east area of the island between the Pemphis standand the Beach is a Suriana thicket, while the
southern point of the island is dominated by an Arguisia / Scaewola association with some
Suriana and herb mat vegetation. The Pemphis thicket here appears to be the oldest and most
established of any of the islands examined, with branches of 10 cm diameter at breast height.
The live vegetation reaches a height of up to 3m but dead branches (from before the cyclone
damage of 1994 and 1996) reach up to over 4m. The bird fauna includes the common and
lesser noddies (1,000 each) and fairy terns (1,000).

Human impacts include the present of exotic vegetation such as Leucaena and Abutilon
indicum, the coconut and date palms (Cocos nucifera and Phoenix dactylifera) and the beach
almond Terminalia catappa. There has been a loss of vegetation cover in the inhabited area of
the island with the presence of derelict buildings, mice, chickens and geckos. The erosion
occurring on the island is likely to be natural and attempts to prevent it are not recommended.

Sud

This is a coral sand island with some upraised beach rock on the southern-most point. A fine
white sandy beach on the western leeward side of the island is topped with sand dunes covered
by mixed Arguisia / Scaewla and Lepturus repens with scattered herb mat vegetation and
Suriana. Towards the centre of the islandthere is a grassy area dominated by herbmat species
(Dactyloctenium, Boerhavia, Achyrantes). On the windward side of the island Arguisia /
Scaevola association is present and accompanied by a Suriana thicket in a low-lying area
surromnded by a grass mat. The island is used as a fishing base and has 3 buildings in good
condition, cisterns and a shed in addition to a navigation light 2-3m tall. The bird fauna of this
island includes approximately 2,000 common noddies, 2,000 lesser noddies and 2,000 fairy
terns all nesting with eggs and young. Fewer turtle tracks are present here than on wminhabited
islands (7 observed) and these are concentrated on the leeward sice in the area of the fine sandy
beach topped by vegetateddunes. T here appears to be some natural island movement with
erosion and accretion occuring in different locations on the northern side of the island.

Human impacts on the island include effects of fire and habitation. Fire appears to have
been used to control ticks and, according to the local fishermen, the Cassytha creeper.
This has possibly lead to a dominance of grass mat species in the centre of the island. This
appears to be affecting the stand of native Suriana, thinning it out. In the inhabited area,
Casuarina, a few coconuts (about 10) and Datura inoxia (Herbe diable) dominate. A small
patch of the couch grass Cynodon dactylon (Chiendent) is also present. Mice which seem
to have been controlled using poison (Parapel tablets, Roger Fayd’ herbe Co., Mauritius):
Chickens have also been introduced t o the island to help control ticks. A small rubbish pit
has been established.

Group 4 - the “Small Islands and Sand Banks”: Longue, Petite and Grande Dagorne,
Capitaine and many others

Petite Raphael

This is a small, low sand bank cut into two by the 1994 and 1996 cyclones. The most
common native species of plants such as Arguisia, Scaevola, Suriana and the herb mat
species are currently recolonising it. Some Casuarina are present at the northern end of the
island with established trees regenerating and new trees recruiting. A single coconut seedling
was found on the island. The bird population is small, with 100 lesser noddies, a few common
noddies and fairy terns, though these are nesting with both eggs and small chicks present. No
turtle tracks were recorded and is type of island is not a favoured habitat for turtles.
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Courson

The island is small and surrounded by rough rubble and sand beaches. The present
configuration of the island has been shaped by cyclones and fires. It was hit by the 1994 and
1996 cyclones and much of a Pemphis thicket which dominated the island was flattened and
matted with dense undergrowth. By October/November of 1996 the island was covered again
in a dense Pemphis thicket (J. Brown, pers. obs), however, by May 97 it had again lost much
of its vegetation cover to fire. At the time of this inspection, some Pemphis regrowth was
found at the southern end of the island, but the centre of the island was recolonised by herb
mat species (Achyrantes, Boerhavia, Dactyloctenium). The area presently covered by
Pemphis was estimated at 50m” with the herb mat vegetation and a few scattered Pemphis
occurring at the northern end. No new Pemphis seedlings were seen so regeneration is by
regrowth not recruitment. A fireplace assumed to be the source from which the latest fire
spread to the rest of the island was found next to the beach. In 1996 the island was a known
frigate colony with approx 50 adults. There were also several hundred of both noddies and
fairy tems. By May 1997, there were remnants of frigate eggs and remains of juveniles,
probably as a result of poaching and death by burning in the fire. There were approximately
100 each of both species of noddies and of fairy terns on the island, all of which were
breeding. No other obvious human impacts were noted and no evidence of turtles was found
as the island is too small and too low.

Baleine

This small island, formed of coarse coral sand and rubble is sparsely covered by
approximately 200m? of vegetation. Only 2-3 Arguisia bushes are present and a solitary
Suriana seedling, with the remaining area occupied by herb mat species (Achyrantes,
Boerhavia, Dactyloctenium). A small colony of the two noddy terns and fairy terns is
present, all of which are nesting with approximately 20 chicks of each species. No evidence
of turtles or obvious human impacts were noted.

Several of the other small islands such as Verronge, Ile aux Bois, Grande Fou, Petite Fou,
Grande Mapou and Petite Mapou are similar in structure, flora and fauna to Baleine.

Longue

Longue is a crescent-shaped island, approximately 1 km long and composed of sand located
between Cocos and Sud. A good anchorage and beach is present on the leeward side bordering
a 25m thick crest of mixed and scattered Arguisia / Scaevola bushes and herb mat species
such as Boerhavia, Dactyloctenium, Achyrantes and Leptorus. Some Suriana seedlings were
also present. The vegetation on the island has a lot of new growth after being damaged by
the two cyclones. 5 coconut seedlings were planted on the crest of the beach. Few birds were
present at the time of this site visit, though larger numbers were noted in October/November
1996. 1,000 each of both species of noddies and fairy terns were observed, each with eggs
and chicks. Turtles utilise the island, with 10 tracks observed and a turtle at nightfall.

Other small islands of a similar structure were Petite Dagome and Grande Dagome, Loupe
Garou and Grande and Petite Capitaine (now fused). Tortue in the North near Grande Pass is
similar to Longue except that it has lost most of its width in the two cyclones and the
vegetation has been reduced to a band of only 3m width, apparently losing its attraction to
turtles (only 2-3 tracks seen). There is some evidence that Tortue is accreting and being
recolonised by flora and fauna.

Grande and Petite Capitaine (previously two islands and now linked)

This is a large sand bank composed of coarse sand covered with scattered Arguisia and Scaevola
bushes and the wual herbmat species. Lepfurus is abindant near the leeward beach, while
Dactyloctenium, Achyrantes and Boerhavia mostly dominate the herbmat. A few Suriana
seedlings are present and scattered over the island. The avifauna includes approximately 1,000
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nesting lesser noddies with eggs and chicks, 30 roseate terns (not nesting because either it is not
their season or they do not nest on this island) and 10’s of fairy terns and common noddies
(also nesting with eggs and chicks). Fourteen frigate birds were observed flying high above the
islandand though not presently nesting may roost here. Capitaine has been recorded as a
nesting area for frigate birds in the past andthe breeding colony may only be intermittent
because of human interference. Thisis not anisland favoured by turtles because it does not
have a steep, high beach, though 2 old turtle tracks were recorded

Summary information on the size, date of inspection, height above sea level and counts of
turtle tracks for each of the islands examined is given in Tables 3 and 4 below.

Table 3: Summary information for all islands examined.

Island Date visited Approximate area of land above Approximate maximum
mean tide level (ha) height above mean sea level

(m)

Puits a Eau 20/5/97 38 2

Poulailler 20/5/97 5 1.5

Petite Raphael 18/5/97 0.3 1

Raphael 15/5/97 5 2

Cocos 23/5/97 138 (most intertidal) 4.6

Avocaire 21/5/97 2 1.5

Sud 22/5/97 19

Paul 17/5/97 25 1

Nord 18/5/97 25 4

Albatross 16/5/97 70 4.5

Fregate 19/5/97 22 4

Courson 21/5/97 0.7 1

Baleine 21/5/97 <0.1 1

Longue 22/5/97 5 2

Grande & Petite 15/5/97 4 1.5

Table 4: Counts of turtles tracks found on the islands. Values are tracks seen during the day of inspection
and probably represnt tracks recorded over a month. There were approximately 240 tracks noted in all,
including those on 4 other islands which were estimated by interviewing fishermen. Note that at the time of
this survey, turtles were not in peak nesting season. By making a 1/3 reduction due to failed tracks (i.e.
females which did not nest and might have tried again) we come up with estimate of total adult female laying
population of between 600 and 800. T his figure could, however, be as high as 1,500 turtles, but additional
data are required to refine our estimate.

Island Tracks  Island Tracks  Island Tracks
Petite Capitaine 2 Fregate 25 Longue 10
Grande Capitaine 0 Poulailler 2 Cocos 62
Albatross 16 Puits a Eau 3 TOTAL 193
Paul 0 Avocaire 0 Sirene Present
North 66 Baleine 0 Pearle Present
Petite Raphael 0 Courson 0 Grande Dagorne Present
Raphael 0 Sud 7 Tortue Present

2.5.3 Description of the marine ecosystems

Of the major marine environments identified above, we were able to make inspections of all
but the reef slope and the deepest parts of the St Brandon Sea. This was done to provide
background information on their structure and the organisms dominant within them. The
habitat are described more-or-less in the order from the eastern ocean side habitats, through
the lagoon to the western sea.
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1. Reef slope

The reef slope habitat is best developed on the eastern side of the 3 main St Brandon
Lagoons, but is also present around and between the outer sea islands of Albatross, Nord,
Sirene, Fregate, Pearle and Baleine Rocks. It begins at approximately a depth of between 10
and 40m and slopes down steeply to form the ocean floor. We were unable to inspect this
habitat, but in other parts of the world it is usually characterised by low standing cover of
hard corals and by algae such as Halimeda.

