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A BRIEF GEOGRAPHICAL AND HYDROGRAPHICAL STUDY OF BAYS AND ESTUARIES
THE COASTS OF WHICH BELONG TO DIFFERENT STATES

BY COMMANDER R. H. KENNEDY

(Preparatory document No. 12) *
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app]jcable to tht?m ”, A similar difficu.lty. was expe-
renced in drafting article 13 (Delimitation of the
rerritorial sea at the mouth of a river) and, as the com-
ment on paragraph 2 of that article ma.lkqs clear, the rule
contained in article 13 is, due to a similar lack of the
pecessary data, confined to cases where the coasts of an

estuary belong to a single State.

The purpose of the present study is, therefore, to
provide a brief geographical and hydrographical descrip-
tion, together with maps, of bays and estuaries the
coasts of which belong to different States. It is hoped
that, by so doing, the Conference might have suificient
data upon which to base a broader formulation of the
relevant rules.

It will be apparent from the study that it does not
pretend to comprehend all such bays and estuaries
throughout the world ; nor are those included necessa-
rily suitable for navigation. However, within practical
limits, each bay or estuary is described in its essential
features and references are given to assist in a more
detailed examination should it be required. The
references are to Charts and Sailing Directions published
by the Hydrographic Department of the British
Admiralty ; when using the Sailing Directions (Pilots),
their latest supplements should also be consulted.
Miles referred to in the descriptions are sea miles, each
constituting one sixtieth of a degree of latitude at the
place being described. Special regulations regarding
navigation, etc. in the few places where they are known
to exist have been included ; in the others it has been
assumed that the only rules which apply are those
customary for “innocent passage .

The configuration of the coasts on the sides of
certain bays or gulfs may affect the size of any area
lying between the belts of territorial sea therein. The
arcs of circles from the prominent points on the coast,
or from certain features which dry between tides, control
the limits of these belts. They may thus reduce the
separation of the limits from a distance equal to the
maximum width of the bay less the sum of the breadths
of the belts of territorial sea.

Although these are primarily physical studies, the
Positions of international boundaries, either as termi-
Dations of the land boundaries or those through the sea,

ave been mentioned ; these positions, where given,
must, however, be considered as approximate only. No
tomments or suggestions have been offered regarding
seeas C%I}lltlnuatioq of the land boundaries to the high
concid ese studies should prove useful examples for the
‘Onsideration of wider problems of bays and estuaries

In general if the existence of the state boundaries be
neglecteq,

L AFRICA

L .
W?terway at 11°N. ; 15°W. (approx.) between French
Winea and Portuguese Guinea (Annex, map No 1)

Referenccs: Chart No. 600

Africa Pilot, Volume I, Eleventh Edition, 1953

T : -
Iandheboarea In the vicinity of the position where the
undary between Portuguese and French Guinea

meets the sea is low and swampy and, as it lies in the
proximity of the deltas of several rivers, is liable to
change in configuration ; the chart is based on an old
survey and the scale is small ; exact present-day details
are not available.

As charted, the terminus of the land boundary is on
the north side of the River Tristao, a creek about three-
quarters of a mile wide, running in a north-west, south-
east direction. This creek joins the Kasset River to the
mouth of the River Camponi and separates Aube Island
from the mainland ; it is about 8 miles long. The Kasset
River, flowing past the northern end of Aube Island, is
the southern end of the creek separating Katak Island
from Aube Island and the mainland ; it is nearly a mile
wide.

Katak Island and the mainland northward and east-

ward of it are Portuguese territory; Aube Island is
French.

The approach to Kasset River is eastward of Sene
and Samba, two sandy islets joined by a drying bank,
between 614 and 3 miles south-westward of Katak
Island, and westward of the breakers which extend up
to 8 miles south-westward of Aube Island. Depths in
this approach are charted between 114 and 41/ fathoms,
but no depths are shown in the Kasset or Tristao Rivers
or in the south-eastern approach to the latter.

About 15 miles south of Sene Islet lie Alcatraz Islet
and Reef; the islet is a small volcanic rock, 40 feet
high. A little over a mile south-westward of this islet,
Wreck Islet is charted ; this was reported in 1904 to
have disappeared and a depth of 2 fathoms was obtained
in its position. The reefs and fould ground extend 7
miles south-westward from Alcatraz Islet and are known
as Alcatraz Reef.

Conflict Reef, with numerous rocky and sandy dan-
gers, some above water and others below, lies 19 miles
south-eastward of Alcatraz Islet and about the same
distance southward of the south-eastern end of Aube
Island. No soundings are charted between.

There is no entry or anchorage for ships of any size
in the River Tristao.

As no detailed survey has been made of the area,
there may be many undiscovered dangers there.

2. Estoary of the Kunene River (Annex, map No 2)

References : Chart No. 1806
Africa Pilot, Part 11, Tenth Edition 1951

The Kunene, or Cunene, River separates Angola from
South West Africa. Near its mouth, it passes through a
sandy desert region which is almost rainless, although
at times there are heavy dews. It only reaches the sea
during the inland rainy season, at other times it is
effectually barred by a sandbank on which the sea breaks
furiously. The coasts on both sides of the mouth are
comparatively straight, but in its immediate vicinity
there is a slight inward curvature over a distance less
than 5 miles with a penetration from the general line
of less than a mile. Roughly half the coastline of the
indentation is Portuguese. The area is uninhabited and
there are no navigable channels. Great caution is neces-
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sary in navigating near the coast as the surveys are very
imperfect.

3. [Estuary of the Kolente or Great Skarcies River
(Annex, map No 3)

References : Charts Nos. 601, 686
Africa Pilot, Part I, Eleventh Edition, 1953

This estuary may be considered to lie between
Sallatuk Point in French West Africa and Ballo Point
in Sierra Leone, about 1514 miles south-south-eastward.
The coast is low, fronted by trees and mangroves and
is cut into by many creeks. The Great Skarcies and
Little Skarcies, or Kabra, River enter the estuary at its
south-eastern end. From the mouth of the latter, the
coast trends 1714 miles north-westward to Sallatuk Point
and 71 miles westward to Ballo Point. The whole of
the area is shoal and is cluttered with drying mudbanks,
the natures of which are continually changing. There
are many breakers in the area. Yelibuya Island, low and
about 3 miles across, lies close offshore about 5 miles
south east of Sallatuk Point ; Kortimaw Island, with an
extensive drying bank seaward of it, lies 314 miles
further south-eastward, with an islet between it and the
coast north-eastwards. In 1933 there was an above-
water mudbank 3 miles south-westward of Kortimaw
Island ; the drying portion of this bank extended 2 miles
westward and nearly 3 miles south-westward. The main
entrance channel to the rivers allows access to small
craft of 9-foot draught; it lies between Yelibuya and
Kortimaw Islands and thence between the latter and the
coast. Another channel leads between Kortimaw Island
and Ballo Point, an extensive bar of shoals, shifting
sand and mud, renders it difficult of access.

The boundary between Sierra Leone and French West
Africa follows the Kolente River for a considerable way
but, before reaching the estuary, branches westward to
meet the coast about a mile south-eastward of Sallatuk
Point.

4. The mouth of the Manna, or Mano, River
(Annex, map No 4)

References : Charts, Nos. 1363, 2478
Africa Pilot, Volume I, Eleventh Edition, 1953

The boundary between Sierra Leone and Liberia
reaches the sea at the mouth of the Manna, or Mano,
River. The coast on both sides is comparatively straight,
and runs in a general north-westerly and south-easterly
direction for a number of miles. For the last 214 miles
of its journey, the river flows north-westwards parallel
to the coast and is separated from the sea by a narrow
strip of tree-covered sand. The mouth of the river is, in
effect, closed, and breakers extend around its mouth.
The remains of an old factory can be seen near the
mouth.

5. Tana River (Annex, map No 5)

References : Chart No. 1359
Africa Pilot, Volume I, Eleventh Edition, 1953

The boundary between Ghana and French West

Africa follows the Tana River to the Tana or Tendg
Lagoon, the northern coast of which is French territory,
and the eastern end of the southern coast is the territg

of Ghana. The French boundary crosses the lagoon ip
a southerly direction to meet the land boundary which
crosses the low spit, about 114 miles wide, separating
the lagoon from the sea, in a southerly direction, tq
reach the coast close west of the village of Newtown,

The sea coast is comparatively straight for many
miles. Access to the lagoon from the sea is aboyt
7 miles west of Assini, situated 1214 miles west of
Newtown. Owing to the nature of the bar there, passage
into the lagoon is only possible during the Harmattap
season.

6. Cavally River (Annex, map No 6)

References : Charts, Nos. 1980, 1365
Africa Pilot, Volume I, Eleventh Edition, 1953

The “thalweg” of the Cavally River forms the
boundary between Liberia on the west and French West
Africa on the east. The river, about 100 yards wide only
on its entrance to the sea, cuts at right angles through
a straight length of coastline about 9 miles long, which
at both ends bends away in a convex curve. The entrance
to the river is between two sandbanks about 20 feet high,
There are submerged rocks about a quarter of a mile
offshore and three-quarters of a mile south-westward of
the entrance.

It is reported that the river can be navigated by small
power vessels for about 50 miles ; the entrance channel,
however, is constantly changing, and its bar has the
reputation of being the most dangerous on the coast;
surf boats are often capsized and many lives lost
annually. Vessels can anchor in depths of 7 to 9 fathoms
about a mile south of the entrance. There is a French
customs house close to the entrance.

7. Estuary of the Rio Muni (Annex, map No 7)

References : Charts, Nos. 1356, 1887
Africa Pilot, Part II, Tenth Edition, 1951

The “thalweg” of the Rio Muni where it enters the
sea forms the boundary between Spanish Guinea and
French Equatorial Africa. The Rio Muni flows into the
north-east corner of Corisco Bay, and the River Mondah
into the south-east corner. This bay has amn entrance
33 miles wide and a penetration inland of 17 miles. The
coast at the north-east corner of the bay is roughly 18
the shape of a semi-circle with a diameter of 123 miles;
the Rio Muni enters through the south-eastern side. The
breadth across the mouth of the river is about a mi®
Within about 514 miles south-westward of the mquth
are the two Spanish islands of Elobey. Isla de Comsc
lies midway between the entrance points of Corisco BaJ-

Depths in the bay are for the most part shallow, with
the exception of the approaches to the two rivers; :
approach to Rio Muni has a least depth of abou[
4 fathoms and runs in a straight line, passing abollt
2+ miles south of the southernmost point of the 0%
at the northern end of the bay; the approach t0 the



Document A/CONF.13/15

201

River Mondah passes north and east of Isla de Corisco;
poth these channels are buoyed.

Other islets in the bay are : Leva, about a mile south
of Isla de Corisco ; Conga, with a small drying rock half
o mile south-westward, 334 miles south-south-eastward
of Isla de Corisco; Bane, with detached drying banks
up to 134 miles eastward and 23/ miles north-eastward,
about 5V miles south-east of Isla de Corisco. Other
drying banks are : Banc Acanda, 114 miles north of the
western entrance point of River Mondah; Recife
Buyumba, about 115 miles offshore and about
1014 miles east of Isolote Bane; a bank and reefs
extending 114 miles south of Isla Elobey Chica and
about a mile east of Isla Elobey Grande; and Piedra
Ugoti, about 11/ miles offshore westward of Punta
Corona, at the north-western end of the bay.

Both the whole of Corisco Bay and the bay forming
its north-eastern end formed between Punta Mosquitos
and Pointe Elobey conform to the International Law
Commission’s definition of a “bay” in article 7 of the
1956 report. About a fifth of the coastline of this
smaller bay is French ; about a third of the coastline of
the whole of Corisco Bay (excluding that of the islands
and islets) is Spanish.

There are no ports in the bay; there are anchorages
off the various settlements in the rivers.

8. Estuary of the Congo River (Annex, map No 8)

References : Charts, Nos. 604, 638
Africa Pilot, Part II, Tenth Edition, 1951

The river Congo flows in a westerly direction to its
mouth ; the northern side is Belgian territory and the
southern is Portuguese. For the purpose of this
description the estuary will be considered as seaward of
a line joining Pointe Bulabemba on the northern bank
to the entrance to the Rio do Fuma-Fuma on the
southern bank, about 23/ miles southward. The northern
side comprises the entrances to two creeks lying between
Pointe Bulabemba and Pointe Francaise about 23/ miles
west-north-westward, thence the south-west coast of
Presqu’ile de Banana which continues in a north-
westerly direction for 23 miles to Ponta N’gelo, near
which is the boundary with the Portuguese territory of
Cabinda. The southern side continues in a westerly
direction from the mouth of the Rio do Fuma-Fuma for
8 miles, thence turns north-north-eastward for 214 miles
to Ponta do Padrao, whence it turns abruptly south-
westwards for 414 miles to Ponta da Moita Seca. Thus,
the entrance to the estuary between Ponta N’gelo and
Ponta da Moita Seca is 25 miles wide; the width
between Ponta do Padrao and the low-water line of
Pointe Frangaise is 51 miles, and the breadth south-
ward of Pointe Frangaise is 414 miles. The penetration
inland from the line joining the entrance points is about
11 miles.

There are no islands in the estuary; drying banks
close to the low-water line of the coast are charted off
the mouth of the Rio do Fuma-Fuma, and in the mouths
of rivers 234 and 5 miles westward of that river; their
outer edges do not lie more than half a mile offshore.
The low-water line of Pointe Francaise is situated nearly

alf a mile southward of that point.

Depths from the coast graduate to the 10-fathom
contour, and then descend abruptly into a deep gully
running eastward from ocean depths right into the
entrance to the river; depths in this gully, inside the
estuary, exceed 300 fathoms in places.

Vessels approaching from mnorth-westward should
keep at least 514 miles off the shore north of the river
entrance until within about 3 miles of Ponta do Padrao,
when course may be shaped for the river mouth. Beyond
a position south-eastward of Pointe Frangaise, the River
Congo is well buoyed.

On the northern side the principal port in the
estuary is Banana, in the creek east of Presqu’ile de
Banana, where there is anchorage in 3 fathoms and a
wharf ; there is a bar to cross with 18 feet of water over
it; tidal streams are very strong. It is a pilot station for
the River Congo. Vessels bound to and from ports in
the Belgian Congo must enter or clear there and pass
the health officer. On the southern side is the Portuguese
port of Santo Antonio do Zaire, the principal town of
the district. It lies about three-quarters of a mile within
a creek south-east of Ponta do Padrao. There is a bar
with only 7 feet of water over it and the river current
flows strongly across the entrance.

Vessels awaiting daylight to make the entrance can
find good anchorage one to two miles off Ponta da
Moita Seca, also half a mile off shore south-west of
Ponta do Padrao and 23/ miles west of Pointe Frangcaise.

9. Mouth of the Orange River (Annex, map No 9)

References : Charts Nos. 897, 632
Africa Pilot, Part II, Tenth Edition, 1951

The Orange River, near its mouth, separates South
West Africa, on its western and northern sides, from the
Union of South Africa. The river, within its mouth, is
over a mile wide but is full of ready islets; in the dry
season shoals and sandbanks are everywhere visible in
its channel. The river breaks through a long sandy spit
to reach the sea; its mouth is only about 175 yards
wide, and the sea breaks right across it. For many miles
north-westward of the entrance, the coast is comparative-
ly straight and sandy. This nature continues south-east-
ward for about 2 miles when the coast is fronted by
drying rocky ledges. About 7 miles from the mouth, the
coast turns from its general south-easterly trend to a
south-south-westerly direction for 2 miles to form
Peacock Roadstead, where it is reported that some
shelter from the swell and the prevailing south-south-
westerly wind may be obtained. The boundary is the
north and west bank of the River.

Oo. AMERICA
1. Passamaquoddy Bay (Annex, map No 10)

References : Chart No. 464

Nova Scotia and Bay of Fundy Pilot, Ninth
Edition, 1947

The boundary between the United States of America
and Canada passes through Passamaquoddy Bay to the
sea. The entrance to the bay lies between West Quoddy
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Head and Bliss Island, 13 miles north-north-eastward,
and is obstructed by Campobello and Deer Islands, both
large, and by numerous smaller islands and dangers. The
penetration inland of the bay varies between about 10
and 18 miles.

There are three navigable approaches to the inner part
of the bay which gives access at its north-western end
to the St. Croix River, down which the boundary runs,
viz (1) between the coast north-westward of West
Quoddy Head and the south end of Campobello Island,
thence between the latter island and Moose Island,
thence between the latter island and the south-western
end of Deer Island; (ii) north of Campobello Island,
thence between that island and the east coast of Deer
Island and then between the south-west coast of the
latter and Moose Island; (iii) between Macmaster
Island, with the islets and dangers south-eastward, all
lying northeast of the northern end of Deer Island, and
the mainland coast further north-eastward. Least depths
in the fairways of these channels are: (i) dredged to
12 feet over a width of 500 feet; (ii) 17 fathoms ; and
(iii) 434 fathoms. Local knowledge is essential for the
navigation of (i) and (iii) for, besides being narrow,
these fairways are tortuous and the tidal streams are
strong. The rise and fall of the tide is about 20 feet.
In general, depths in the middle of the main part of
Passamaquoddy Bay are between about 10 and 24
fathoms.

At the south-western end of the bay, south of Moose
Island, is the only entrance to Cobscook Bay and several
other irregular-shaped bays cluttered with islands.

Small ports within the area are: On the United
States side— Lubec, opposite the south-west end of
Campobello Island and Eastport on the south-east of
Moose Island. On the Canadian side — St. Andrews, on
the south-east side of the entrance to St. Croix River;
Chamcook Harbour, about 3 miles north of St. Andrews;
Welshpool, on the western side of Campobello Island ;
and Lords Cove on the north-eastern side of Deer Island.

Very approximately, about a third to a half of the
coastline of the bay is United States territory (excluding
that of the islands).

The Wolves, a group of five islands and a number of
rocks, front the entrance to the bay towards the northern
end. The southernmost is situated approximately
12 miles north-east of West Quoddy Head and the
northern about 614 miles east of Bliss Island and
414 miles offshore.

The sum of the lengths of possible closing lines
between West Quoddy Head-Campobello Island-
Bliss Island could be 8 miles. The bay conforms to the
Law Commission’s definition in article 7 of the 1956
report.

The sum of the lengths of possible closing lines
between West Quoddy Head -Wolves-Bliss Island
total about 19 miles, and so the bay in this case would
fall outside that definition.

The boundary from the St. Croix River passes in a
straight line to the passage between Deer Island and the
American coast, thence about midway between that
island and Moose Island; after which it continues in
straight lines about midway between Moose Island and

the southern end of Campobello Island, to continue be-
tween the south-western end of the island and the
mainland coast to the Bay of Fundy. About midway
between the coast of Campobello Island and Grand
Manan Island, it turns south-westward and then runs
midway between the latter island and the United Stateg
coast.

The boundary lines towards the south-west end of
Campobello Island were established after consideration
of the fishing and other interests of the two States and
do not form a median line or “thalweg”. The navi-
gable part of the channel at one place is on the United
States side of the boundary.

2. Gulf of Honduras (Annex, map No 11)

References : Charts, Nos. 1573, 1219
West Indies Pilot, Volume I, Tenth Edition, 1941

The Gulf of Honduras at the western end of the
Caribbean Sea is about 50 miles across at its entrance
and penetrates about 46 miles. At the south-westem
end is Honduras Bay, roughly rectangular in shape, with
an entrance 1214 miles across between Cape Three
Points and Orange Point and a penetration of 121/ miles
in a south-westerly direction and about 20 miles in 2
southerly direction. The boundary between British
Honduras and Guatemala is the River Sarstoon, which
enters the bay on its western side about 12 miles south-
westward of Orange Point. From Cape Three Points the
coast trends in a straight line south-eastward for about
33 miles, then turns abruptly north-eastward for
27 miles. About 21 miles south-east of Cape Three
Points, the Rio Moncagua enters the sea; this is the
boundary between Guatemala and Honduras.

Fronting the coast of British Honduras up to 2
distance of about 5 miles off shore for a distance of
18 miles north-eastward of Orange Point are a number
of sand cays and shoals. Depths in the bay shoal from
about 12 fathoms in the middle gradually to the shore.
A dangerous spit extends about 714 miles off shore from
a position 7 miles south-south-eastward of Cape Three
Points. There are several detached shoals charted.

From a position about 17 miles north of the mouth of
the Rio Moncagua, a string of sand cays, reefs and
dangers extends north-north-eastwards and northwards
to front the coast of British Honduras up to 20 miles off-
shore. The main shipping tracks to Honduras Bay and
northwards to Belize and other ports of British Honduras
pass between the cays and dangers on the northern side
and the mainland southward.

The coast trends south-eastwards from the mouth of
the Rio Moncagua for about 6 miles and then turh
north-eastward to Omoa Harbour. The distance from h¢
mouth of the river to the harbour is 15 miles, but thz
bight does not conform to the definition of a “bay
in the Law Commission’s 1956 report.

There are no islands or drying features in Hondurzz
Bay nor in the vicinity of the coast near the mouth
the Rio Moncagua.

Guatemalan ports within Honduras Bay aré P.Oﬂ
Livingstone at the entrance tot the River Dulce, le2 et
to an extensive lake — vessels drawing more than



Document A/CONF.13/15

203

sor off ; Santo Tomas, in a small bight in the south-
past coTmer of the bay, has a channel dredged to 30 feet
pading 0 2 wharf ; Puerto Barrios, in the same bight,
s a pier with a berth of 25 fect alongside.

The coastline of Honduras Bay measures very
appmximat&ly about 70 miles, out of which about 14
niles are in the territory of British Honduras.

3. Gulf of Fomseca (Annex, map No 12)

References : Charts, Nos. 1960, 1049

West Coasts of Central America and United
States Pilot, Sixth Edition, 1950

The entrance to this gulf lies between Punta
Cosequina on the south and Punta Amapala, &9 miles
porth-westward., The gulf is shaped somewhat like that
of a hand with “fingers” formed by a bay in which
is Puerto La Union, Bahia Cismuyo, Bahia San Lorenzo
and the “thumb” by the indentation in which is
Moneypenny Anchorage and into which the Negro
River, Estero Blanco and Estero Real flow. The
penetration inland from the line joining the entrance
points to the various “fingers™ are: 30, 27, and 32;
itis 32 miles to the end of the “ thumb ”,

A large proportion of the coastline of the gulf is
mangrove swamp, while other parts form the steep
coastline round nearby volcanos. There are a number of
islands in the gulf, the principal ones are: Farallones,
about 9 miles within the entrance and 5 miles from the
eastern shore; Meanguera and Meanguerita, near the
middle of the “palm” 10 miles within the entrance and
6 miles from the north-west shore ; Conchaguita, mid-
way between Meanguera and the shore and the shore
north-westward ; Tigre, about 314 miles north-east of
Meanguera; Martin Perez, 2 miles north of Concha-
guta, with Isla Punta Sacate three-quarters of a mile
north—yvestwards and the same distance off shore;
Exposicion, about 114 miles north-west of Tigre with
Inglesera, Violin, Coyote and Garova within 214 miles
Westward of it, and all lying in the approach to Bahia
Cismuyo ; Sacate Grande, about a mile north of Tigre,
between Bahia Cismuyo and Bahia San Lorenzo and
parated from the mainland by a narrow creek.

The boundary between El Salvador and Honduras
Mmeets t_he gulf in the entrance to Rio Goascoran, on the
Borth side of the “finger ” in which is Puerto La Union

e bour'ldary between Honduras and Nicaragua meets
fe Sea in the “thumb” in the vicinity of the mouths
of the Negro River and Estero Blanco. Of the islands,
anguera, Conchaguita, Martin Perez and Isla Punta
acate are territory of El Salvador and Sacate Grande,
'87¢, Exposicion, Inglesera, Violin, Coyote and Garova
e terntory of Honduras.

2 Dfepltlhs in the entrance to the gulf are about
0 m;it oms, these in general graduate to the shores;
ean-eastwards, northwards and north-westwards of
thgl-}?r_a dept,hs are everywhere less than 6 fathoms.

as lf/ fingers** drying banks extend off shore as far
i deraﬁl miles in places, with shallow depths a con-
e Whe way seaward of the low-water lines. Nearly
s filled0113e of the western side of Bahia San Lorenzo
y an extensive detached drying bank. Another

a;

small drying bank lies south of this bay and 314 miles
east of Tigre. Except for a few channels, the whole of
the northern end of the gulf is shallow.

Ports within the gulf are: Amapala, a port of entry
and the only accessible one on the Pacific coast of
Honduras, at the north-west corner of Tigre. It has an
open anchorage in depths of 7 fathoms, but limiting
depths in the approach are 314 fathoms. The fairways
lie on either side of Meanguera.

Puerto La Union, or Cutuco, in the north-west
“finger” of the gulf, is a land-locked harbour and the
principal port of entry for El Salvador ; there is a wharf
with 30 feet of water alongside, but the limiting depth
is 24 feet on the bar in the approach ; the fairway runs
between Conchaguita and the mainland westward.