2. Reef terrace

This habitat occurs above the reef slope all around the St Brandon Archipelago occupying the
area between 3 and up to 40m depth on the eastern reef located on the eastern side of the
lagoons and around the outer islands. It is usually a relatively gently sloping, low relief
habitat dominated by coral rock surfaces and ridges, between which may be grooves and sandy
areas. The terrace is usually a high energy habitat with good water quality (visibility of 30-
40m+) and variable cover by hard corals capable of withstanding storms and wave action. On
the eastern side of the archipelago this forms part of the main “growing edge” of the reef
system. - Around Albatross Island the terrace habitat has a relief of 1.5m and reef patch size
of 3m. The bottom cover is approximately 50% sand and 50% reef areas with sand
decreasing towards the island. The rocky substratum is dominated by foliose sponges, blue
green algae and soft corals, with relatively low cover by hard corals. The main corals present
are: Porites, Favia, Montipora, Acropora hyacinthus, Astreopora and Hydnophora plus at
least another 10 species of massive or robust branching forms. The terrace at Nord was
similar, but also had large patches of the seagrass Thalassodendron. The eastern reef terrace
habitat was rock based, deeply grooved (grooves parallel to the crest) and was not dissected by
sandy patches. The relief and coral cover was low with the area being dominated by
encrusting coralline algae and Halimeda, the corals Acropora spp., Porites and Alveopora and
sponges. Most of the corals are present in their low relief high energy environment forms
(i.e. branching is rare). The fish fauna of the terrace habitat included many species of small
reef fishes such as butterflyfishes, angels and wrasses. Larger, commercially important fishes
such as Lethrinus mahsena, Scarus ghobban, S. ovifrons, Plectropomus laevis were also
present and tended to be of large size (over 30cm).

3. Spur and groove

The spur and groove habitat is best developed on the eastern reef and the eastern side of
Albatross and Nord, though it is present in a less developed form on the western side of the
lagoons and around sea islands and reefs. This habitat extends between the depths of 0 and
3m and is the rocky reef margin where the oceanic waves break. It is the highest energy
habitat of the reef and tends to be dominated by algae growing on reef rock, with scattered
hard corals present only in their thin encrusting forms (able to withstand the constant wave
action). It is comprised of alternating ridges of rock and deep grooves among which may be
found crayfish and herbivorous fishes such as parrotfishes and surgeonfishes. On the eastern
reef, the spur and groove zone is bound on the lagoon side by a narrow channel 1.5m deep
which runs parallel to the shoreline and which is utilised by large numbers of sharks and
parrotfishes.

4. Reef crest
The reef crest is the highest part of the marine system of the archipelago and is found on the
inside of the spur-and-groove zone. It may be intertidal or shallow subtidal (only a few cm)

and is composed of reef rock or rubble overlying reef rock. The largest expanse of reef crest
is found on the eastern side of the lagoons, but the western reef, outer islands and patch reefs
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also have smaller, less well developed reef crests. The reef crest on the eastern side is several
hundred metres wide and composed of several bands: (i) on the ocean side is an area of rocky
platform which may be covered in sections by some sands and rubble; (ii) towards the lagoon
is a band of mobile rubble; and behind that is (iii) an algal band dominated by red and blue-
green algae. The reef crest is an area of high energy and is the first to receive coral and rock
materials torn from the spur-and-groove, terrace and slope during storms. In the case of
Tortue, Paul and Bouquet islands, these materials were concentrated enough and water
energies dissipated enough to form land areas just behind the crest in the back reef. Few
corals are found on the reef crest, and those that are present occur only as crusts and never in
branching form. Fishes move over the reef crest during high tide, utilising algal communities
for food and during spawning migrations between the ocean and lagoon (see also ocean to
lagoon passes).

5. Back reef

The back reef area is the transitional zone between the high energy reef crest and the low
energy lagoon. It varies from a depth of approximately 0.3 to 1.5m and may be found
behind reef crests on the eastern side of the main lagoons and around many of the islands and
lagoon or sea patch reefs. On the eastern side of the lagoons, the back reef is composed of
large colonies of habitat-forming Heliopora (blue corals), Acropora palifera and Porites
cylindrica forming patches on the scale of 0.5-1m regularly spaced on a sandy-rubble
substratum and which decrease in size towards the crest. The back reef is rich in smaller
corals (Stylophora, Pocillpora damicornis, Acropora plates) able to grow in corymbose,
branching or plating format because the energy levels are lower. Clams, holothurians,
Halimeda and sponges may also be found growing on the reefs created by the habitat-forming
corals. The resident fish fauna of this zone comprises mostly damselfishes, wrasses,
surgeonfishes, gobies, blennies and butterflyfishes.

6. Ocean to lagoon passes

Only two ocean to lagoon passes occur on St Brandon Archipelago. These are “Grande
Passe” and “Passe la Cayane” both of which cut from the ocean terrace directly into Turtle
Lagoon. The passes are important habitats probably allowing for greater water exchange into
Turtle Lagoon and the migration of fishes between the ocean and lagoon for feeding and
spawning. They are also associated with the formation of steep walls, caves, seagrass areas
and patch reefs which support a diverse fauna of fishes and corals not seen in other parts of
the archipelago. Some of the fish species observed in large numbers or uniquely in Grande
Passe include: white tip reef sharks, Lutjanus fulviflamma, Epibulus insidiator, Coris aygula,
Thalassoma hardwicki, Cheilio inermis, Naso brevirostris and Ctenochaetus strigosus.

7. Lagoon floor

The St Brandon Archipelago has within it three distinctly separated lagoons which hereafter
from north to south will be referred to as “Raphael Lagoon”, “Turtle Lagoon” and “South
Lagoon”. The lagoons are separated by western reef crest walls and the lagoon floor is up to
7m deep. Water quality varies from clear (30m+ visibility) to-murky (5m visibility), with
visibility being greatest in areas closest to fresh inputs over the eastern reef crest. Smaller
lagoons may be found around some of the St Brandon Sea islands, particularly Nord. Raphael
Lagoon has a large amount of deep areas with few patch reefs and is used for basket trap
fishing. Turtle Lagoon, although also deep in many areas, has a large number of patch reefs
developed within it in addition to the two passes. South Lagoon is the shallowest of the three
and differs by having no definite western reef crest and wall, but instead a sloping lagoon floor
which merges with the St Brandon Sea. South Lagoon appears to provide a large nursery
habitat for sand-associated fishes such as Lethrinus mahsena and L. nebulosus. Juveniles of
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up to 10cm total length were found in large numbers only in this lagoon. The sandy floor of
all of the lagoons was found to be either heavily bioturbated (i.e. with many worms,
crustaceans, bivalves and gastropods living in and on the sand) or relatively undisturbed and
covered in blue-green algal mats. The bioturbated areas often had large counts of fish bite
scars (up to 300 bites/m”) on the sand surface, despite the daytime absence of fishes such as
lethrinids that are likely to have caused them. It is likely that the shallow sandy lagoon areas
are used by schools of infauna-feeding fishes at night - these same fishes appear to be
aggregating around patch reefs in the lagoon of sea during daylight.

8. Lagoonal patch reefs

The lagoonal patch reefs vary between 0.5m on the top and 3m depth around their bases
where they meet the lagoon floor. They are secondarily formed within the lagoons by corals
and algae, later being colonised by many other invertebrates including sponges, soft corals,
shrimps and molluscs. They may grow outwards, increasing their diameter with the tops
often dying-off and becoming rubblised by storms. In some cases, where storms have thrown
sufficient materials up onto the reef top, islands or sand cays may be formed. The patch
reefs support a wide diversity of fishes and corals (see graphs in Appendix 2.10.4). The
species of fishes caught by basket traps are found around the bases of lagoonal patch reefs. In
the lagoon Lethrinus nebulosus and Scarus ghobban of up to 35cm total length were
observed.

9. Western reef crest and wall

The western reef crest is similar in structure to the eastern reef crest and spur and groove
zone, but less well-developed because they are located in a plankton / nutrient / recruitment
shadow created because the prevailing ocean currents arrive at the archipelago from the east.
The result of this is that the crest system tends to be narrow and shaped like a wall instead of
being broad and differentiated into several distinct habitat types, as it is in the east. It is best
developed to the west of Raphael and Turtle Lagoons, and is more-or-less absent from South
Lagoon. At Raphael Lagoon the western reef crest is rocky and stands approximately 1.5m
off the lagoon floor and 4m off the floor of the St Brandon Sea. It has few corals growing on
it, though there are some corals just inside the lagoon side and just outside the wall on the
seaward side. The main corals found associated with the western reef were Acropora
hyacinthus, A. cytherea, A. latistella, Favia stelligera, Stylophora pistillata, Alveopora,
Cyphastrea, Platygyra and several species of soft corals. A narrow spur-and-groove type
structure is developed on the seaward side of the western reef wall of Raphael Lagoon.

10. St Brandon Sea

The St Brandon Sea is defined as the shallow sea area bound by the major lagoons and western
reef margin in the east and south, and by the islands of Albatross, Nord, Sirene, Pearle,
Fregate and Baleine rocks in the north and west. It varies between approximately 4 and 40m
depth and appears to be formed of a sandy-mud bottom with patch reefs. The water quality
tends to be poor, particularly in the area shadowed from fresh easterly waters by Raphael and
Turtle Lagoons with visibilities of 4-8m being recorded. In the shallow areas adjacent to
South Lagoon where water flows from the east are better, visibility was improved.