Estero Real in Nicaragua is navigable for about 20
miles by vessels which can cross the bar, which has 18
feet over it. There are a few trading stations in this
river. Well-sheltered anchorage may be obtained in
Moneypenny Anchorage in the approach to this river.

As a very approximate estimation, about half the
coastline of the gulf is territory of Honduras and the
other two States have about a quarter each.

In 1916-1917 the question of the status of the Gulf
was brought before the International Court of Central
American Republics. Briefly, the Court in its Judge-
ment stated that the gulf was an “historic pos-
sessed of a character of a closed sea”, and that, outside
the three-mile limits of territorial waters enclosing the
exclusive property of each of the three States, co-
partnership should exist in the ownership of the
remaining waters,

4, Salinas Bay (Annex, map No 13)

References : Charts, Nos. 587 (Plan), 1049, 2145

West Coasts of Central America and United
States Pilot, Sixth Edition, 1950

The boundary between Costa Rica and Nicaragua
meets the sea on the northern side of Salinas Bay on the
Pacific side of Central America.

The bay, running in a general east-south-easterly
direction, is entered between Punta Sacate and Punta
Arranca Barba about 214 miles north-north-westward.
It has a length of 414 miles, and minimum and maximum
widths of 2 and 3 miles. About 11/ miles east of Punta
Sacate, and three-quarters of a mile off shore, lies the
island of Salinas ; south-eastward of this, and extending
up to half a mile off shore, lies a group of detached
drying rocks. A group of smaller rocks, some above-
water and others drying, lies 400 yards off shore, half
a mile east of Punta Arranca Barba. The head of the
bay dries out in places for nearly half a mile.

Depths in the entrance are from 11 to 15 fathoms,
further in towards the middle of the bay, they are 6 to
9 fathoms ; the coastal banks, with less than 3 fathoms
over them, extend up to half a mile off shore and rather
more than a quarter of a mile east and south of the island
of Salinas. On the latter, and 200 yards north-west of the
island, is a small above-water rock and a drying rock
about 400 yards east of the island. Good sheltered
anchorage from a westerly blow may be obtained south-
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south-westward of the island of Salinas. There are no
ports in the bay.

The international boundary meets the coast about
two-thirds of the way along the northern shore, thus
about one-third of the coastline is Nicaraguan territory.

The bay conforms to the definition in article 7 of
the Law Commission’s 1956 report.

A promontory, of which Punta Sacate forms the
northern point, separates Salinas Bay from Elena Bay,
the south-western entrance point of which is Punta
Blanca, about 11 miles south-westward of Punta Sacate.
A line 15 miles long running northwards to
the Nicaraguan coast, would enclose an area of sea
which conforms to the Law Commission’s definition of
a “bay ” in its 1956 report. Considering these two bays
as one indentation, about one-quarter of the coastline
would form Nicaraguan territory.

5. Chetumal Bay (Annex, map No 14)

References : Chart No. 1204
West Indies Pilot, Volume I, Tenth Edition, 1941

Chetumal Bay, the entrance to which lies about 25
miles north of Belize, runs in a general northerly di-
rection. Its western side is formed by the coasts of
British Honduras and Mexico, its eastern side by the
Mezxican coast and by the west coast of Ambergris Cay,
which is territory of British Honduras. The entrance to
the bay lies between the south end of Ambergris Cay
and the coast of British Honduras 12 miles westward.
The penetration of the bay is 57 miles. The general
width is about 13 miles and the extreme width about
20 miles.

Ambergris Cay is about 19 miles long in a north-
north-easterly direction, and has an average width of
about 314 miles; between this and the mainland are a
number of cays, the principal of which are Mosquito,
Guana, Blackadore Swab and Deer Cays. Other islets
are Shipstern Cay, close to the mainland coast of British
Honduras and 24 miles within the entrance ; Tamalca
Island on the west side, close off the Mexican coast and
43 miles within the entrance; also an unnamed cay,
about a mile north-west of Ambergris Cay.

Rivers flowing into the bay, each forming a highway
for inland communication, are, on the west side, New
River, Hondo River and Rio S. Jose ; on the north side,
Rio Kirk. New River is in British Honduras ; the Hondo
River forms the land boundary and the others are in
Mexzxico.

The whole of the bay is shallow. A bar of mud, with
depths of 5 feet over it, extends right across the
entrance to the bay ; channels within the bay leading to
the mouths of the rivers are marked by beacons and
have depths of from 8 to 12 feet.

There are settlements at Corosal near the mouth of
the New River and at Consejo, about 6 miles north-
eastward, in British Honduras; and at Payo Obispo
or Chetumal, close north of the Hondo River, at
Calderitas and Ubero, about 4 and 10 miles, respec-
tively, northward of that river, in Mexico.

The boundary through the bay has been laid down

in straight lines as indicated on the chartlet; it meetg
the sea after passing through the narrow channel, nameq
Boca Bacalar, between the north end of Ambergris Cay
and the southern tip of the Mexican coast. A narroy
canal is charted cutting through this southern tip of the
Mexican coast and thus giving access to the Mexicap
part of the bay entirely through Mexican territory.

Very approximately, half the coastline is in the
territory of each state.

6. San Juan River (Annex, map No 15)

References : Chart No. 1139
West Indies Pilot, Volume I, Tenth Edition, 1941

The San Juan River forms the boundary between
Costa Rica and Nicaragua on the Caribbean side of Cen-
tral America. The river reaches the sea through a delta
and the boundary follows the principal branch, close to
the mouth of which is the small port of San Juan de]
Norte or Greytown Harbour. Owing to silting, this
port is almost disused now. Southward of the delta, the
coast runs in a south-south-easterly direction for many
miles and is comparatively straight. The coast, at the
delta itself, trends at right angles to this stretch for about
5 miles whence the main coasts run northwards and
north-north-eastward to form a narrow indentation with
a length across its entrance of nearly 40 miles and a
maximum penetration of about 12 miles. This in no way
conforms to the definition of a “bay” in article 7 of
the Law Commission’s 1956 report.

The delta is formed primarily of swamp, low sand
and mud bars, and is fronted by spits, on which the sea
continually breaks heavily, enclosing shallow lagoons;
all are liable to frequent changes. In 1937, the main
channel entrance had but 5 feet over the bar.

The best anchorage is about 214 to 3 miles north-
ward of a disused light tower towards the western end
of the delta, in depths of about 10 fathoms, and always
at least a mile outside the breakers, which extend up to
half a mile off shore. Eastward and southward of the
delta, depths of 100 fathoms lie 7 or 8 miles off shore,
but 5 miles northward they are 15 miles off. There are
no dangers in the approach other than the coastal banks.

7. Mazanillo Bay (Annex, map No 16)

References : Charts, Nos. 463, 486 ; U.S.H.O. No. 2646

West Indies Pilot, Volume III, Fourth Edition,
1946

Mazanillo Bay may be considered to lie betweel
Icacos Point and the eastern extreme of the entrance 10
Fort Liberté Bay about 6 miles south-westward, and 10
lie in the angle of the coast where the north coast of the
Dominican Republic turns from a general south-westerly
direction to, the westerly direction of the coast of Haitl
The penetration inland is 5 miles. Icacos Point I
situated on the north-west side of a peninsula of which
Monzillo Point is the southern extreme. For this extrem®
the coast turns north-north-eastwards for 2%, miles 22
thence trends southward for about 514 miles t0 the
entrance to Estero Balza, a shallow lagoon, the entrallcft’
of which is now closed by mangroves, thence the €035
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mrns abruptly westward. The mouth of the Massacre
River, which forms the boundary between the Dominican
Republic and Haiti, is 114 miles west of the entrance
to Bstero Balza.

Mangrove swamps form the northern and eastern sides
of the bay; in the latter side are two shallow inden-
tations or lagoons, most of which lie behind the coast,
the southern of these is fronted by a mangrove islet
named Barriga de Vaca.

The bay is deep except on its northern and eastern
sides. There are depths of 320 fathoms in the entrance,
and depths of 100 fathoms are found less than half a
mile from the southern shore, within a mile of Monzillo
Point and about 114 miles from the south-east corner
of the bay. East and south-east of the promontory on
which is Monzillo Point is a shallow coastal bank with
depths of less than 3 fathoms; depths to 10 fathoms
extend up to half a mile from this bank. About a mile
east of the mouth of the Massacre River is Puerto
Libertador, a small settlement with a pier, 745 feet
long, having a depth of 46 feet at its outer end,
decreasing to 10 feet at its inmer end.

Approximately one-third of the coastline of the bay
as described above lies in the territory of Haiti.

North and north-west of the promontory at the
northern end of the bay are the Seven Brothers, small
islets lying at the western end of the extensive shallow
Monte Cristi Bank. Arenas, the outermost, lies 7 miles
olilffshore and Torotu, the innermost, is 214 miles off-
shore.

Close beyond the bay westwards is the narrow
entrance, about 114 miles long, leading to Fort Liberté
Bay, which is land-locked with a length of about 5 miles
and a general width of about a mile. There is a good

anchorage in depths of 9 fathoms off the settlement of
Fort Liberté,

8. Gulf of Paria (Annex, map No 17)

References : Charts, Nos. 1480, 1801, 483A

West Indies Pilot, Volume II, Tenth Edition,
1955

The Gulf of Paria is an extensive gulf roughly
f7e[;1’fat}gular in shape, with an east-west length of about
i miles and a north—south breadth of about 30 miles.
DI’;,S cl,ltered near its north-east_ corner through the
Sidegtcllils Mouth, and near the middle of the southern
are rough the Serpent’s Mouth. Both these entrances

i escribed in the study on “Straits which constitute

es for International Traffic” (A/CONF.13/6).

sm'lrﬂh;e north-eastern, eastern and approximately half the
®mn shore are formed by the coasts of Trinidad and

ebfemainder by the coast of Venezuela.
ep

fathomtshs %n the middle of the Gulf are from 16 to 10

frontag 'b he western and south-western shores are

less thy :}3' EXtensive, shallow coastal banks, depths of

Oﬁshoren 3 ]fathoms being found in places up to 10 miles

of the € western and south-western sides form part
delta of the Orinoco River.

\

2
Supra, p, 114,

Guiria, on the Venezuelan coast on the north side of
the Gulf, is a port of entry for the San Juan River which
empties into the western end of the gulf. There is a pier
200 feet long with a depth of 15 feet alongside. The
important oil shipping of Caripito is 53 miles up the
San Juan River; vessels with a draught of 32 feet in
fresh water can berth there.

Pedernales and Capure on the south side of the Gulf
have important oil installations near them.

Ports in Trinidad are Point Fortin and Brighton on
the south shore, Point a4 Pierre on the east shore and
Port of Spain on the north-east shore. All are oil-loading
ports and can accommodate deep draught vessels.

In 1942, a treaty was signed between the Govern-
ments of the United Kingdom and Venezuela divid-
ing the submarine areas of the Gulf. This dividing line
runs approximately in a straight line from the south-
western end of the Dragon’s Mouth to the Serpent’s
Mouth. This has no relation to the status of the waters
above the continental shelf.

The following regulations are enforced by Vene-
zuela: in Venezuelan territorial waters the Venezuelan
flag must be displayed continuously at the fore; at
night, on demand, the name of the vessel must be
signalled by morse lamp.

9. Bay of Ancén de Sardinas (Annex, map No 18)

References : Chart No. 2257

South America Pilot, Volume ITI, Fourth Edition,
1954

Bahia de Ancén de Sardinas is a shallow bight in the
coast between the mouth of Rio Vainillita and Punta
Mangles, 33 miles north-north-eastward. Its penetration
is about 12 miles. In the bight are four large openings
which resemble river mouths and are the entrances to a
complex system of creeks resembling a delta.

From south to north these are: R. Santiago, the
entrance to which is reputed to be shallow ; La posa del
Puerto, about 4 miles Iong in a south-easterly direction
and three-quarters of a mile wide, with depths of from
214 to 4 fathoms, but depths in the approach are
2 fathoms; Bahia San Lorenzo, also with depths of
2 fathoms in the approach, is about 4 miles long with
widths varying between 114 miles and half a mile and
it has depths of from 6 to 10 fathoms ; Panguapi Bay,
about 2 miles wide, is the estuary of the River Mataje
which forms the boundary between FEcuador and
Colombia; no details are available, but the estuary
appears to be shallow. North of Panguapi Bay is the
southernmost mouth of the delta of the River Ancén.

The whole of the eastern side of the bay is filled with
shallow and drying banks and local knowledge for
navigation tot the entrances named above is essential ;
the whole coast is low and featureless. Vessels should not
normally approach the coast within depths of 10 fath-
oms, which lie between 4 and 8 miles offshore.