11. Sea patch reefs
Patch reefs located in the St Brandon Sea were similar to lagoonal patch reefs, but located in

the deeper, more turbid waters and only those close to the sea surface had rubblised reef tops.
The reefs tend to be rocky and dominated by foliose sponges and soft corals. Hard coral
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species recorded were Platygyra, Acropora hyacinthus, Heliopora and Hydnophora with
stinging hydroids and crinoids also present. The reefs tended to be covered by turfing algae
(mostly reds and browns), brown encrusting algae and blue-green algae. These reefs tend to be
located in low energy environments which are also poorly supplied with plankton and
nutrients and therefore tend to be slow growing. They are, however, heavily utilised by large
groups fishes of those species commercially exploited, such as lethrinids and scarids.

2.5.4 Patterns in the distribution and abundance of fishes, corals and
algae across the archipelago

Transect data on fishes, corals, algae and other organisms (see Appendix 2.10.3 for graphs)

Approximately 36 species of hard corals, 6 species of soft corals, 4 sponges, 12 species of
algae and 75 species of fishes were recorded in the transect counts carried out throughout the
archipelago. Results of abundances for 5 species and the diversity (as species richness) and
total abundances of several groupings were plotted for comparisons among three of the
habitats: the terrace, lagoonal reefs and reefs in the St Brandon Sea (see Appendix 3.10.3).
Cover by hard corals was generally low and approximately equal in all three habitats at
between 10% and 17%. Soft corals were most abundant on lagoon reefs at about 13% cover,
being least abundant on sea reefs. Sponges were most abundant on the terrace habitat (11%),
while algae occupied a large proportion of the substratum on the terrace and lagoon reefs at
up to 33% cover.

The general abundance of butterflyfishes was low and similar in the three habitats with a
mean maximum of 6 individuals per 300m’ transect being recorded in the terrace habitat.
Surgeonfishes and wrasses were more abundant with up to 22 individuals per transect.
Surgeonfishes were approximately equally distributed across the three habitats, while wrasses
were most common on lagoon reefs. Overall density of fishes was similar in all habitats,
while species richness tended to be lowest on lagoon reefs.

Timed counts of fishes (see Appendix 3.10.3 for graphs)

Individual densities of 10 common species of fishes were compared across five habitats using
timed counts. The five habitats were terrace, lagoon reefs, sea reefs, lagoon floor with
scattered patch reefs and lagoon sand. At least four of the species analysed were of
commercial importance (Scarus ghobban Cateaux, Lethrinus nebulosus Capitaine, L.
mahsena Dame berri and Siganus suitor Cordonnier).

Patterns of abundance in the five habitats varied among the species according to the
requirements of each. One observation in common with all species was the consistent day-
time absence of fishes from the sandy lagoon floor. Cateaux were most common on lagoon
and sea reefs and lagoon areas with scattered patch reefs (at more than 20 individuals per
timed count). They were present in very low numbers pr absent from the terrace and sandy
lagoon floor. Capitaine were most abundant on sea reefs and lagoon areas with scattered
patches of reef and were virtually absent from the terrace, lagoon reefs and sandy lagoon
areas. Dame berri were present in significant numbers only on sea reefs, while Cordonnier
were recorded only from the terrace during this study. Overall, species richness was highest
on sea reefs (average of more than 18 species), with all other habitats except the lagoon
sands (with almost zero) supporting a similar diversity of fishes (between 10 and 14 species).
Total abundances of fishes were highest on sea reefs and lagoon areas with small patch reefs
(mean maximum of approximately 115 fishes per count).
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Ciguatera causing dinoflagellates: Gambierdiscus toxicus

Ciguatera-causing dinoflagellates were found in samples collected from St Brandon (Table 5).
A detailed assessment of ciguatera was outside the scope of this study so that samples were
not assessed quantitatively, but merely examined to determine whether the potential for
ciguatera exists in the archipelago. The results here, taken together with past tests on fish
tissue toxicity suggest that further studies on the presence, nature and extent of ciguatera at
St Brandon requires further, more formal study.

Table 5: Counts of dinoflagellates dislodged from a single sample of approximately 100g of Gracilaria
collected from South Lagoon on 22/5/97. Counts should not be taken as quantitative estimates of
abundance, but are presented here only to indicate presence of dinoflagellate species.

Number observed

Gambierdiscus  toxicus 8
Cysts

Ostreopsis  sp. 17
Prorocentrum 15

2.5.5 Species of special status observed at St Brandon

It is not expected that there are any species endemic to the St Brandon Archipelago as the
area is relatively poor in habitat types and overall diversity of flora and fauna. The species
of plants and animals encountered on the islands and in the marine habitats during this study
are well-known throughout the Indo-Pacific region or else are well known from the East
Africa / Westemn Indian Ocean Region.

At present, there are no perceived threats to any marine life found in the archipelago. There
may, however, be threats to birds and turtles which are more subject to habitat loss and
modification by human activities and through poaching (of adults, chicks and eggs). Four
species of birds, the Masked Booby, Red-footed Booby, Frigate bird and Roseate Tern are in
low numbers, easily disturbed during breeding, have been severely affected by rats or other
introduced species, or a prized as human food and their continuing presence of the
archipelago is considered under threat (Table 6). Another two species of birds, the Wedge-
tailed Shearwater and Brown Booby, previously apparently recorded on St Brandon, may have
already been lost. St Brandon is an important turtle nesting area and turtles are considered
vulnerable world-wide because of their long life spans, fidelity to their beach of origin and loss
of nesting habitats. Management strategies for St Brandon, will have to take these species
into special consideration to ensure that no additional species are lost from the archipelago.

Table 6: Special status of species observed at St Brandon

Status
Masked or Blue-faced Booby Threat of loss from St Brandon
Red-footed Booby Threat of loss from St Brandon
Frigate Threat of loss from St Brandon
Roseate Tern (Swinnerton et al, 1996) Threat of loss from St Brandon
Muttonbirds / Wedge-tailed Shearwaters Lost from St Brandon?
Brown Booby Lost from St Brandon?
Turtles Threatened worldwide
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2.6 Human impacts and suggested mitigation measures

The human activities in the St Brandon. Archipelago over the past hundred years have had
little overall effect on the majority of habitats present and the system, as a whole, is still in
good condition. Where humans have had measurable effects, these have tended to be
localised and many impacts appear at this stage to be reversible with appropriate mitigation
actions and/or management. The exception to this would be the apparent loss of the Wedge-
tailed Shearwater and Brown Booby which may require reintroduction programmes in order to
return.

The discussion which follows provides a description of the major human impacts in the
various habitats of the archipelago and suggests mitigation measures and management tools
which are expected to contain, minimise or eliminate the observed impacts.

2.6.1 Islands

The effects of human activities on the terrestrial ecosystems of the St Brandon Archipelago
fall into four main categories:

(1) Incidental impacts - those which may be unrelated to activities on the archipelago;

(2) Physical / Chemical impacts;

(3) Species introductions; and

(4) Poaching (see Table 7).

These effects vary in location and intensity and no one island or sand cay is affected by all.

Incidental impacts - oceanic rubbish

Floating rubbish brought in by the oceanic currents, tides and wind was found at all sites
inspected on the St Brandon Archipelago. The rubbish included rubber and plastic items (e.g.
shoes, polystyrene, containers for fuel and water), fluorescent light tubes, buoys, ropes and
many other items which float and may have been discharged either accidentally or
deliberately to sea. Some beaches on the islands which are currently accreting were also
particularly concentrating oceanic rubbish. This rubbish, although detracting from the visual
amenity of the archipelago probably does not result in significant damage to the island or
marine ecosystems. Much of it probably originates well-away from St Brandon, although
some is likely to be associated with human habitation of some of the islands and ships which
come to the islands.

Mitigation and management

1. Incoming floating rubbish which originates off St Brandon is unavoidable and no steps can
be recommended here for reducing its influx.

2. From time to time it may be possible to organise clean up days to collect oceanic rubbish
off the beaches.

3. Rubbish associated with human habitation of the islands and incoming ships should be
carefully managed and recycled, composted, bumed, taken off-shore, or dumped under
certain conditions in very deep water (see section below on managing rubbish).

Physical / Chemical impacts

Several types of impacts were recorded under this category: guano mining, human structures
such as buildings, rubbish, general habitat disturbance associated with human access on islands,
nutrient enrichment, erosion and fire damage.
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Guano mining

Guano mining on Albatross, Fregate, Pearle and Sirene has resulted in the disturbance of the
islands’ coral boulder base and finer capping. The diggings were not accompanied by
restoration of the island surface which is now pitted and mounded. The impacts of this
appear to have occurred in the vegetation and in the bird colonies (though other factors have
also come into play). The centre of the islands are often covered in herb mat vegetation
which is heavily modified and utilised by breeding terns and other seabirds (Shearwaters,
boobies). The guano diggings disrupted the relatively smooth capping of the islands, reducing
the area suitable for nesting birds and appears to have altered the herb mat assemblage slightly
by allowing the invasion of Arguisia and Scaevola bushes in an area normally dominated only
by grasses and low creepers. Islands with no or only a small amount of guano diggings, such as
Nord (no diggings) and Albatross (some diggings) still have large bird colonies on them.
Fregate island was heavily exploited, has a severely disrupted herb mat area in the centre of
the island, and has no breeding colonies of terns.

Mitigation and management

1. Islands damaged by guano exploitation should be restored by levelling the pits and mounds.
The levelling should occur in stages (patches or strips restored every six months) to
minimise disruption of the breeding colonies of birds and to allow for rapid recolonisation
of herb mat flora.

2. Other factors leading to damage to bird colonies need also to be addressed at the same
time. These include the cessation of bird poaching and unnecessary disturbance to
breeding colonies and the removal of rats (see introductions below).

Impacts of structures (buildings, trolleys)

Limited numbers of buildings change the localised composition of the island flora and fauna
but do not appear to have widespread effects on the island as a whole. Of some concern is
the presence of ruins on many islands which have resulted from storms or have simply
become redundant with changing activities. These occupy unnecessary areas that could be
returned to the natural vegetation and are associated with rubbish such as roofing iron,
foundations, rubble and timbers.