Poblacién de la Tola, a small port, lies about a mile
within the River Santiago. Puerto de San Lorenzo lies
at the head of Bahia San Lorenzo and about 12 miles
east-north-east of La Tola; it has rail communication
with Quito, the capital of Ecuador.
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Including only the most seaward coastlines of the
outer islands, about one-third of the coastline of the bay
lies in Colombia.

Available charts are inadequate for a fuller descrip-
tion.

10. Bay of Oyapok (Annex, map No 19)

References : Chart No. 1802

West Indies Pilot, Volume II, Tenth Edition,
1955

The Bay of Oyapok is the estuary of the River
Oyapok which forms the boundary between French
Guiana on the west and Brazil on the east. The coast
of the estuary on its eastern side trends north-north-
eastwards to Cape Orange, the natural entrance point,
where it turns south-eastwards ; that on the western side
trends northward to a prominent point abreast Mont
d’Argent, and then trends north-westwards, past a point
fronting a hill called Fausse Mont d’Argent, about 5
miles from Mont d’Argent. With the exception of these
hills, the whole coast is low and fronted with mangroves.
Cape Orange is a rounded cape ; the low-water line is
charted as lying up to 3 miles northward of it.

The entrance to the estuary may be considered as
lying between the low-water line off Cape Orange and
the point close to Mont d’Argent, a distance of 10 miles,
or between that cape and the coast off Fausse Mont
d’Argent, a distance of about 1214 miles. The
penetration to where the River Oyapok narrows to about
2 miles is in the first case about 12 miles, and in the
second about 15 miles.

The River Uassa enters the estuary on the eastern side
about 6 miles south-south-west of Cape Orange ; it has
depths in its entrance of 8 feet.

The River Uanares flows into the western side of the
estuary about 8 miles south of Mont d’Argent; it also
is shallow.

The estuary is encumbered with shoals on which the
sea breaks heavily during the winter; it has not been
completely surveyed and navigation in it is difficult
and dangerous. The 3-fathom depth contour is charted
7 miles offshore in the approaches. Two drying banks
are charted off the mouth of the River Uanares, but the
survey is old and there is little doubt that depths and
drying features in the estuary are liable to frequent
changes.

Vessels of less than 10-foot draught can anchor about
a mile off the coast near Point d’Argent, where there is
a small jetty. Vessels of light draught can ascend the
River Oyapok for about 30 miles to St. George.

About half the coastline is Brazilian territory.

11. Estuary of the Maroni River (Annex, map No 20)

References : Charts, Nos. 534, 1802

West Indies Pilot, Volume II, Tenth Edition,
1955

The River Maroni forms the boundary, near its
mouth, between French Guiana and Surinam ; it enters
the sea through a comparatively straight stretch of coast-

line which runs in a general west-north-westerly dig,.
tion for many miles. The entrance to the river propy
lies between Pointe Francaise on the east and Galib
Point about 2 miles westward. From the latter point the
coast runs north-north-westward for 53 miles to Kap;.
manshoofd, the western natural entrance point of the
estuary, and thence turns westward. From Pointe Frag.
caise, the coast turns abruptly east to form the mopg
of Riviere La Mana which, flowing west-north-weg.
wards, is separated from the sea by a narrow neck of
land terminating at Pointe Isére, the eastern natura] gp.
trance point, about 3 miles east-north-east of Pointe
Francaise. The low-water lines of the coast extend aboyt
114 miles and half a mile north of Pointe Tsére and
Kaaimanshoofd respectively. The estuary thus has ap
entrance about 814 miles wide, with a penetration of
about 414 miles.

The estuary is shallow, but the tide rises about 8 fegt
at spring tides. It is approached between Tijger Bank on
the west and Banc Francais on the east. The former,
with depths of less than 6 feet, extends about 8 miles
north of Galibi Point—there is a drying patch about
3% miles north of that point; the latter, with similar
depths, extends about 6 miles north of Pointe Francaise,
In 1955, least depths on the recommended track through
the estuary were 7 feet, and ships of about 15-foot
draught could reach Albina in Surinam and St. Laurent
in French Guiana, both about 15 miles above Galibi
Point, Riviere La Mana can be navigated by vessels of
about 12-foot draught to Mana, a French settlement,
about 10 miles within Pointe Isere.

The recommended track into the Maroni River
passes close to the French shore at and within Pointe
Francaise. The track from seaward is marked by buoys,
which are moved to conform with the alterations in
depths between and over the banks. Local knowledge is
essential.

About one-third of the coastline of the estuary i
French.

12. Estuary of the Corentyn River
(Annex, map No 21)

References : Charts, Nos. 99, 1801

West Indies Pilot, Volume II, Tenth Edition,
1955

The boundary between British Guiana and Surinal
follows the Corentyn River near its mouth. The estuary
of the river may be considered to extend seaward from
a line joining Bluff Point on the east bank to a positiol
on the British Guiana coast 414 miles westward. The coast
from Bluff Point trends north-eastward for 7 miles, a
then turns eastward ; Turtle Bank, which dries, exteD
up to 214 miles offshore from this latter bend 12 the
coast. The Nickerie River enters the estuary on its S0U-™
eastern side about 3 miles north-east on Bluff Point. The
coast from opposite Bluff Point trends northward .
about 5 miles, and then gradually trends in 2 curvr
north-north-westward and north-westward, The Ot
end of the estuary may be considered as a line ]_01“1‘15
the north-west corner of Turtle Bank to a position Ot-
the coast of British Guiana 15 miles west-north-#es
ward.
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The estuary is shallow; the 3-fathom contour lies
about 2 miles north of Turtle Bank and continues in a
porth-westerly direction across the approach to the
estuary ; at the north-western end it is about 812 miles
off shore. Near the middle of the estuary are two banks,
cose together and shallower than the rest of the estuary ;
navigation channels lie both east and west of them.
Depths in the channels across the bar are about 8 feet
and the rise of the tide is about 814 feet. Tidal streams
are strong near the river mouths.

Five drying banks are charted in the estuary; these
lie 13 miles north-west of Bluff Point; 4 miles west-
north-west of that point and three-quarters of a mile off
shore; 514 miles north-west of the point and three
quarters of a mile off shore ; 514 miles north-west of the
point and nearly 114 miles off shore; and 434 miles
north-west of the point and 234 miles off shore.

In the winter, heavy seas occur in the estnary and
ships of 9 feet draught only can enter the river—in
the summer a draught of 16 feet is possible. The river
gives access to the settlement of Tropica in Surinam
about 60 miles up the river.

The small ports of Niew Nickerie and Wageningen
lie about 214 and 24 miles within the Nickerie River.They
can be reached by vessels with a 1314-foot draught.

About half the coastline of the estuary is Surinam
territory.

13. Boca de Capones (Annex, map No 22)

References : Charts, Nos. 586, 1813

South America Pilot, Volume ITI, Fourth Edition,
1954

The boundary between Peru and Ecuador runs north-
yvards to meet the coast in Boca de Capones, a narrow
lﬂlqt running approximately east and west between the
mainland on the south side of Golfo de Guayaquil and
several islands close off shore. The eastern end of Boca
dt? Capones connects with Estero Grande, a similar, but
wider inlet, and its western end with the Pacific Ocean.

Abreast the termination of the land boundary, the
Waterway is about a mile wide between the mainland
and the south side of Isla Templeque, but is obstructed
Dear its middle by an islet about a mile long and half
2 mile Wisle. About a mile west of the boundary, the
r’aterway.ls constricted to about half a mile in width. It

N continues westward between the north side of Isla
W lfit?l Plflo and the south coast of an unnamed island of
. : unta l?ayana is the north point; Boca Payana
; l;nrates.thls island and Isla Templeque. The waterway
and 26 Wwidens to a general breadth of nearly 114 miles
ever 0111)t1nues westward for about 314 miles; it is, how-

it ,ao Structed by Isla Correa, about 3 miles long and
of then?ﬂle wide, and by_ three islets in the channel south
north 1; and and two islets and two drying mud flats
Torth.. v(\: the island. The waterway thence continues

e Poe i;_stward. for about 2 miles to its entrance into
half 4 n;::i havu'1g a general breadth of rather more than
of the on e. Within three-quarters of a mile seaward

Orres Tance are two drying mud banks. South of Isla
Vet a creek named Estero del Salto leads west-south-

ard to Bahia de Tumbes.

Depths in both Boca de Capones and Estero Grande
are shallow and in general vary between one and 7 feet.
The rise of the tide is about 6 feet.

It is most probable that the coastline and depths in the
area are subject to continual change.

There are no ports within the area.

Accepting that the islands north of Boca de Capones
are territory of Ecuador, the coastlines are about equally
divided between that state and Peru.

14. Rio de la Plata (Annex, map No 23)

References : Charts, Nos. 2522, 3064, 3561, 1749, 2039
South America Pilot, Part I, Ninth Edition, 1945

Rio de la Plata is an extensive, funnel-shaped estuary
formed by the confluence of Rio Parana and Rio
Uruguay ; the latter river forms the boundary between
Uruguay and Argentina. The northern shore of the
estuary is Uruguayan territory and the south-western
Argentinian, As generally accepted, the entrance lies be-
tween Punta del Este and Cabo San Antonio, 120 miles
south-westward ; the penetration inland is about 160
miles. The estuary is remarkably shallow. The outer part
seaward of Montevideo and Punta Piedras, about 57
miles south-westward, is divided into two channels by
the extensive shoals Rouen Bank, 50 miles north-east of
Cabo San Antonio, and Banco Ingles, together with
Archimedes Bank, about 35 miles further northward.
Several islets lie off the Uruguayan coast between Punta
del Este and Montevideo, the most seaward of these are
1. de Lobos, 414 miles south-south-east of Punta del Este,
and I. de Flores, about 6 miles off shore and about 12
miles east of Montevideo.

The inner part is encumbered with extensive shallow
banks with less than 3 fathoms over them, which almost
fill the estuary. The principal of these are Banco Ortiz,
extending from the northern shore ; Banco Chico, mid-
way between that bank and the coastal bank extending
from the Argentinian shore; and Playa Honda, filling
the north-western end of the estuary. Channels, marked
by buoys and beacons, have been dredged through these
banks to give access to the various ports.

Isla Farallon, the most seaward of a group of islands,
lies 315 miles west of Colonia, about 88 miles above
Montevideo ; the estuary here is about 20 miles wide.
About 24 miles north-west of this island is Isla Martin
Garcia; this lies in the mouth of the Rio Uruguay
and abreast the delta of the Rio Parana. The estuary is
here about 12 34 miles wide. About 10 miles further north,
the mouth of the Rio Uruguay narrows to a width of
about 4 miles.

The principal ports in the estuary are:

On the coast of Uruguay: Montevideo, about 60
miles west of Punta del Este, channel dredged to
33 feet; Colonia Roads, about 88 miles above Monte-
video, which vessels with draughts of less than 15 feet
can reach.

On the coast of Argentina: La Plata, about 21 miles
south of Colonia, channel dredged to 2515 feet;
Buenos Aires, 27 miles north-westward of La Plata,
dredged to 2714 feet.
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Depths are maintained in the entrance to the Rio
Uruguay to allow vessels drawing up to 23 feet to enter
and navigate for about 100 miles.

Pilotage is compulsory in the estuary, except for
coasting vessels, beyond a line joining Montevideo to
Punta Piedras. A vessel bound for an Urugnayan port
on Rio Uruguay should either pick up an Uruguayan
pilot at Montevideo or take an Argentine pilot, who will
conduct her as far as the roadstead of the Uruguayan
port.

About half the coastline of the estuary is Uruguayan.

15. Estuary of the Coco (Wanks) River
(Annex, map No 24)

References : Charts, Nos. 2425, 1218
West Indies Pilot, Volume I, Tenth Edition, 1941

Information regarding the estuary is scanty and old ;
it is known that the coastline and depths are liable to
frequent changes due to the alluvial deposits from this
large river.

The river near its mouth forms the boundary between
Honduras on the north and Nicaragua on the south. The
land everywhere near the entrance is low and swampy
and covered with trees.

Almost filling the entrance in the delta is Isla
Martinez, an island about 134 miles long and nearly a
mile wide. The main entrance to the river, less than
a quarter of a mile wide, lies southward of this island,
between it and Isla San Pio, a long narrow islet. South-
ward of the latter is a shallow lagoon about 174 miles
long and half a mile wide, almost enclosed by other
islets. There is a secondary narrow and shallow entrance
channel west of Isla Martinez.

Within a mile eastward and south-south-eastward of
Isla Martinez lie other islets, Depths of less than 3 fath-
oms are charted within 134 miles north, east and south-
east of Isla Martinez and these shallow depths are re-
ported to be extending. A shifting bar fronts the river
entrances, having depths from 3 to 6 feet, and the sea
constantly breaks on it. At high water, vessels drawing
4 feet can at times cross the bar to reach Puerto Cabo
Gracias a Dios on the south side of Isla Martinez.

16. Rio Grande (Annex, map No 25)

References : Charts, Nos. 3980 ; U.S.C. and G. 1117
West Indies Pilot, Volume I, Tenth Edition, 1941

The Rio Grande separates Mexico on the south from
the United States of America on the north. The river
enters the sea in a north-easterly direction through a
comparatively straight stretch of coastline running in a
general north-south direction for many miles. The river
mouth is narrow, and is fronted by a bar over which it
is reported that a depth of about 4 feet can be carried.
No recent survey has been made and the channel is
changeable.

By international agreement the river is not used for
navigation, and special permission is necessary for any
boat to enter it. The port of Brownsville lies on the

northern bank about 55 miles from the mouth by Tiver,
but about 20 miles in a direct line. This port is reacheq
by a canal leading from Brazos Santiago, about 6 milgg
north of the river entrance. Brazos Santiago is a narroy
pass leading into Laguna Madre, an extensive, shalloy
lagoon, separated from the sea by Brazos and Padp
Islands, two long and very narrow strips of land. The
former, in 1940, was no longer an island, but joined the
mainland immediately north of the mouth of the Rip
Grande.

HOI. ASIA
1. Gulf of Agaba (Annex, map No 26)

References : Charts, Nos. 756, 3595

Red Sea and Gulf of Aden Pilot, Tenth Edition,
1955

The Gulf of Agaba is a long narrow gulf on the
eastern side of the Sinai Peninsula. The western shore
is Egyptian, the eastern shore is Saudi-Arabian and the
head of the gulf is Isracli and Jordanian territory.
The islands of Tiran and Sinafar front the entrance. The
length of the gulf is about 96 miles. The breadth at the
entrance between Nabgq and Ras Fartak is 534 miles.
About 17 miles above Ras Fartak the breadth is 1414
miles, which is the widest part of the gulf; thence
abreast El Kura it is 1214 miles wide, abreast El Mam-
lah, the width is 9 miles, thence this general width is
maintained, varying from between 814 and 11 miles, to
within 15 miles of the head. The head then narrows to
a width of 4 miles abreast Ras el Masri, whence a
general width of about 3 miles is maintained for 4 miles
to the head.

The whole of the gulf is deep; depths of over
800 fathoms occur near its middle.

The only islets inside the gulf are Humaidha and
Fara Un, both close inshore, the former off the eastern
side 2014 miles from the head, and the latter off the
western side 714 miles from the head.

Tiran Island, in the approach, is separated from the
Egyptian coast by the Strait of Tiran, about 3 miles
wide ; it lies about 414 miles south of Ras Fartak;
Sinafar Island lies about 114 miles east of Tiran, with 2
reef in between. The north-west, north and east coasts
of these islands are fronted by drying coral reefs. About
midway between the west side of Tiran Island and the
Sinai coast, westward, a line of drying coral reefs lies
diagonally across the strait, forming on the west, the
Enterprise Passage and, on the east, the Graftol
Passage. The former has a minimum breadth of
1,300 yards, and the latter a minimum breadth 'Of
950 yards between the central reefs and those extendit
from the coasts. Both these passages are deep. East 2!
north of Sinafar and Tiran islands there would appe&’
to be a tortuous channel between the coral reefs into th°
gulf, with a least depth of 9 fathoms and a width of 1e$*
than half a mile; this area has not been surveyed
detail, and the available information is very old.

The Jordanian port of Aqaba lies on the eastern Sid,e
at the head of the gulf, and the Israeli port of Eilath
on the western side of the head.
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Of the coastline, over 100 miles are in the territory
of both Egypt and Saudi Arabia, while about 314 miles
are territory of Jordan and about 6 miles are territory

of Israel.

2. Shatt al-Arab (Annex, map No 27)

References : Charts, Nos. 2884, 3842
Persian Gulf Pilot, Tenth Edition, 1955

The Shatt al-Arab is a large river combining the waters
of the Rivers Tigris and Euphrates, which enter the head
of the Persian Gulf. Near its mouth, its eastern bank
forms the boundary between Iraq to the west and Iran
to the east.

The river mouth is funnel-shaped ; at Fao, the river
is about half a mile wide, it thence widens gradually over
a distance of 514 miles to its mouth, where it is about
434 miles wide, between Ras al Bishr and Ras al Abadan
north-eastward. Both banks are very low and swampy
and are fringed with drying mud banks.

Extensive drying mud banks extend south-eastward
from Ras al Bishr and Ras al Abadan; the former,
Maraggat Abdullah, up to 834 miles offshore, and the
latter, Maraqqat Abadan, up to 614 miles ; it is probable
that both extend to seaward. Depths under 3 fathoms
extend for about 414 miles further seaward of these banks
and form a bar. For a considerable distance seaward of
the bar, depths are irregular. An artificial channel,
marked by buoys, beacons and lights, has been dredged
across the bar, giving access to vessels of about 32-foot
draught at high water spring tides. The rise of the tide
is about 914 feet,

The principal ports in the river which can be reached
by vessels of the above-mentioned draught are Fao and
Basrah on the Iraqi side and Abadan and Khorramshahr
on the Iranjan side. Abreast the two latter ports, the
International boundary leaves the bank and runs in the
thalweg of the river.

Pilotage is compulsory within the river and its direct
approach. The limits of the port of Basrah extend from
the sea for 88 miles up the river. There are various
regulations in force regarding speed, overtaking, enter-
g the dredged channels on a falling tide, etc.

. The amount of coastline at the river mouth appertain-
1I0g to Iraq and Iran is about equally divided, but it
should be remarked that the international boundary is
the Tranian bank of the river.

3. Khor Abdullah (Annex, map No 28)

References : Chart No. 2884
Persian Gulf Pilot, Tenth Edition, 1955

ilehOI Abdullah separates the eastern side of the large
d of Jazirat Bubiyan from the mainland of Iraq;
Or Sabya, a narrow creek only available for boats at

half‘ti_de, runs between the island and the mainland of
Uwait,

as The fntrance to Khor Abdullah may be considered
AdeL]l ¢ Joining the southern cormer of Maraqqat
» the extensive mudbank fronting the coast of

Iraq westward of Ras al Bishr, and the edge of the drying
mudbank off Jazirat Bubiyan, about 614 miles south
of Ras al Qaid. The breadth of the entrance is thus about
14 miles. The inner end of the Khor may be considered
as where the waterway divides to pass on each side of
Jazirat Warba ; the penetration is thus 23 miles. Both
banks are low, alluvial land covered in places with reeds
and grass ; drying mudbanks extend into the Khor for
about 134 miles from the line of the coast, except off
the south-east end where the bank itself continues in a
south-easterly direction for about 8 miles between the
Khor and the approach to the Shatt al-Arab.

Depths across the entrance are varied; there are a
number of shoals with depths of less than 3 fathoms
lying in line with the main direction of the Khor. Fasht
al Aik, a small bank lying about 63 miles east-south-
eastward of Ras al Qaid, dries 3 feet; a similar bank
lies 314 miles eastward of the same point, and one drying
4 feet lies between the latter and that point. The least
depth charted in the main channel and its approach is
22 feet. Buoys mark the line of the channel. In 1955,
this marked channel entered the Khor near its middle,
but about 314 miles above Ras al Qaid it lay nearer to
Jazirat Bubiyan than the Iraqi shore.

Anchorage may be obtained by vessels with local
knowledge anywhere in the Khor, according to
draught, but anchorage should not be taken up at the
east-south-eastern end on account of submarine cables.
Vessels may also find anchorage off Umm Qasr, where
there is a jetty, about 12 miles above the eastern end of
Jazirat Warba.

The boundary between Kuwait and Iraq runs through
the Khor Abdullah, so about half the low-water coastline
is in the territory of each state.

The Iraqi waters of the inlet are included in the port
of Basrah.

4. The Sunderbans (Hariabhanga and Raimangal
Rivers) (Annex, map No 29)

References : Chart No. 859
Bay of Bengal Pilot, Eighth Edition, 1953

The boundary between India and East Pakistan
reaches the sea in the vicinity of the mouths of the
Hariabhanga and Raimangal Rivers, two of the rivers
forming part of the delta of the River Ganges.

These two rivers meet in a common estuary, with an
entrance about 41% miles wide, and are separated
near their mouths by an island 1214 miles long in a north-
south direction with a general width of about 21% miles.
The southern end of this island lies back about 5 miles
from the general line of the coast formed by the other
islands of the delta. Thus, the estuary of the two rivers
has a penetration of about 5 miles, a width at the
entrance of about 414 miles and a maximum width of
734 miles. The breadth of the Hariabhanga River when
it enters the estuary at the north-west corner is about
2 miles wide and the breadth of the Raimangal River in
the north-east corner is 214 miles.

The deep channels from the river mouths, with
depths of from 4 to 10 fathoms, lie towards the sides
of the estuary, leaving a shallow bank between and south
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of the island separating the rivers. A small area, dry at
low water, is charted on this bank and about a mile
south of the island; depths of between a half and 3
fathoms extend from the island as far southward as the
entrance to the estuary. Seaward of the entrance, the
channels unite to form a single approach over a distance
of about 15 miles between the coastal banks, with
depths of less than 3 fathoms. The general breadth of
the approach channel is 114 miles; depths therein are
from 314 to 8 fathoms. On the western coastal bank are
three patches, marked by breakers and which probably
dry at low water ; these lie 114, 5 and 10 miles south of
the entrance to the estuary.

Tidal streams are almost certainly strong and
local knowledge is essential for navigating in the vicin-
ity, as the banks are subject to change ; the land is low
and there are no navigational marks.

About half the coastline of the estuary is Indian and
the remainder Pakistan.

5. Sir Creek (Annex, map No 30)

References : Chart No, 118
West Coast of India Pilot, Ninth Edition, 1950

The north-west bank of the Sir River forms the
boundary between Pakistan and India. This river forms
one of the mouths of the delta of the River Indus.

The coast is low and flat throughout and partially
flooded at high water to a considerable distance inland.
1t was reported in 1952 that the whole of the Indus delta
coastline, coastal flats and depth contours had extended
seaward as much as 5 miles in places ; that the sea-face
was generally formed by a narrow belt of low sand hills,
fronted by drying sandbanks and backed by mangrove
swamps interspersed by mud-banked tidal creeks. In
consequence, therefore, the following description from
the existing chart, based on an old survey, must be
treated with reserve. It is not normal for any vessels
except of light draught and up-to-date local knowledge
to approach the coast within depths of 10 fathoms.

The following description is from the chart:

The entrance was funnel-shaped and ran in a north-
easterly direction from the general north-westerly trend
of the coast of the Indus delta. Its southern entrance
point, which was low, flat land about 2 feet high, was
fronted up to a distance of about 2 miles by a sandbank
which dried in places. The north-western entrance point
was formed by an islet from 2 to 4 feet high, about 8
miles north-west of the southern entrance point. The
penetration of the inlet was about 6 miles to the
restriction of the creek to a breadth of about 134 miles.
The northern shore consisted of sand and mud which
dried from 2 to 5 feet, the south-castern side was of
sand and mud with scattered mangroves intersected by
creeks. Extending from the northern side was an
extensive flat with depths of only a few feet and on which
were these drying banks. The entrance channel, with
depths of up to 7 fathoms, lay close to the southern
shore and was about a mile wide, but approach thereto
was restricted by an extensive bar lying seaward of the
estuary, over which there was a limiting depth of
2 fathoms. There are no ports within the estuary. It was
possible for light draught craft which could cross the bar
to navigate the Sir River for a considerable distance.

During the south-west monsoon, the whole of the coagt
is fronted by breakers when the sea breaks in depthg
greater than 3 fathoms, which are found many miles off
shore.

Rather more than half the coastline of the estuary lieg
on the Pakistan side.

6. Naaf River (Annex, map No 31)

References : Chart No. 3493
Bay of Bengal Pilot, Eighth Edition, 1953

The Naaf River near its mouth forms the boundary
between Pakistan and Burma. The river discharges into
the sea between Shahpuri Point and Cypress Point, about
a mile east-south-eastward. An extensive drying sand
and mud flat extends about 114 miles southwards and
nearly 2 miles south-eastwards of the latter point: on
this flat and about half a mile south of the point
is a small, low islet. Off the northern side of the entrance
there are no drying features. Inside the entrance, the
river has a comparatively uniform width of about a mile
for a distance of 10 miles, and runs approximately
parallel to the coast ; depths in the middle vary between
12 and 514 fathoms; thence the river widens and
becomes shallower.