Mitigation and management

1. Minimise or remove buildings on the islands not designated for human habitation

2. remove ruins not required for human activities. Large pieces may be useable to create
moorings, other pieces could be dumped in the deep ocean.

3. Damage to human buildings during storms might be minimised by mass plantings of trees
such as coconuts on the islands designated for human use. These plantings should be dense
with repeated plantings through time to create a multi-level screen against storms. They
should also be extensive, covering much of the island to be protected. In the Pacific
Region, Polynesians and Micronesians use such coconut plantings to protect their homes.
During storms the front lines of trees may be lost, but overall, the coconut forest deflects
the winds over the top of the inhabited areas.

Rubbish
The rubbish generated by human habitation and incoming ships includes plastics, rubber,

paper, organic scraps, oil, petrol, paints, solvents and metals all brought to the islands to
support the Meteorology and Coast Guard staff and the Fishermen and their activities. The
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rubbish is relatively benign as quantities are small and toxicity is low. The main risks with
rubbish which has not properly been disposed of is blowing or washing into the sea where a
buildup could damage coral habitats, contamination of groundwater, smoke pollution and
runaway fires and damage to the visual amenity of the archipelago. If oil, petroleum or other
toxic materials are released, either accidentally or for disposal, repeatedly within a small area
there may also be localised kills of corals, algae and other organisms. Human wastes are
currently disposed of on Raphael Island using either septic systems or pit latrines. Both of
these techniques are associated with contamination of surrounding habitats and groundwater,
the latter also contributing pollution by creating plugs of waste in the subsoil of the island
which remain there for long periods of time.

Mitigation and management

1. Reusing: Concrete and timbers have been in the past and should continue to be reused
wherever possible in new buildings and to maintain existing buildings.

2. Recycling: Aluminium cans, scrap metals, batteries, glass and other items may be best
taken back to Mauritius for recycling, rather than being placed in landfill dumps on the
islands.

3. Organic materials and sewage may be composted and used to fertilise trees, rather than
being considered rubbish or being placed in septic tanks and pit latrines. This includes fish
wastes, which are considered important in keeping nitrogen levels high in fibre-rich
composts. If a centralised composting toilet system is used other organic wastes (grass
clippings, newspapers, tree trimmings, food scraps) may be disposed of in the same system
(e.g. Dowmus composting toilets do this).

4. Although generally not recommended because it adds to the risk of runaway fires and
pollution, a small amount of rubbish might best be disposed of by burning. This includes
waste timbers, and some plastics (though recycling should be investigated first for the
plastics).

5. Larger items of rubbish such as roofing iron, concrete pieces, derelict outboards and boats
and equipment could be dumped at sea, providing this occurred in the very deep ocean.
very deep water marine dumping does not contravene the London Dumping Convention
providing that the materials are stripped of oils and other toxic materials and providing
that pieces of the rubbish cannot break off during dumping and become floating waste.

General habitat disturbances

These include disruption of the delicate herb mat and other vegetation by repeated foot
traffic, gardening or cleaning the inhabited areas and the opening of pits in the island for
rubbish disposal and water. These disturbances were found mainly on the inhabited islands of
Raphael, Avocaire, Cocos and Sud. These islands are to be designated “human” islands in the
management plan where these disturbances are unavoidable but should be minimised where
possible. The opening of the severely limited water lenses on the islands should be limited
due to the possibility of contamination of the water and possible exposure to evaporation.
On Cocos the exposed brackish water lens was growing blue-green algae. All of these impacts
act to reduce the native flora and fauna of the islands by direct physical damage or by
affecting soil moisture and structure.

Mitigation and management
1. On non-human islands, human foot traffic could be restricted to designated marked paths

which could be stabilised in areas where sand dunes might become destabilised and subjected
to wind erosion.

2. Damage to human islands could be minimised by restricting the area to be impacted by
human activities. This would not be suitable on Raphael Island where the entire island area
is required, but could be done on Cocos where only a small area is inhabited.
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3. Openings of the soil for rubbish disposal or access to the water lens should be limited and
steps should be taken to minimise effects on the groundwater itself. If rubbish is to be
buried, it should be non-toxic, stable and not able to contaminate the subsurface water.
Wells should be carefully lined and capped and the soils replaced around them to minimise
losses of the water and prevent contamination.

4. Dead branches on natural vegetation should not be removed for firewood - these provide
nesting sites for fairy termns.

Blasting, seawalls, ramps and erosion

Access to Raphael Island was improved by a small amount of blasting to create a channel
from the St Brandon Sea, over the western reef crest to the island. In addition to this several
islands have either access ramps, or trolley systems to move goods and materials to and from
the islands (e.g. Cocos). Raphael Island also has a seawall and groyne designed to protect the
south western shoreline from erosion. Biological impacts from these structures and the
blasting are likely to have been relatively minor. However, there is a chance that that
blasting and other shoreline modifications might have affected the way that water currents
move past the island and may have contributed to the present problems with erosion. For
example, the existing seawalls are solid structures which take the full force of wave action and
reflect much of the energy instead of dissipating it. This means that water bouncing back off
the walls has sufficient speed to carry sediments away from the shore. This situation needs
only occur once per year or less to erode the beach that was there.

Mitigation and management

1. The seawalls on Raphael Island should be formally examined by a coastal engineer and/or
hydrodynamic modeller and a more effective seawall system set up. The existing seawall
should be replaced with either groynes or a system which tends to collect the sediment if
the beach is to be replaced.

2. All other coastal structures, including ramps and walls should be carefully modelled and
designed before being placed anywhere in the St Brandon Archipelago. The entire system
exists because of delicate balances between currents, tides, waves and storms - any shifts in
the way that waters interact with each other and the shore could have devastating and
unpredictable effects on the small islands and cays of the system.

Nutrient enrichment

There is evidence of localised nutrient enrichment in the intertidal area on the south western
coast of Raphael Island. On the day of inspection, the intertidal rubble zone was found to be
littered with discarded fish and other rubbish. This appears to have resulted in the anoxic
sediments found in the shallow waters around the landing area and the cover by algae in the
intertidal zone. The algae noted are indicative of nutrient overload in the area.

Mitigation and management

1. Fish wastes could be collected and dumped at sea, rather than discarded immediately around
the island.

Fire damage
Fire caused major impacts to the island ecosystem at Courson, causing damage to the native
vegetation and nesting bird fauna. Fire appears not to be well-tolerated on the St Brandon

Islands and all actions should be taken to avoid the accidental spread of cooking or rubbish
disposal fires.
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Species introductions

The third major category of impacts is the result of introductions, usually unwittingly, of
exotic species which either displace or prey upon the native flora and fauna. Tens of species
of introduced plants were recorded on the islands examined (see Section 3.10.2). Fortunately,
many of these are restricted to the areas inhabited by humans and do not seem to have spread
to the ‘wild’ islands, except where people have deliberately planted them (e.g. Coconuts
and/or Casuarina have been planted on Albatross, Fregate, Puits a Eau, Petite Raphael and
Longue). At least one introduced plant, the cotton, is present on some of the islands and
appears to be spreading. Animals which have been introduced to St Brandon are chickens,
rabbits, rats, mice, cats and a gecko. Chickens were mainly introduced to the inhabited islands
to control ticks, these are unlikely to be of significant or further impact given the
surrounding impacts of human habitation. Rabbits (reported in the past from Albatross but
not seen during this study), mice and geckos are also unlikely to present a major threat to the
flora and fauna of the islands. In contrast, cats and particularly rats are likely to be
detrimentally affecting bird populations. Rats are predators of eggs and chicks of the nesting
seabirds and are thought to be at least part of the reason for the lack of birds on Fregate and
Pearle islands which given their structures and locations would have been expected to support
large colonies of terns. Cats are also likely to prey upon the adults and the chicks and/or eggs
of nesting birds. It is unknown whether rats or cats could also prey upon turtle eggs during
laying or on hatchlings.

Mitigation and management

1. A programme of rat, mouse and cat removals should be carried out throughout the
archipelago to secure as many islands as possible for nesting bird colonies. This should
occur also on the islands inhabited by humans to minimise the risk of recolonisation from
uncleaned islands. A programme of baiting of grain pellets and red meats, unlikely to be
acceptable to seabirds should be carried out as soon as possible.

2. All other exotic species of plants and animals should be cleared, if possible, from the
islands not designated for human habitation as part of a general programme of
rehabilitation (see management plan below).

3. Chickens, geckos and ornamental, food or cyclone breaking plants should be left or even
additional plantings made on the four islands designated for human habitation (Raphael,
Cocos, Avocaire and Sud).

Poaching of birds and turtles

Sea birds and turtles must be protected by law and should not be subjected to poaching
anywhere within the St Brandon Management Area. The impacts of poaching are difficult to
assess since no data exists on the expected populations of nesting birds or turtles, and no
information is available on real takes of these species. Evidence of poaching was found on at
least 6 of the 16 islands examined and has been on-going for decades. It is also not known
whether poaching may have contributed to the apparent loss of Muttonbirds (Shearwaters)
and Brown boobies from the archipelago.

Management

1. People using the islands and waters of St Brandon Archipelago should be reminded of
Mauritian Law which prohibits the collection of birds or turtles or their eggs and young.

2. Compensation could be offered to the fishermen who understandably tire of eating fish in
the form of a monthly feast of spit lamb or other red meat to encourage them not to take
birds or turtles.
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Table 7: Summary of main impacts recorded on all islands inspected during this study. R=Introduced
species reported in other studies but not sighted during this one.