A closing line tangential to the low water lines of the
coast on either side of the river entrance has a length of
about 314 miles, and the penetration from this to the line
joining the natural entrance points of the river is three-
quarters of a mile.

The entrance is fronted by shallow flats which form
a bar; that south-west of Shahpuri Point is named
Shahpuri Flat and that south of Cypress Point, Cypress
Sands. These have depths of less than 3 fathoms over
them and extend for 414 miles southward and westward
of the former point, their least depths in places are about
a foot. St. Martin’s Island, consisting of an island about
3 miles long and two islets southward of it, all joined by
a reef, is connected to the south-western end of Cypress
Sands and lies about 515 miles south-south-west of
Shahpuri Point. St. Martin’s Reef, a ridge of sunken
rocks, lies about 534 miles west of the northern end of the
island. Sitaparokia Patches, with about 114 fathoms over
them, lie from 412 to 8 miles south-east of the jsland.

In 1944, there were two channels across the bar, oné
north-west of St. Martin’s Island, had a least depth of 8
feet, the other, named Patrick’s Gut, had a depth of 1_1
feet and lay north-east of the island; the latter 13
marked by a buoy. The tidal streams set across the
approaches to the bar at about one knot.

The principal anchorage is off Maungdaw, a town 00
a creek in the eastern bank of the river about 7 miles
above the entrance. Depth of water there is about 4%
fathoms.

7. Estuary of the Pakchan River (Annex, map NO 3D

References : Charts, Nos. 3051, 3052
Bay of Bengal Pilot, Eighth Edition, 1953

The Pakchan River, near its mouth, forms the bo“z;
dary between Burma and Thailand. The river entra®
lies between Victoria Point, the southern extrem®
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Burma, and the low-water line of the mainland about
314 miles southward. Pulau Ru lies between one and 314
miles south-south-westward of Victoria Point and fronts
the river entrance, Pulau Ganga lies about 2 miles west
of the island. South-south-westward of this island, a
chain of islands and islets fronts the Thailand coast up
to a distance of 10 miles off shore ; the longest of these
are : Pulau Pingngwe, Goh Chang and Goh Piam. West
and north-west of Victoria Point lies another group of
islands extending up to 574 miles off shore ; the principal
of these are Pulau Besin, Pulau Perlin, Pulau Jungis and
Pulau Tonton, the last conmected to the coast by a
drying bank. Fifteen miles west of Victoria Point is
St. Mathew’s Island, a large island forming one of an
extensive chain fronting the coasts of both Burma and
Thailand.

The river, for about 9 miles within, has a general
breadth of about 214 miles, with depths of from 414 to 11
fathoms. The approaches to the river mouth are encum-
bered by numerous islands, reefs and shoals ; depths of
less than 3 fathoms extend up to 9 miles north-west, 514
miles west and 814 miles south-west of Pulau Ru, but
there are three main channels of approach. The northern
passes between Pulau Jungis and Pulau Tonton, thence
north of Pulau Ru; this channel has a least depth of
11 feet; the western lies between Pulau Perlin and a
reef less than a mile southward of that island, thence
north of Pulau Ru, and this channel has a least depth
of 20 feet in it ; the southern passes between Goh Chang
and the shallower water south of Pulau Pingngwe, then
east of that island, of Pulau Saung Kharan and the islets
southward and eastward of it, and thence south-eastward
of Pulau Ru, the least depth in this channel is 30 feet.
As none of these channels are buoyed, great caution is
necessary in their navigation.

Vessels usually anchor about half a mile south of
Victoria Point in depths of from 5 to 10 fathoms. Small
craft can also anchor in Victoria Point Harbour, a small
area with depths of about 15 feet close north-east of the
point or in similar depths off the entrance to Ra-Nohng
C{eek. The Burmese settlement of Kawsong is on
Vlct_oria Point and the Thai town of Ra-Nohng is about
2 miles up the creek of that name.

The international boundary runs eastward and south-
eastward of Victoria Point, thence east of Pulau Ru,
thence between that island and Pulau Saung Kharong.
Goh Chang and Goh Piam are Thai territory.
St. Mathew’s Tsland, with the islands lying within 17
miles south-south-westward of it, are Burmese territory.

8. Sibuko Bay (Annex, map No 33),

References - Charts, Nos. 2576, 2099, 1861

Eastern Archipelago Pilot, Volume I, Sixth
Edition, 1950

OSlbuko Bay is a large indentation in the coast of
TIeo between Bum-Bum Island and Mandul Island,
8 te s south-westwards. The northern part of the bay
0;1'“91'5’ of North Borneo and the southern part is
entranesmn. Bum-Bum Island, also forming the southern
maj nlce point to Darvel Bay, is separated from the
and by a channel about half a mile wide, and is

fronted on its south side by extemsive reefs lying up
to 714 miles from it. Mandul Island is a large island in
the delta of the Sungei Sesayap. The coast of the western
part of the bay is cut into by the mouths of numerous
rivers, the largest of which are the Simengaris and
Sibuko on the south-western side and the Kalabakang.
The penetration of the bay is about 43 miles. The inner
portion is almost completely filled by the large islands
of East Nunukan and Sibetik. The former is separated
from the islands south-east of the delta of Sungei
Sibuko by a channel about 214 miles wide, from Sibetik
Island by a channel 4 miles wide which is nearly
filled by an island. Sibetik Island is about 19 miles long,
and is separated from the mainland northward by
distances varying between 4 and 514 miles. The water
extending off the north-eastern and northern coasts of
the island and north-westwards as far as the mouths of
the Kalabakang River is known as Cowie Bay. The
north-western and western coasts of Sibetik Island are
separated from the mainland by Coalmine Reach, a
narrow channel with a least width of about half a mile.

The northern coast of Sibuko Bay is fronted by coral
reefs; the principal of these are Ligitan Reefs, lying
from about 5 miles south-westward to 12 miles west-
south-westward of the southern end of the reef extending
from Bum-Bum Island, and about 414 miles from the
mainland coast; several other reefs lie within 7 miles
west-south-westward of these. There are numerous
dangers lying up to 1114 miles off shore. A rock, which
dries one foot, lies about 914 miles south-east of the
eastern end of Sibetik Island, and Makasser Banks, which
are awash at low water, lie 5 miles east-south-eastward
of the south end of the island. Drying spits extend about
3 miles south-east of East Nunukan and about 414 miles
from Ahus, an island about 4 miles north of Mandul.

Depths at the northern end of the outer part of the
bay are over 100 fathoms; the whole of the southern
half is shallower and depths vary between about 30 and
4 fathoms. The channels south and north of East Nunu-
kan Island are from 4 to 7 fathoms ; in the approach to
and in Cowie Bay the depths are from 4 to 10 fathoms,
but there are depths, however, up to 17 fathoms in that
part off Tawau; in the north-west end of Cowie Bay,
which part has not been surveyed in detail, depths
would appear to be shallower. In Coalmine Reach depths
are between 6 and 12 fathoms; the channels leading
south-eastward from it to that between Sibetik and East
Nunukan Islands are shallower and have depths of about
2 fathoms.

Tawau, on the North Borneo coast opposite the
middle of Sibetik Island, is the only port of consequence
in the area. It has a pier with 17 feet of water alongside.
Vessels also load logs at an anchorage at the north-east
end of Coalmine Reach. Semporna, in the channel be-
tween Bum-Bum Island and the mainland, is a small
fishing port.

Tidal streams in Cowie Bay and its approach run up
to 234 knots. There are several beacons marking some of
the reefs and there are navigational lights at Tawau and

on the coast about 6 miles eastwards to assist approach
at night.

Cowie Bay and its approach have a breadth at the
entrance, from the east end of Sibetik Island to the main-
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land north-north-eastward, of about 1115 miles and a
penetration of 29 miles.

The international boundary runs through the Sino
Solan River, thence midway between its eastern en-
trance point and the north end of East Nunukan Island
to the parallel of 4° 10’ North, thence it crosses
Sibetik Island on this parallel.

Thus, in Cowie Bay and its approaches about one-
eighth of the coastline is Indonesian and the remainder
territory of North Borneo. In Sibuko Bay as a whole,
when including the coastline of Sibetik and Nunukan
Islands, as a rough approximation about half the coast-
line belongs to each State,

IV. CHINA
1. The Hong Kong area

References : Charts, Nos. 3026, 2562, 3605
China Sea Pilot, Volume 1, Second Edition, 1951

The Hong Kong area involves the territories of three
states, that of China, the Portuguese territory of Macao
and the British territory of Hong Kong and its leased
territory ; these will be dealt with in three parts:
(a) the China and Hong Kong territory on the west;
(b) the China and Hong Kong territory on the east;
and (c) Macao.

(a) Deep Bay (Annex, map No 34)

On the west, the Treaty boundary between China and
Hong Kong crosses the neck of the promontory at the
southern end of which is the island of Hong Kong, and
reaches the coast close westward of the mouth of
the river which enters the seat at the head of Deep Bay
or Hau Hoi Wan. The boundary thence follows the
high water line of the northern and western shores of
the bay to South-West Point, its northern natural en-
trance point.

Deep Bay is entered between South-West Point and
Black Point, 4 miles southwards, and has a penetration
of about 814 miles. The narrowest part of the bay lies
about 4 miles within the entrance and is 2 miles wide.
Mud flats, which dry, extend up to about three-quarters
of a mile from the coast on all sides of the inner part
of the bay. About 3 34 miles within South-West Point, and
about a mile from the north-west shore, is a small drying
rock ; a similar rock lies nearly half a mile off the south-
east shore and about 634 miles within Black Point.

North-west of the bay lies the entrance to the Chu
Chiang or Canton River. Near the middle of this en-
trance, and fronting Deep Bay, is the Chinese island of
Nei-Ling-Ting ; this island is 5 miles south-west of the
northern entrance point of Deep Bay and 4 34 miles west
of its southern entrance point. About 2 miles south-west
of Black Point is Tung Kwu, an islet, the northern of a
group extending about 214 miles southward, all of which
are Hong Kong territory.

Depths in the bay are between one and 3 fathoms
at the south-western end and less than one fathom at
the head of the bay. A deep channel leading past the
north end of Lantao, from the waters of Hong Kong

harbour, leads across the entrance to the bay and east.
wards of an extensive bank with less than 3 fathoms over
it, on which lies Nei-Ling-Ting, into the Chu Chiang,
There are no ports within the bay.
Approximately half the high water coastline of the
bay is in Chinese territory and the remainder is territory
of Hong Kong.

(b) Mirs Bay (Annex, map No 35)

On the east, the Treaty boundary between Chinege
and Hong Kong territory meets the coast close eastward
of Sha Tau Kok, a village near the head of Starling Inlet,
an indentation at the north-west end of Mirs Bay. The
boundary thence runs north-eastwards along the high
water line of Mirs Bay to Chun Pei Ngaam, the eastern
natural entrance point of Mirs Bay.

Mirs Bay is entered between Chun Pei Ngaam and
Tam Long Sui, a headland about 534 miles west-south-
westward. The penetration of the bay to its north-west-
ern end is about 14 miles. Its eastern and northern shores
are comparatively regular, but the western side has
many deep indentations. The principal of these are Tolo
Channel and Starling Inlet.

Tolo Channel, about the middle of the west coast of
the bay, is about 6 miles long and about three-quarters
of a mile wide ; its south-western end widens into an
area about 514 miles long, with a maximum width of about
3 miles, somewhat encumbered with islands, forming
Tolo Harbour, Plover Cove and Tide Cove.

Starling Inlet at the north-west end of the bay runs
in a south-westerly direction for about 314 miles, with a
general breadth of about three-quarters of a mile.

There are a number of islands and islets in Mirs Bay;
the most important of these are as follows:

Gau Tau, an islet, near the middle of the bay and
234 miles within the entrance ; a drying rock lies about
half a mile south-west of it.

South Gau, about 214 miles within the entrance and
more than a mile off the western shore.

Peng Chan, about 614 miles within the entrance and
about 114 miles from the north-east shore.

Peak Rock, near the middle of the northern side of
the bay and a third of a mile off shore.

In the southern approach to Tolo Channel are Tap
Mun Chau and Chik Chau, with several islets near them.

Between Tolo Channel and Starling Inlet are Ngo Mei
Chau, Pak Sha Chou and Crooked Island with other
islets and rocks between them and the mainland.

Depths in Mirs Bay are in general between 7 and 12
fathoms, but are less in Tolo Harbour, Starling Inlet and
the various coves around the bay. In general, the coasts
are steep-to, but the ends of Tolo Harbour, Tide Cove
and Starling Inlet all dry out.

Navigation within the bay is not difficult, but car
must be taken to avoid numerous fishing stakes, some
of which are situated in depths up to 9 fathoms. Ther®
are no ports in the bay, but there are several snug
anchorages for vessels with local knowledge. Goo
anchorage may be obtained in the bay during typhoons-
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Excluding the coastlines of the many islands and that
of the inlet of Tolo Channel, about half the high water
coastline of the bay is Chinese and the other half the
territory of Hong Kong.

(c) The Macao area (Annex, map No 36)

The Portuguese settlement of Macao consists of
the small peninsula at the south-eastern end of Aomen
Tao, a large Chinese island towards the south end of the
delta of the Chu Kiang, Ilha de Taipa and Ilha de
Coloane. The northern boundary is on the narrow
isthmus joining the peninsula to Aomen Tao. The
peninsula is about 214 miles long and about 115 miles
wide. I. de Taipa lies about 114 miles southwards of the
southern extremity of the peninsula and I. de Coloane
about a mile southward of the 1. de Taipa.

A breakwater extends nearly 2 miles south-eastward
from the south-eastern end of the peninsula, and off its
end there is a short detached breakwater parallel to it.
A drying bank surrounds I. de Taipa, and a similar bank
connects I. de Coloane to the Chinese islands north-
westward and westward of it. Between the peninsula and
L. de Taipa, a narrow drying spit extends eastward from
the southern side of the island close westward of the
peninsula. Close off the eastern end of I. de Taipa is a
small rock 36 feet high and, nearly a mile northward
of it, is a drying rock.

The whole of the area lies within the one-fathom
depth contour, and the port is liable to silting. At high
water, vessels of less than 14-foot draught can enter;
the rise of the tide is about 9 feet at springs.

About 314 miles north-east of the peninsula, and up to
2 miles off shore, lie the Chinese islets of Ta-Chou-Chou.
About 214 miles south of the southern side of I. de
Coloane is the south-east extremity of the Chinese island
of Ta-Heng-Chin. About 8 miles eastward of the extre-
mity of the breakwater lies the Chinese islet of Ching
Chou ; this is the northern of a chain of islets which
extends about 10 miles south-south-westward.

Pilotage is compulsory in the port of Macao.

2. Yalu River (Annex, map No 37)

References : Charts, Nos. 1256, 1257, 3652

China Sea Pilot, Volume III, Second Edition,
1954

The Yalu River forms the boundary between China
and North Korea and flows into the northern side of the
aswlaqg Hai or Yellow Sea. Its estuary may be considered
.Jg north of a line joining Tefa To, an island 8
. s south of the southern extremity of Chorusan
Tinsula on the east side of the estuary, to Kulungshan
WardtheT western sh'ore about 34 miles north-west-
tratic he estuary is funnel-shaped and has a pene-
arg I northwar_ds of about 17 miles to where the river
OWS to a width of 3 miles.

th A number

e o mber of islands and islets lie within the estuary,
Principa)

of these are :

Ka To and several islets lying between the Chorusan
Peninsula and Tefa To.

Banjo Islands, 6 in number, about 10 miles west of the
western coast of the Chorusan Peninsula,

Oyan To, about midway between Ka To and the
Banjo Islands.

Un To, about 214 miles north of the western islands
in the Banjo group.

Katchiri To, about 312 miles north-east of Un To.
Tashi To, about 4 miles north of Un To.

Shinto Islands, comprising a large island and several
islets, about 11 miles north-west of the Banjo Islands
and about 6 miles from the western shore of the estuary.
Northward of these islands towards the part where the
estuary rapidly narrows are several low, flat, swampy
islands.

The Banjo Islands lie on a large drying bank which
extends 4 miles southward of them. Westward and north-
ward of this bank, almost the whole of the estuary is
filled with numerous banks of sand and mud, most of
which dry; these banks are intersected by many chan-~
nels which are constantly shifting. Drying mud flats also
extend up to 3 miles from the western side of Chorusan
Peninsula ; between these and the banks off the Banjo
Islands are two deep-water channels which are ob-
structed by flats at the northern ends.

There are only two practical channels into the river,
one west of the Banjo Islands and the other west of the
Shin To Islands ; the former is that more generally used,
as the northern end of the latter is liable to shift. The
fairways and depths in the river vary from month to
month, and the limiting draught of vessels using them
are determined from time to time by the pilots. Vessels
with a draught of 13 feet can usually reach Ryuganpo
on the east bank, about 10 miles above the Shin
To Islands, and those with a 10-foot draught might reach
Shingishu on the east bank and Antung on the west
bank about 13 miles further up river. There is anchorage
near Tashi To, to which goods are transported by
lighter. Close north-eastward of this, on reclaimed land
extending from the mainland, is an artificial port with
depths up to 30 feet alongside, whence iron and
aluminium are shipped. This was still being completed
in 1949 when the depth in the approach channel was
20 feet. In the estuary, the rise of the tide at springs
is about 21 feet and at Antung it is about 10 feet. The
channels are marked by buoys and beacons which are
frequently moved as the channels alter. Tidal streams
in the estuary are strong and may run at a rate of 334
knots, while in the river at time of floods, a rate of 5
knots with the ebb may occur. From the end of October
to the beginning of May, the river may be closed by
ice. It is dangerous to take the ground in the estuary or
river as the sand banks are very steep and with a falling
tide a vessel is liable to capsize; this is a particular
danger owing to scour should a vessel be grounded
athwart the channel. All vessels should employ a pilot.

The international boundary lies towards the western
side of the estuary. Approximately one-third of the
coastline of the mainland of the estuary lies in Chinese
territory.
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3. Mouth of the Tyumen River (Annex, map No 38)

References : Chart No. 2432

South and East Coasts of Korea, East Coast of
Siberia and Sea of Okhotsk Pilot, Fourth Edition,
1952

The Tyumen River near its mouth forms the boun-
dary between North Korea on the south and the Union
of Soviet Socialist Republics on the north, The western
bank is high, but the eastern bank is a marshy plain.
At the time of the survey for the chart, the river had an
entrance about 114 miles wide which was nearly closed
by a narrow islet about three quarters of a mile long,
the seaward coast of which followed the general direc-
tion of the shore. There were only narrow channels on
each side of the islet leading into the river and that on
its north-eastern side was the wider. Within this islet,
and towards the Korean side, were several other islets
extending about 134 miles up the river.

Depths close off the islet in the entrance are charted
as 3 and 134 fathoms, but in 1923, the date of the last
available information, the average depth in the entrance
was about 6 feet. Small craft with local knowledge could
then enter the river in calm weather. The river is much
swollen in spring when the snow melts and after heavy
rains ; it is frozen over for several of the winter months.
A high-power coastal navigational light is situated on
the eastern side of the mouth of the river; there is
another about 3 miles south-west of it.

It is believed that the international boundary passes
through the channel on the north-eastern side of the
islet in the entrance.

V. EUROPE
1. Gulf of Trieste (Annex, map No 39)

References : Charts, Nos. 201, 1434

Mediterranean Pilot, Volume

Edition, 1946

III, Seventh

The Gulf of Trieste lies at the north-east corner of
the Adriatic Sea. The international boundary between
Italy and Yugoslavia meets the sea in a small bay
formed between Grossa Point and Sottile Point on its
south-eastern side.?

The Gulf may be considered to extend from Salvore
Point, the north-westernmost point of the Istria Penin-
sula and Porto Grado about 12 miles north-north-west-
ward. The gulf is roughly in the shape of a rectangle,
and has a penetration of about 1314 miles. The narrowest
part is about 914 miles wide. Its south-eastern shore is
steep-to and is indented by several small bays, the
principal being Perano Bay, Capo D’Istria Bay, San
Bartolomeo Bay and Muggia Bay. The north-eastern
shore is also steep-to and is comparatively straight ; the
north-western shore is low, swampy, intersected by a

3 See now the Memorandum of Understanding between Italy,
the United Kingdom, the United States of America and Yugo-
slavia regarding the Free Territory of Trieste, London, 5 Octo-
ber 1954. Annex I to this Memorandum gives the new agreed
boundary. U.K. Cmd. 9288, Miscellaneous No. 30 (1954)
Trieste.

number of creeks and is fronted by a drying mud bank,
Panzano Bay, about 3 miles across, cuts into the north
corner of the gulf.

Depths in the gulf are in general between 12 ang
8 fathoms. In the small bays on the south-eastern shore,
they are slightly less, and depths less than 6 fathoms
extend up to 3 miles from the north-western side,
About 3 miles east of the entrance to Porto Grado the
drying mud bank extends up to a mile offshore, and off
the mouths of the Izonzo River, about 6 miles north-
eastward, the drying banks extend up to a similar
distance.

The modern port of Trieste lies on the coast close
northward of Muggia Bay which also forms part of it,
This bay is partially enclosed by a detached breakwater,
The largest ships can be accommodated. Trieste is a free
port. Monfalcone lies inside the head of Panzano Bay
and is the centre of a ship-building industry.

The international boundary meets the coast near the
head of San Bartolomeo Bay, which lies 10 miles north-
eastward of Salvore Point. It is a small indentation be-
tween Grossa Point and Sottile Point about a mile
north-eastward, the penetration is a little more than
half a mile, but does not conform to the definition of a
bay in article 7 of the International Law Commission’s
1956 report. The Italian quarantine station for Trieste
is situated at the northern end of the bay.

Other than the banks and shallows on the north-
western side and a few submerged wrecks, there are no
navigational dangers in the Gulf and navigation is
simple. For night navigation there are ample high-
powered lights. There is a rise of only one to 2 feet
in tide, but the general water level, with prolonged
winds, may alter by several feet. The Gulf is subject to
Boras, which are gale force winds and violent squalls
from between north and east which frequently set
in with little or no warning and may blow
for several days.

Very approximately, a quarter of the coastline of the
Gulf is in Yugoslav territory.

2. Ems and Dollart (Annex, map No 40)

References : Charts, Nos., 2181, 3761, 3509
North Sea Pilot, Part IV, Tenth Edition, 1950

The estuary of the River Ems, between the high watef
lines, is shaped roughly like a bent funnel, and for the
main part lies between the East Friesian coast ©
Germany and the Groningen coast of the Netherlands.
Its seaward limit may be considered as extending ﬁog;
Norddeich on its northern side to the Netherlal
coast about 18 miles south-westward. The penetration 10-
land is about 20 miles. The coasts on both sides are 10¥
and flat and for considerable distances are forme 4
dykes. That from Norddeich trends south-south-wes
wards and southwards for about 18 miles to Knock, atlixe
then turns abruptly eastward for about 7 miles 0 of
mouth of the River Ems, which is about three-quarters .
a mile wide. At the river mouth, the coast turms tﬁ;
southerly direction for about 514 miles, thence westh1
for about 5 miles, and thence in a curve northward o
north-westward for a similar distance to form
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pollart. From the western entrance point of The Dol-
Jart, the coast turns to a west-north-westerly direc-
tion for about 6 miles to Delfzijl, and thence in a
portherly direction for the same distance, whence it turns
west-north-westward for about 6 miles to the south-
western end of the estuary. The coast then continues
westward and west-south-westwards. Thus The Dollart is
a bay at the inner end of the estuary, roughly square
in shape with an entrance about 5 miles wide, a pene-
tration of a similar distance and a maximum width of
just over 6 miles.

A number of islands front the estuary, The most im-
portant is Borkum, lying about 12 miles west of
Norddeich and about 6 miles from the Netherlands
coast. This island lies on a drying bank which extends
about 6 miles south-eastwards from it and into the
estuary. About 214 miles north-east of Borkum lies the
island named Memmert Sand, with the western end of
Juist about half a mile northward of it. Both these
islands lie on an extensive drying bank which stretches
up to 10 miles from the coast south-south-westwards
from Norddeich., Rottumer Oog, with Rottumer
Plaat 114 miles westward, lies about 3 miles south-west
of Borkum on the extensive drying bank which stretches
nearly 714 miles northward of the Netherlands coast at
the western end of the estuary as described above.

Detached drying sand banks lie up to 214 miles north-
west of Borkum. Inside the estuary at its northern end,
the low water line is situated about a mile from the
coasts on either side, but further in, from Knock east-
wards and off Delfzijl, it is close to the coast. Parallel
to the coast, off the latter port, however, there are
three extensive detached drying banks which nearly fill
the estuary. The narrow channel leading to Emden and
the River Ems is confined on its southern side by a
large drying bank extending from the east shore of The
Dollart, which bay or indentation is almost completely
filled by a drying bank.