Group 1 Group 2 Group 3 Group 4
Incidental
{Oceanic rubbish AR A A e
?quano v v v
v v v v v v v v
iAccess ramp / trolley v v v v
‘Rubbish of habitation v v v v v v
iFish v v v
{Habitat disturbance v v v Vv v v v v
{Nutrient enrichment v
{Erosion (human v
%Fire damage
§Anchoring damage v v
Introductions
{Casuarina v v v Vv Vv v v
oconut v v v v v v v VvV v
Cotton v v
i v
{Chickens R v v v
iRabbits R
{Rats R v R v V v ? -
v v 7?7 v Vv
iCats v
{Gecko v v v v
‘Birds v v v v v v
iTurtles v v v v v v

2.6.2 Marine systems

Four major types of human impacts were recorded from the marine habitats of the St.
Brandon Archipelago during this study. In general, however, impacts in this habitat were less
severe or obvious than on land. This is to be expected since damage to the marine ecosystem
becomes dissipated over a wider area due to the fluid nature of the water and damage does not
become apparent as immediately. The four types of impacts were: Effects of fishing;
Rubbish dumping and pollution; Ship groundings; and Physical disturbances such as anchor
damage. All of these impacts, have, at some time been related to increased incidence of
ciguatera.
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Effects of fishing

The impacts of fishing on the marine ecosystems have been difficult to assess. The best
information available comes from comparingthe diversity, abundance and size of organisms in
areas subjected to fishing with areas which have been protected. Such studies are nomally cited to
provide evidence for the effectiveness of marine reserves, but can also be wsed to assess the effects
of fishing. In T able 8 below; are summarised the results of 33 studies on the effects of marine
reserves on marine organisms in several locations aroundthe world The organismsassessed
included those subjected to the fishing pressure, and t hose which were not fished, to provide an
assessment of indirect effects. Acrossthose 33 studies were made a total of 67 tests on effects of
reserves on diversity, abundance andsize. 73% of the tests showed that fished areas had lower
diversity, lower abundance and smaller sizes of organisms than protected areas. In approximately
12% of cases, these measures were increased in unprotected areas, with a further 7% each showing
no difference or conflictingresults The overwhelmingevidence is that in heavily exploited areas,
the effects of fishingare large and far-reaching within the marine ecosystems.

Table 8: Results of studies comparing the biota of protected areas with either non-protected areas or the
same area before protection to provide evidence for the likely effects of fishing. The results shown here are
increases, decreases or no difference in Div=diversity, Abd=abunadnce and Size in fished areas as
compared with the protected (unfished) areas. In this table a “-” indicates a reduction in diversity,
abundance or size of organisms in response to exploitation. Note that not all organisms censused here
were the species being fished. This implies that effects spread to other organisms in the ecosystem and are
not limited to those targeted for fishing. This table has been extracted from McNeill, 1991.

Location Year of Habitat Div Abd Size
Australia 1975 Seagrass fish
1979 Coral fish
1986 Coral fish
1990 Rock abalone
1991 Rock abalone + +
New Zealand 1990 Rock fish, algae 0
Chile 1984 Rock limpets, algae +/-
1985 Rock mussels, snails
1986 Rock bivalves, snails +/-
1986 Rock limpets
1987 Rock snails
1989 Rock bivalves, snails
1989 Rock limpets +
1989 Rock kelp 0
1990 Rock kelp +
South Africa 1985 Rock mussels
1987 Rock bivalves, snails +
1989 Rock mussels
1989 Rock fish
1991 Rock limpets +/-
Kenya 1987 Coral urchins + +/-
1988 Coral fish 0
1988 Coral fish, urchins, corals
1989 Coral snails 0
1989 Coral urchins +
1990 Coral snails 0
1990 Coral urchins, fish +/-
France 1983 Rock fish
Philippines 1985 Coral fish
1989 Coral fish
1990 Coral fish
Costa Rica 1987 Rock limpets
Florida 198 Seagrass lobstrs

34



The diversity of marine organisms at St Brandon was found to be naturally low probably due
to its isolation, poor diversity of habitat types and an overall paucity of nutrients and larvae
in the oceanic waters supplying the system. Despite this overall pattern, the abundance of
corals and fishes and the size of fishes was good for the sand-based / patch reef ecosystem
developed. The fish communities of St Brandon appeared to compare favourably with those
found in well-managed or protected areas on the Great Barrier Reef.

Size frequency information collected from basket traps confirmed the assessment for most
species (Figure 9). The sizes (total length) of Diagramma pictum (35.8cm), Epinephelus
chlorostigma (38.9cm), Scarus ghobban (Cateaux) (31.9cm) and Cheilinus abudjubbe
(27.3cm) were large for those species compared with other fisheries elsewhere (G. Russ, G.
Jones, U. Kaly and M. McCormick personal observations and unpublished data). Most of the
fishes were not, however, near their maximum sizes. Catches of Lethrinus nebulosus
(Capitaine) were small at an average of 30.8cm. The small size may have been related to the
method of capture using the basket traps, and it is thought that if hand lining was used, the
sizes would be larger (G. Russ, pers comm). In addition to the effect of gear used for capture,
it is likely that sizes of fishes vary with seasons, migrations, and the habitat in which they are
captured (those in the Sea are expected to be larger than those in the lagoon).

Management

1. The commercially exploited fishes require effective management which takes into account
their life history characteristics, methods of exploitation, other impacts on their
populations and particularly the effects of cyclones. Management strategies for these
fishes are discussed below.

2. The condition of unexploited fish stocks and other reef and lagoon organisms will be
dependent on mitigation and management of all human impacts on the St Brandon
archipelago, in addition to the effects of fishing. All human activities which cause any
changes to the archipelago environments should be carefully managed and impacts
minimised wherever possible. All human impacts may have unexpected, downstream
effects, with these effects becoming more important when storms are added to an already
stressed population.
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Figure 3: Size frequency distributions of five species of fishes caught in basket traps.
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Rubbish dumping and pollution

Marine dumping within the St Brandon management area, and particularly the St Brandon Sea
and lagoons includes the dumping of ship wastes and disused basket traps. The area to the
west of Raphael Island, in the St Brandon Sea, is the major anchorage for fishing and
coastguard operations. The sea floor in this area is littered with large items of rubbish
including a trailer. Some parts of the Sea and the lagoons have been used to dump old basket
traps constructed from steel mesh, wooden framing parts and plastic string. These traps
result in several impacts. Despite the absence of bait, when discarded if they are not disabled
by removing the funnel they can continue to fish for long periods of time (ghost-fishing).
Also, in the vicinity of rusting metals the marine sediments rapidly become anoxic, with the
sand becoming black at the surface related to the presence of hydrogen sulphide. These
sediments become less suitable for colonisation by burrowing infaunal organisms such as
worms and bivalves, which in turn reinforces the lack of oxygen in the sediments. Such areas
become poor food producers for the reef food webs and tend to lower the overall productivity
of an ecosystem. In the past year alone, hundreds of basket traps are reported to have been
dumped in the archipelago, leading to the possibility of large impacts on the reef system.

Mitigation and management

1. Dumping of wastes, particularly metallic wastes or those difficult to degrade should be
stopped anywhere within the St Brandon Archipelago.

2. Large items of rubbish and compacted basket traps should be dumped in the deep ocean
waters providing they do not result in pollution by pieces floating off or from leaking
fluids (see section on rubbish dumping in 2.6.1).

Ship groundings

The eastern reef and outer islands of the St Brandon Archipelago have become the sites of
wreckage of a number of ships. Although instruments such as navigation systems, radar and
automatic pilots designed to prevent groundings are constantly being improved, the worldwide
sea traffic is increasing. It is therefore difficult to assess whether the frequency of groundings
is likely to increase, decrease or not change in the future. Damage to reefs as a result of
groundings by ships tends to be very localised. Areas of the reefs are destroyed, producing
flat, barren areas, reducing the topographic complexity of the reef and producing piles of
rubble and fragments of corals (Hatcher, 1984; Smith, 1985; Curtis, 1985). There may also
be additional losses of corals as a result of shading of the substratum while the ship remains.
Recovery from ship groundings tends to be slow because viable coral fragments are not
produced. In storm damage, coral fragments reestablish and grow to speed up recovery of a
reef (Curtis, 1985). In some cases, recovery to the original community structure may not
ever occur, with the replacement of corals by a macroalgal community becoming a new
alternative community structure (Hatcher, 1984).

Mitigation and management

1. The wreckage of ships should be removed from the reef wherever possible to minimise
further damage by abrasion during storms and to allow the reef system to recover. It may
be possible to tow an entire ship off the reef or to blast large fragments for easier
handling. The materials could then either be salvaged as scrap and shipped back to
Mauritius or dumped in very deep oceanic waters.

2. Restoration after ship groundings has been attempted. Curtis (1985) reported the
replacement of coral fragments and soft corals in an area damaged by a grounding,
suggesting that this might be a useful way of dealing with groundings in the future.
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Habitat disturbances such as anchor damage

A small amount of damage to corals was noted in the lagoon and shallow sea areas from the
action of anchors and other mooring devices. Corals in these places were sometimes cleaved
or overturned, while those nearby were not affected. The action of storms would be to either
pulverise overturn all of the corals in an area. Although this source of reef damage was very
minor, steps should be taken now to ensure that future anchoring activities do not
unnecessarily affect the reef. In the shallow areas off Raphael where most of the small
fishing pirogues are moored, additional disturbances due to human foot traffic and other
activities appears to have resulted in a loss of the algal and small coral communities found
nearby. The effect is localised and presents no significant threat providing it does not
become widespread throughout the reef areas.

Mitigation and management

1. Some of the effects of anchor damage could be minimised by using sand anchors (instead
of reef anchors or rocks tied with rope) and anchoring boats only over sand.

2. In areas likely to be used heavily for anchoring (e.g. off the inhabited islands) it might be
worth investing in environmental mooring systems. These use permanently embedded
devices which affect the surface of the habitat very little and may be used to hold large
vessels. Devices for sand or reef rock bottoms are available.

3. The mooring systems suggested should not be used heavily around the islands designated as
sanctuaries.

2.7 Broad recommendations for management and environmental
improvement

The management of the St Brandon area should be based on area-based techniques. That is,
the entire management area needs to be divided into different usage zones that take into
account the ecological conditions in the archipelago. Successful area-based management
plans require that (i) the habitats and species associations are accurately identified and that
functional boundaries between them are known, (ii) that flows of energy and organisms
between the habitats are understood, and (iii) that the management strategies proposed work
within these natural boundaries. For example, if a fishing area is delineated on the map and
fishes regularly migrate in and out of it, the management strategy is unlikely to work because
the fate of the fishes outside of the management area is uncontrolled and the fish become an
effectively unmanaged resource. It is for this reason that we have carefully defined the
ecosystems and habitats found at St Brandon.

2.7.1 Usage Zones

St Brandon should have defined within it five different area-based usage zones based on simple
management principles. These are:

Terrestrial protected areas

Terrestrial areas designated for human activities

Marine Parks

Paul Island Special Use Zone for the collection of baitfish and octopus

St Brandon Fishing Zone.

38



1. Terrestrial protected areas

We propose that all islands and cays other than Raphael, Avocaire, Cocos and Sud be
protected from all extractive activities (birds, turtles, guano, shell collecting, sand mining etc)
and that access to the islands should be restricted. Because birds and turtles are vulnerable to
disturbance by humans, access to the islands should be by permit only for special usés such as
a small amount of ecotourism and for scientific study. The Ministry of Environment might
be the controlling agency for the permit system. Where ecotourism is permitted, access
should be with the accompaniment of trained guides who will ensure that disturbance to the
wildlife of the islands is minimised. The boundary of the islands should extend to the limit of
their reef crest, if present, or to a depth of Sm, whichever is closest to the land. It is
recommended that the protected islands be restored (see human impacts and mitigation above
and appendix 3.10.4). Buildings of historical significance may be retained on some of the
islands for purposes of tourism.

2. Terrestrial areas designated for human activities

Four islands are to be designated for human activities including housing, fishing and fish
processing, tourism and for scientific studies. These are Raphael, Avocaire, Cocos and Sud.
Although habitat modifications will be allowed on these islands, extractive activities should
not be allowed and all measures should be taken to minimise other forms of environmental
damage (see impacts and mitigation measures above).

3. Marine Parks

Two marine Parks where no extractive exploitation of any kind is allowed are proposed
within the St. Brandon Marine Protected Area. The team proposes to name these Turtle
Lagoon Marine Park and Cocos Island Marine Park. The two parks encompass
representative but ecologically slightly different samples of the St. Brandon ecosystem. Their
combined area accounts for about 25 % of the St. Brandon MPA, a percentage which is
internationally accepted as adequate for the safeguarding of most biodiversity on reef
systems. The Marine Parks should not be considered as areas taken away from fishing:
research has clearly shown that such areas contribute significantly to adjacent fishing grounds
through outmigration and by providing spawning grounds and a safe haven for parent stock.
The Marine Parks should be open to tourism, but no fishing, shell collecting or extraction of
any kind should be permitted.

4. Paul Island Special Use Zone for the collection of baitfish and octopus

This small zone occupying only 0.3% of the MPA has been designated to allow for the
collection of pelagic baitfish and octopus. In all other respects the special use zone is to be
treated as a Marine Park, particularly as it encircles the protected island of Paul.

5. St Brandon Fishing Zone

The remaining marine areas outside of Turtle Lagoon and Coco Island Marine Parks and the
Paul Island Special Use Zone are to be designated fishing areas. Fishing by line and basket
traps will be permitted in this zone with an upper limit of no more than 630 tonnes of finfish
extracted in any one year. The yearly extraction rate should also be subject to adaptive
management of the resource -see below.
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Table 9: Summary of the approximate percentages and area of the marine usage zones proposed.

Area MPA

St Brandon MPA 1,098 100
Turtle Lagoon MPA 193 8.1
Cocos Island MPA 90 17.7
Paul Island Special Use Zone: octopus and baitfish 2.58 0.3
Area 813 73.9

2.7.2 Fisheries management

Fisheries are in a worldwide crisis. Over 1/3 of the world’s stocks are overfished and 69% are
intensively fished or depleted. There is also evidence that at least 25% of fish captured are
discarded and unreported in world catches. The consequences of the established fisheries
management techniques have resulted in a serious threat to the world’s animal protein supply
and may have already negatively impacted the structure and biodiversity of ecosystems.
Although the reasons for this failure are still under debate, it is clear that achieving
sustainable production will require new management strategies, different institutional
arrangements, improved monitoring and enforcement and the application of ecosystem
principles (extracted from NAS workshop “Ecosystem management for sustainable fisheries”,
1996).

Some of the main reasons for the failure of the world’s fisheries include:

1. Managers, fishers and the public seeing the resources as inexhaustible;

2. Lack of scientific management information e.g. overestimation of sustainable catch,
insufficient life history data;

3. Over capacity of fishing - i.e. more fishers than the resource can sustain;

4. Open access to a common resource (Sissenwine, 1996).

In marine fisheries good management is hampered by an economically inferior property
rights structure. That is, there is a lack of private property rights to the resource stocks,
giving rise to the ‘common property problem’ (Amason, 1996). Points 3 and 4 above are
key issues in fisheries failure because they result in competition among fishers to try and
capture as much of the resource as possible (i.e. to mine it). Instead of allowing the resource
to stay in the sea to increase for future catches, it is converted to cash and stored as profit
before the competitors can. Open access fishery management systems have prevailed for
most marine fisheries to date (Pearse & Walters, 1992). A system which rewards fishers for
managing their resource in the long term is urgently needed.

An ecosystem approach for the St Brandon fishery

1. The St Brandon Fishing Zone (see 3.7.1.5) should be licensed to a single fishing company
who will be responsible for managing the resource and ensuring its continuing health in the
long term. The company would have the exclusive rights to fish within the St Brandon
Fishing Zone and must observe the protected island and marine areas as defined above.
This eliminates the problem of open access and overcapacity for fishing;

2. Fishing rights should be made permanently or for periods of at least 20 years with the
option for renewal to ensure that the incentive for proper management of the resource is
maintained;
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3. The fishing company may sub-license other companies to fish in the area under their
control;

4. Existing size restrictions should be maintained and reviewed as information on natural
history and ciguatera surveys become available;

5. The health of the fishery should be assessed by (i) the regular collection of catch statistics
and (ii) by an ecological assessment of human and fishing impacts every five years;

6. The total catch of finfish should remain below the maximum sustainable yield estimated
by FAO at 680 tonnes per year;

7. The 680 tonne maximum may be reviewed as more data are collected and assessments
made;

8. A catch quota should not be set for St Brandon - lower catches must be allowed when the
resource is under stress (e.g. cyclones) and requires a period of regeneration;

9. Human impacts in the St Brandon area should be minimised to ensure the health of the
resources;

10.0Only line and trap methods should be used - no nets, dynamite, rotenone, cyanide,
spearguns or stonewall fish traps.

2.7.3 Other resources and opportunities

Other activities for generating profit at St Brandon are needed. One of these would be
through ecotourism. The ecotourism proposed would be a ship-based ‘wilderness’ experience
allowing tourists controlled and chaperoned access to:

e bird colonies;

turtle nesting and hatching sites;

snorkelling;

subsistence fishing (a limit of 10kg of fish per person may be taken back home, all other
catches to be only for subsistence while at the archipelago);

diving;

shipwrecks;

observing commercial fishing activities;

assisting in island restoration and/or scientific data collection; and

reef walking at low tide.

Packages of around 10 days living aboard a vessel with one or two nights stay on Cocos Island
for up to 3 operators would result in relatively few impacts to the ecosystem. All rubbish
generated on the trips should be taken away with the vessel.

Restrictions are needed on the number of tourists accessing bird and turtle areas (pemit system)
so that the animals are not unduly disturbed. A maximum of 200 person-visits per year might
be a workable limit per idand, with lower allowable levels on islands of particular importance
(<100 on Nord, Albatross and Paul). A guide (usually the tour operator) should accompany any
tourists visiting islands to ensure that no undue disturbances occur. If overnight stays are
arranged on Cocos, it might be necessary to have a ‘lights out at 10:00pm’ policy to prevent
turtle hatchlings form being attracted to the light rather than going out to sea. Lights should
also not be allowed on the beach after dark to ensure that turtles are not discouraged from
comingashore to nest. It would, however, be possible to allow the limited use of torches to
watch the egg-deposition process once a female has started laying.
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2.8 Future investigations and monitoring

Six programmes which could not be attempted as part of this study are identified here for
further refining the management of the St Brandon Archipelago. These include:

Ciguatera;

Health of fishery stocks;

Survey and monitoring of bird populations;

Survey and monitoring of turtle populations;

Migration and life history study of commercially exploited fishes using tag and recapture
techniques;

6. Monitor effectiveness of island restorations.

The programmes are designed to identify the extent of the ciguatera problem, which
currently acts to limit catches of large fishes such as Babonne, to provide reactive
management information for the multispecies demersal fishery, monitor changes in bird and
turtle populations using the archipelago and to assess the effectiveness of island restoration.
Each of these proposals is outlined below.

1. Ciguatera

The issue of whether ciguatera is a problem at St Brandon has not yet been resolved. The
Albion Fisheries Research Centre (AFRC) expert on ciguatera, Mira Hurburgs, has in the past
carried out some preliminary tests on fish tissues collected from the archipelago using
bioassay techniques, but has been unable to confirm the presence or nature of toxicity due to
lack of testing equipment. If toxins are found at St Brandon, their identity must be
confirmed using a range of chemical, immunoassay and bioassay tests to identify the toxins
involved (there are at least 18 different types of marine food poisoning) and therefore the
management strategies which are appropriate. During a preliminary investigation of the
benthic dinoflagellate flora carried out during this survey with the assistance of Ms Hurburgs,
the species responsible for ciguatera was found to be present. The presence of dinoflagellates
alone, however, does not provide the information required to assess whether an outbreak is
occurring at St Brandon.

A programme which integrates a survey of fish tissues collected from fishes most likely to be
affected by ciguatera with a survey of toxic dinoflagellates is needed. This should be
comprehensive, involving the collection of samples in an array throughout St Brandon so
that toxic areas, if present, may be systematically identified. Samples of dinoflagellates
would be examined in the laboratory at AFRC in Mauritius, while tissue samples would be
divided between AFRC, and at least two other ciguatera testing labs (probably Hawaii and
Australia). The survey should be carried out by the AFRC expert with foreign assistance to
expand the skills and equipment base of the fisheries centre and staff. It is expected that 2-3
weeks of field time at St Brandon would be required, along with approximately 1 month of
laboratory time in Mauritius, plus the costs of overseas testing and verification. If other
banks are examined at the same time, additional sea and laboratory time will be required.

2. Health of fishery stocks

The fisheries statistics currently available for the St Brandon multispecies line and basket trap
fishery are insufficient for monitoring the health of the resource, identifying any overfishing
and reactively managing the stocks. A data collecting programme should be established
immediately to provide the information required. Information is required on a monthly or
bimonthly basis on:

e The catch per species including numbers and weights (i.e. not just total tonnage);

e Iocation in which fishes were caught;
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e Size frequency distribution (as total length or fork length); and

e Effort to catch the fish. Effort includes information for basket traps on catch per trap
per day and for line fishing on catch per person hour (including information on tackle
used).

Additional information on condition of the fishes (fat content in body cavity), reproductive
status (gonad weight) and age of fishes would provide an assessment of the growth rates, size
at maturity and reproductive outputs of fishes at St Brandon.

The information could be collected by individual fishermen who would be asked to fill out
data sheets once every 1-2 months. Regular visits by fisheries personnel could also be
conducted to collect the more specialised information on fat, gonads and aging. From these
data it would be possible to reactively manage the resource, allowing for greater catches when
the condition of the resource is good and spawning is not occurring, and recommending fewer
catches when conditions are poor. The final result is a resource which can be utilised to its
full extent without damage.

3. Survey and monitoring of bird populations and
4. Survey and monitoring ‘of turtle populations

These two programmes could be undertaken on a regular basis to examine the long term
condition of the birds and turtles on the islands andto quickly identify damage to the populations
should problems arise. Monitoring could include not only densities of birds, but also stages of the
breeding cycle, numbers of eggs and chicks, levels of mortality andsite preferences.

5. Migration and life history study of commercially exploited fishes using tag and recapture
techniques

One of the important issues regarding the fishery stocks on St Brandon is the extent to which
fishes of the various species migrate out to the ocean from the lagoon, between lagoons, in
the St Brandon Sea and beyond. An extensive tag and recapture programme could be set up
for the species of commercial importance by capturing fishes in basket traps, tagging them
individually and then instructing the fishermen to record the details of any fishes recaptured,
including their location at recapture. Many thousands of fishes would need to be tagged.

6. Monitor effectiveness of island restorations
A final programme suggested here is to monitor any islandsto be restored to examine the
effectiveness of the restoration. This might include surveys of birds and turtles on islands that

have had exotic species (e.g rats) removed and guano diggings levelled. The information
gathered during this study will assist with future restorations and identify techniques which work.
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2.10 Appendices
2.10.1 Natural history of the main fish species exploited

Lethrinidae (emperors) such as Capitaine and Dame berri

Members of the family Lethrinidae have a wide Indo-Pacific distribution with 26 known
species, almost all of which occur along the east African coast (van der Elst, 1990). They
tend to occupy the midwater near coral and rocky reefs occupying the sandy fringe. They
forage on sand-dwelling invertebrates such as gastropods, polychaetes, crabs, prawns and
chitons. The larger species are also fish predators (Randall et al. 1990). Many lethrinids are
nocturnal and spend daylight hours sheltering among coral or in sandy crevices. The flesh of
fishes in this family is conseidered excellent eating and they are often prized and exploited by
fishers in tropical regions.

Lethrinius nebulosis (Capitaine, spangled emperor)

This species is found throughout the tropical Indo-Pacific region inhabiting coral and rocky
reefs, from very shallow to 50m depth. L. nebulosus inhabits nearshore and offshore coral
reefs, lagoons, seagrass beds, mangroves and coastal sand and rocky areas to a depth of 75m
(Carpenter and Allen, 1989). The fishes form small, loosely packed schools suspended above
the reef. The diet is mostly of small crabs, marine worms, and molluscs, but organisms such
as mantis shrimps, small shrimps, crab larvae and juvenile fishes are also eaten (Table 1 and
van der Elst, 1990). First sexual maturity is reached during the fourth year at a length of 50-
60cm. Carpenter and Allen (1989) reported that mean age to sexual maturity for males was
between 3 and 4.6 years and females between 4 and 5.9 years. Spawning occurs primarily
during March-July with larvae being distributed widely (van der Elst, 1990) and a larval life of
37 days (Carpenter and Allen, 1989). This species grows to 86cm (Randall et al. 1990).
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Gut contents and length and weight data for Lethrinus nebulosus and L. mahsena captured by hand lining in
the St Brandon Sea 21/5/97.

Lethrinus mahsena (Dame berri)

The species is distributed in the Western Indian Ocean including the Red Sea and east Africa
to Sri Lanka (Carpenter and Allen, 1989). It inhabits coral reefs and adjacnet sandy and
seagrass areas to depths of 100m, feeding primarily on echinoderms (urchins), crustaceans,
and fishes. Smaller quantities of molluscs, tunicates, sponges, polychaetes and other worms
are also eaten. L. mahsena has been oberved at Saya de Malha to be a protogynous
hermaphrodite (Carpenter and Allen, 1989). The size at first maturity for females appears
to be 25cm and males 30cm (MRAG, 1996) with few females exceeding 35cm (8 years) and
few males smaller than 20cm (3 years). Sex reversal appears to occur at 5-6 years of age.
The maximum size reported is 65cm in total length, though it is commonly captured at a
length of 35-45cm. Spawning occurs between October and Februaury. The average weight
and length of this species from Saya de Malha Bank has apparently declined, indicating the
species might be over-exploited there (MRAG, 1996). No evidence or over-exploitation was
noted at Nazareth Bank.

Scaridae (parrot fishes)

Parrotfishes are herbivorous fishes feeding mostly on benthic algae which they scrape from
rock along with some of the limestone (Randall et al., 1990) making them one of the major
sediment producers in tropical and subtropical seas. A few of the larger species partially also
feed on live coral. Members of this family may be found in a juvenile phase plus two mature
colour phases, the initial phase (IP) which may be female or hermaphrodite, and the terminal
phase (TP) which is male. Individuals alter their sex and change colour when they change to
the TP.
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Scarus ghobban (Cateaux)

This species has an Indo-Pacific and tropical Eastern Pacific distribution. It occurs on
shallow reefs and adjacent sandy areas of lagoon and bays and is found in siltier environments
than other species. The species reaches 75cm in length.

Serranidae (groupers, rock cods, sea basses, coral trout) (Babonne)

There are more than 320 species grouped in this family world wide, most in tropical and
subtropical regions (van der Elst, 1990). They are an important group of carnivorous fishes
varying in size from 10-300cm and may be the most important predators on a reef. Most, if
not all, are protogynous hermaphrodites (starting life as females and converting to males).
They are regarded as excellent food fishes throughout the world.

Plectropomus laevis

This species occurs in two distinct colour pahses, one white with 5 brown triangular bars on
the head and body with yellow fins and the other reddish brown with blue spots and much less
conspicuous bars. P. laevis is Indo-Pacific in its distribution (except Red Sea). It feeds
mainly on reef fishes reaching at least 100cm in length. This species is susceptible to
accumulating the ciguatera toxins and is often severly controlled as a food fish.

Siganidae (rabbitfishes)

There are ten known species of rabbitfishes world-wide, and are closely related to
surgeonfishes (Acanthuridae). The spines of these fishes are toxic resulting in painful stab
wounds if mishandled. Rabbitfishes are herviborous on algae and though not considred a
delicay, are an important protein source in many parts of the Indo-Pacific.

Siganus sutor (White-spotted rabbitfish) (Cordonnier)
This is a schooling fish of shallow, tropical waters. They are browsers. feeding of filamentous

seaweeds, and eelgrasses with their assocoaited epifaunas (van der Elst, 1990). Juveniles feed
primarily on diatoms. Maximum size is 45 cm (Opic et al., 1994).
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2.10.2 Preliminary list of common species found at St Brandon
Archipelago (including Albatross and North Islands)

Terrestrial Habitats
B = bones, T = tracks, I = introduced, N = native, * = flying over island, # mangrove.
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Marine Habitats

Family

Fishes

Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Apogonidae
Aulostomidae
Balistidae
Balistidae
Balistidae
Balistidae
Balistidae
Balistidae
Balistidae
Balistidae
Blenniidae
Blenniidae
Blenniidae
Blenniidae
Caesionidae
Carangidae
Carangidae
Carangidae
Carcharhinidae
Carcharhinidae
Chaetodontidae
Chaetodontidae
Chaetodontidae

Chaetodontidae:

Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae

Genus

Acanthurus
Acanthurus
Acanthurus
Acanthurus
Acanthurus
Acanthurus
Ctenochaetus
Ctenochaetus
Ctenochaetus
Naso

Naso

Naso

Naso

Naso
Zebrasoma
Zebrasoma
Apogon
Aulostomus
Abalistes
Ballistoides
Ballistoides
Pseudobalistes
Rhinecanthus
Rhinecanthus
Sufflamen
Sufflamen .
Escenius
Escenius
Meiacanthus
Plagitremus
Caesio
Carangoides
Caranx
Trachinotus
Carcharhinus
Carcharhinus
Chaetodon
Chaetodon
Chaetodon
Chaetodon
Chaetodon
Chaetodon
Chaetodon
Chaetodon
Chaetodon
Chaetodon

Species

gham
leucosternon
nigricaudus
nigroris
triostegus
xanthopterus
binotatus
striatus
strigosus
brevirostris
hexacanthus
lituratus
unicornis
vlamingi ?
desjardini
scopas

sp.

chinensis
stellaris
conspicillum
viridescens
Sfuscus
aculeatus
rectangularis
chrysoptera
sp.

lineatus
schroederi
sp. nov.?
tapiensoma
sp.
Sfulvoguttatus

melampygus
botia

albimar ginatus
melano pterus

auriga
gutattissimus
kleini
lineolatus
lunula
melannotus
meyeri
trifascialis
trifasciatus

unimaculatus

1
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Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chateodontidae
Chateodontidae
Cirrhitidae
Cirrhitidae
Ephippidae
Ephippidae
Fistulariidae
Ginglymostomatidae
Gobiidae
Gobiidae
Gobiidae
Gobiidae
Gobiidae
Haemulidae
Haemulidae
Holocentridae
Holocentridae
Holocentridae
Kyphosidae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae

Chaetodon
Chaetodon
Chaetodon
Forcipiger
Heniochus
Heniochus
Heniochus
Paracirrhites
Paracirrhites
Platax
Platax
Fistularia
Ginglyostoma
Amblygobius
Bryaninops
Cryptocentrus
Lotilia
Valenciennea
Diagramma
Plectrorhynchus
Mpyripristis
Neoniphon
Sargocentron
Kyphosus
Anampses
Anampses
Bodianus
Bodianus
Bodianus
Cheilinus
Cheilinus
Cheilinus
Cheilinus
Cheilinus
Cheilinus
Cheilinus
Cheilinus
Cheilio
Cirrhilabrus
Cirrilabrus
Coris

Coris

Coris
Epibulus
Gomphosus
Halichoeres
Halichoeres
Halichoeres
Halichoeres

vagabundus
xanthoce phalus
zanzibarensis
Mavissimus
acuminatus
monoceros
varius
arcatus
forsteni
orbicularis
sp.
commersoni
cirratum
hectori

sp.
cryptocentrus
gracilosa
puellaris
pictum

picus

sp.

sammara
spiniferum
sp.
caeruleopunctatus
twisti
axillaris
hirsutus
perditio
abudjubbe
bimaculatus
celebecus

¢f fasciatus
chlorurus
diagramma
oxycephalus
trilobatus
inermis
piscilineata
sp.

aygula
caudimaculata
gaimard
insidiator
caeruleus
cosmetus
hortulanus
marginatus
scapularis
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Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Lethrinidae
Lethrinidae
Lethrinidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Malacanthidae
Microdesmidae
Microdesmidae
Microdesmidae
Microdesmidae
Microdesmidae
Microdesmidae
Microdesmidae
Mobulidae
Monacanthidae
Monacanthidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Murenidae
Nemipteridae
Ostraciidae
Plesiopidae

Halichoeres
Halichoeres ?
Hemigymnus
Hologymnosus
Labrichthys
Labroides
Labroides
Novaculichthys
Pseudodax
Pseudojuloides
Pterogogus
Stethojulis
Stethojulis
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Thalassoma
Lethrinus
Lethrinus
Lethrinus
Aprion
Lutjanus
Lutjanus
Lutjanus
Lutjanus
Macolor
Malacanthus
Amblyeleotris
Amblyeleotris
Nemateleotris
Ptereleotris
Ptereleotris
Ptereleotris
Ptereleotris
Manta
Aluterus
Paraluteres
Mulloides
Parupeneus
Parupeneus
Parupeneus
Parupeneus
Parupeneus
Parupeneus cf
Gymnothorax
Scolopsis
Ostracion
Calloplesiops

sp.
cosmetus ?
fasciatus
annularis
unilineatus
bicolor
dimidiatus
taeniurus
moluccanus
sp.
flagelliferous
albovittata
strigiventor
amblycephalum
commersoni
genivittatum
hardwicki
lunare
mahsena Dame berri
nebulosus Capitaine
olivaceous

virescens

bohar

Sulviflamma

kasmira

monostigma?

niger

brevirostris

¢f phalaena

semicinctus

magnifica

evides

heteroptera

microlepis

moneptera

birostris

scriptus

prionurus

flavolineatus

barberinus

bifasciatus

cyclostomus

macronema

spilurus

ciliatus

¢f meleagris

frenatus

cubicus

spl
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Plotosidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pseudochromidae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scombridae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serrannidae
Siganidae
Sphyraenida
Syngnathidae

Plotosis
Centropyge
Centropyge
Centropyge
Holacanthus
Pomacanthus

Pomacanthus

- Abedefduf

Amphiprion
Chromis
Chromis
Chrysiptera
Chrysiptera
Chrysiptera
Dascyllus
Dascyllus
Dascyllus
Paraglyphidodon
Plectroglyphidodon
Plectroglyphidodon
Pomacentrus
Pomacentrus
Stegastes
Stegastes
Pseudochromis
Cetoscarus
Hipposcarus
Scarus

Scarus

Scarus

Scarus

Scarus

Scarus

Scarus
Gymnosarda
Cephalopholis
Epinephelus
Epinephelus
Epinephelus
Epinephelus cf
Monotaxis
Plectropomus
Plectropomus
Plectropomus
Variola
Pseudoanthias
Siganus
Sphyraena
Corythoichthys

lineatus
bispinosus
heraldi
multispinis
trimaculatus
imperator
semicirculatus
sexfasciatus
chrysogaster
nigrura
viridus
annularis
rex

talboti
carneus
trimaculatus
aruanus
melas

dickii
lacrymatus

caeruleus / pulcherrimus

pikei

limbatus
pelicieri

sp.

bicolor
longiceps
atropectoralis
dimidiatus
ghobban
ovifrons
sordidus
strongylocephalus
tricolor
unicolor
nigripinnis
chlorostigmus
fasciatus
merra

tukula
grandoculus
laevis
pessuliferus
punctatus
lauti

evansi

sutor

sp.

sp.
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Syngnathinae Doryramphus excisus excisus

Tetraodontidae Arothron nigropunctatus
Tetraodontidae Arothron sp.
Tetraodontidae Canthigaster solandri
Tetraodontidae Canthigaster valentini
Zanclidae Zanclus cornutus
Algae Caulerpa sp.
Jania sp.
Symploca Sp.
Halimeda discoidea
Halimeda microlobata
Halimeda macroloba
Halimeda monile
Halimeda opuntia
Halimeda sp.
Peyssonelia sp.
Corals Acropora ¢f divaricata
Acropora digitifera
Acropora humilis
Acropora hyacinthus
Acropora lutkeni
Acropora nasuta
Acropora polystoma
Acropora selago
Acropora Isopora  pallifera
Stylophora pistillata
Astreopora sp
Cyphastrea massive
Favia sp.
Favia steligera
Acropora monticulosa
Goniopora sp
Heliopora caerulea
Hydnophora microconos
Lobophyllia sp
Mussids
Lobophyton
Millepora
Montipora aequituberculata
Nephtys
Pavona minuta
Platygyra daedaela
Pocillopora damicornis
Pocillopora edyouxi
Pocillopora verrucosa
Porites lutea
Porites rus
Porites sp
Pavona
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Sarcophyton

Acropora latistella
Favites
Sarcophyton
Stylophora pistillata
Favia stelligera
Turbinaria sp.
Zooanthids
Sponges Digitate black
Foliose basket grey sp2
Foliose grey spl
Sea cucumbers Bohadshia marmorata
Holothuria atra
Stichopus chloronotus
Thelenota ananas
2.10.3 Graphs showing patterns of distribution and abundance of
fishes, corals and algae at St Brandon Archipelago

Transect data on corals, algae and fishes
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Hipposcarus longiceps Lethrinus nebulosus (Capitaine)
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2.10.4 Priorities for improving damaged habitats and resources -
Restoration

Actions recommended for island restorations at St Brandon were discussed above. here we
prioritize the order of islands to be restored (based on preservation of vulnerable or
important nesting areas) for protected and inhabited islands.

Protected Islands Inhabited Islands
1 Albatross 1 Cocos
2 Poulailler, Puits a Eau, (Raphael) 2 Avocaire
3 Fregate 3 Sud
4  Pearle 4  Raphael
5 Sirene
6 to Sud
2.10.5 Summary of site details for primarily marine assessments

and surveys undertaken by Kaly, Pillay and Rumjeet.

Site # Date Location

1 near Grande 83 Vv

2 near Albatross Reef'terrace 167 v v

3 Albatross Island & Shallow v

4 Island v

5 North of Paul s v v v v
6 West of Nord Reefterrace 125 v v v
7 Nord 1 v

8 Eastemreef Reefterrace 84 v vy _v
9 Grande Pass 5 Vv

10 First 5 v v v v
11 Petite L'Americain St Brandon Sea 11 v v

12 First 7 v Vv

13 Westernreef Crest St Brandon Sea 4 v

14 West of Avocaire St Brandon Sea 6.1 Vv

15 NE of Avocaire 4 v v v v
16 Avocaire Island Y

17 Third 3 v v

18 Third Baclereef | A

19 West 2 v

20 North of St Brandon Sea 12 v

21 North St Brandon Sea 5 v v _ v
22 South of 4 v v

23 Cocos Island Island v

24 East of Zozo Pose Backreefandreefcrest v

25 North of Zozo Pose shallow St Brandon Sea s v v v Vv
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All photographs by Jan C. Post
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