Except for the main navigational channels, depths in

© estuary are shallow. Shoal water also extends 10
liles west and 6 miles north-west of Borkum. There
are channels on both sides of Borkum, that on the north
1 named Oster Ems and that on the south Wester Bms ;
the for‘mer is not of importance to sea-going traffic, the
latter is divided into two by a shallow bank. Depths in
all the channels in the estuary are liable to frequent
Change. Between Knock and Emden the channel is
me}iged over a narrow width and a depth of 23 feet is
w:tmtamed. Vessels drawing up to 29 feet can, at high
eer_,_ reach Emden on the north side of the estuary and
. Il on the western side; both these ports have
b g accommodation and all modern facilities. They
De]fz'%lve access to extensive inland canal systems.
pass i!llj can be reached by the deeper draught vessels by
detachg deaSt,_ south and then west of the extensive
dray h?‘, drying banks lying off this port,.or by light
. gethVCssels by a direct channe]l between them and
woyeq erlands coast. The main channels are all well
the ide and marked by beacons and lights. The rise of
Channelsls about 10 feet at spring tides. In winter the
i8 Strop are seldom completely frozen over. Pilotage
Tedge, Ot% recommended for ships without local know-
which I small ports in the estuary are Norddeich,
45 2 depth of about 7 feet in the approach;

Termunterzijl, about 4 miles east-south-east of Delfzijl,
which has about 4 feet in the approach chanmnel, and
Nieuwe Statenzijl in The Dollart; both the latter ports
give access to the Netherlands inland waterway system.
The River Ems is navigable for sea-going vessels for
about 22 miles.

The international boundary between Germany and
the Netherlands meets the coast near the south-east
corner of The Dollart, thence runs northward to a line
joining the entrance points of that inlet, whence it turns
westward along this line and continues westwards and
northwards near the Netherlands coast to a position
about 5 miles north of Delfzijl; it there leaves the
immediate vicinity of the coast and continues seaward
in a curve to a position between the islands of Borkum
and Rottumer Oog.

3. Lough Carlingford (Annex, map No 41)

References : Charts, Nos. 44, 2800, 2810
Irish Coast Pilot, Tenth Edition, 1954

Lough Carlingford lies between Eire and Northern
Ireland; the international boundary meets the west
bank of the Newry River about 114 miles above
Warrenpoint at the head of the lough. The entrance to
the lough is between Cranfield Point in Northern
Ireland and Ballagan Point in Eire, 2 miles south-west-
ward. The lough is restricted 2 miles within the entrance
to a width of one mile and thence abruptly widens to
3 miles. A general width between one and 2 miles is
thence maintained to the head into which the Newry
River flows abreast Warrenpoint. The penetration of the
lough is about 8 miles.

The low-water line extends for about 300 yards off
Cranfield Point and a drying rock lies about 400 yards
further seaward. Off Ballagan Point, the low-water line
extends as a spit about half a mile south-eastwards;
there are a few detached drying rocks within 300 yards
of the end of this spit. Close within the entrance, the
lough is almost completely obstructed by shoals and
drying rocks lying near the middle, whose positions can
best be seen on the chart; on the largest of these is a
small island named Block House Island. About 134 miles
within, towards the north-eastern side, is Green Island,
with drying rocks between it and the coast eastwards.
Northward of this island, where the lough widens
abruptly, the low water lines extend from the eastern
shore for about 114 miles and from the western for about
three-quarters of a mile over a distance of about 112 miles ;
there are several drying patches near the middle of the
lough here. Elsewhere within the lough, the low water
line is, in general, less than a quarter of a mile off shore.

The following small ports lie within the lough:

(i) On the Eire side: Greenore, with about 14 feet
of water at its pier, lying about 2 miles within the
entrance ; Carlingford, about 134 miles further in where
there is a small tidal harbour which dries out.

(ii) In Northern Ireland : Warrenpoint, at the head
of the lough on the eastern side of the Newry River,
where there are small quays which dry out and a patent
slip ; Victoria Lock, 214 miles within the Newry River
and at the entrance to a ship canal, where there are
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quays with 16 feet of water alongside ; and Port Newry,
514 miles north-west of Warrenpoint and reached by the
ship canal, where there is a wet dock with a depth of
13 feet.

There are two approach channels to the lough between
shoals lying in the entrance; the eastern is that most
generally used and it runs about a quarter of a mile west
of the low water line off Cranfield Point; a depth of 17
feet is maintained therein by dredging. The channel
thence passes eastward of Block House Island and the
drying rocks in the entrance. Sheltered anchorage may
be obtained in depths of from 7 to 10 fathoms between
these rocks and those off Green Island. Above Greenore,
there is a bar across the lough with a least depth of 11
feet on the leading line. Above this, the depths near
the middle of the lough increase to between 30 and 42
feet in the fairway. For 214 miles from the head of the
lough, the water shoals gradually to a depth of about
4 feet off the entrance to the Newry River. The intricate
channels into the lough are well marked by buoys and
navigational lights. The rise of the tide is 15 feet at
springs. Tidal streams are stong; in the entrance they
may run up to a rate of 314 knots, and off Greenore
up to 5 knots. It is recommended that vessels take a
pilot.

Approximately half the coastline of the lough is
territory of FEire.

4. Lough Foyle (Annex, map No 42)

References : Charts, Nos. 46, 2499, 2486
Irish Coast Pilot, Tenth Edition, 1954

Ont he north coast of Ireland, the boundary between
Eire and Northern Ireland meets the coast in the south-
west corner of Lough Foyle. This lough is the extensive
estuary of the River Foyle which flows into its head.
It is entered between Magilligan Point in Northern
Ireland and the Eire coast little more than half a mile
north-westward ; the penetration is about 1214 miles.
From Magilligan Point, the lough gradually broadens
to reach a maximum breadth of 634 miles about 7 miles
within the entrance; it then gradually narrows again
to the head where the River Foyle, at its entrance, is
about half a mile wide. The greater part of the lough is
occupied by shoals. The low-water line on the eastern
side of the lough extends up to 114 miles off shore in
places, while off the north-western shore it is compara-
tively close in. There are a number of drying patches
within the lough, the principal of these are on the
following banks, the positions of which can best be seen
on the chart ; the sizes, shapes and exact positions of the
drying patches are liable to frequent changes:
McKinneys Bank, North Middle Bank, Great Bank,
South Middle Bank and Roof Banks.

The channel through the entrance is deep and
continues for a distance of about 4 miles, having an
average width of about half a mile, with depths greater
than 6 fathoms ; this area affords secure anchorage for
large vessels and there are a number of mooring buoys.
The navigational channel thence continues between the
coastal bank on the north-west side of the lough and
the North Middle and Great Banks to the entrance to the
River Foyle. The axis of this channel lies at a maximum

distance of just over half a mile from the low water line
off the Eire shore. A constant depth of 20 feet at loy
water is maintained in the channel by dredging operationg
carried out by the Londonderry Port and Harbour Com.
missioners. The rise of the tide at springs is about §
feet. Tidal streams run at maximum rates of between 2
and 314 knots, the latter rate in the entrance. Thjg
channel is amply marked by beacons carrying navi-
gational lights.

The area south-east of this main channel consists
primarily of sand and mud banks with little or no water
on them at low tide, interspersed with channels running
in the general direction of the lough; none of these,
however, give access to the River Foyle.

Londonderry is the only port within the lough; it
lies in Northern Ireland about 5 miles up the River
Foyle. There are berths there with modern facilities
which can accommodate vessels up to 23 15-foot draught,
Moville is a town on the Eire coast about 214 miles
within the entrance, it has a small boat harbour and
landing can be effected.

Pilotage is compulsory within the lough. The pilot
station is close southward of Inishowen Head (see
below).

The land boundary between Eire and Northern
Ireland meets the coast in the vicinity of Muff, on the
western side of the lough near its head.

Rather more than half the coastline of the lough
is territory of Northern Ireland.

Outside the entrance to the lough, the Eire coast
continues in a north-easterly direction for about 2%
miles to Inishowen Head and thence turns north-
westwards ; the coast of Northern Ireland at Magilligan
Point turns south-eastwards and eastwards in a curve for
about 814 miles ; it then trends northward and north-east-
wards to Ramore Head, whence it takes a genera
east-north-easterly direction. The approach to Lough
Foyle may be considered as lying between Inishowen
Head and Ramore Head, 9 miles eastward. Northwards
of Magilligan Point, a shallow bank named The Tuns
extends for 3 miles with its western edge parallel to and
about three-quarters of a mile from the Eire coast. This
bank is separated from the coast of Northern Ireland by
a narrow channel with a least depth of 12 feet. The
channel between the bank and the Eire bank is deep_ﬁlﬂd
is that normally used. Eastward of The Tuns 15 2
trawling ground.

5. Flensborg Fjord or Flensburger Forde
(Annex, map No 43)

References : Charts No. 3562, 2117

Baltic Sea Pilot, Volume I, Seventh Editio®,
1944

The Flensborg Fjord or Flensborger Forde, as I.CBOYJD
to the Germans, is a narrow, winding fjord pl'OJe"tlllg
westwards into the land from the extensive water ar°
south of the Little Belt in the western end of the Baltt‘;é
Its entrance points may be considered as Pgls Huk, 4
south-eastern extreme of the Danish island of Als, 2%
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Falshoft, the north-western entrance point of Kiel Bay
sbout 7 miles south-westward. The entrance is rapidly
narrowed to a width of about 312 miles between Kegnes,
a peninsula on the south side of Als, and Birknack, a
cominent point on the German mainland which
forms the north-eastern entrance point of Geltinger
Bucht. The fjord is then widened to its maximum
preadth of 93 miles by Geltinger Bucht on the south
side and Sgnderborg Bucht on the north. The former
bay has an entrance 4 miles wide and a penetration of
23 miles ; the latter has a breadth at its entrance of 5
miles and a penetration of about 3% miles; Als Sund,
the narrow strait separating the island of Als from the
mainland of Denmark, leads from the head of the bay.
West of these bays and 914 miles within the entrance,
the fjord narrows to a breadth of about 134 miles ; thence
general widths of ome to 134 miles are retained to
its head. About 14 miles within its entrance, the fjord
changes its general westerly direction to a northerly one
for about 214 miles ; thence, doubling round the northern
end of the peninsula of Holnis, it takes a general south-
westerly direction for about 712 miles to its head. North
of Holnis, the northern shore is indented by Nybgl Nor,
a sheet of water about 2 miles long and nearly a mile
wide which is entered by the very narrow Egernsund.
West of Holnis is the narrowest part of the fjord, where
it is about three-quarters of a mile wide. There are two
islands within the fjord; these lie close together with
their extremes about half a mile from the Danish shore,

?.bmét midway along the innermost reach of the
ford.

’

Depths in the fairway through the outer part of the
fiord as far as the western extreme of Sgnderborg Bucht
are no less than 10 fathoms, thence they decrease to
general depths of more than 5 fathoms, except in the
narrows off Holnis where there are some shoals, the least
depth on the leading line there is about 22 feet. Under
ordinary conditions, vessels with a draught of 1914 feet
can berth at Flensburg. Shoal water, in general, extends
Seaward off most of the prominent points. An extensive
bank, with less than 6 fathoms over it and a least depth
of one fathom, lies in the middle of the entrance to
h? fiord, the main approach channel for larger
;, Ps leads south of this. The main fairway through the
jord is well marked by buoys and leading beacons.
ere are ample lights for night navigation.

. There is no appreciable tidal movement, but the water
a:gl may alter dependent on the direction, strength
. duration of the wind. The ordinary variation is only
nortlg a foot, but prolonged gales between west and
™ ~West lower it, at times, from 5 to 7 feet below the
20 level. The fjord freezes completely over only in

se ; .
Vere winters, when it may be closed from one to two
months,

er[r'ge mam ports within the area are Flensburg, on the
Danis]aln Side, and Sgnderborg and Egernsund on the
ishi 1ilde. Besides these, there are a number of small
Dthergl arbours and piers for the shipping of tiles and
Quaya ocal manufactures. Flensburg has considerable
Ny nglgdand can 'b'e_rth vessels drawing 1914 feet ; there
Stnderp, em facilities and repairs can be executed.
arve Org, lying close within Als Sund, has piers and

$ with depths of from 8 to 24 feet alongside and

other facilities. Egernsund has a number of small piers
with depths alongside of from 12 to 15 feet.

The international boundary meets the coast at the
north-western corner of the head of the fjord, and thence
continues eastwards to approximately the axis of the
fairway through the fjord, which it follows to the en-
trance. The boundary is marked for the most part by
leading beacons and lights.

Both German and Danish pilots may serve in the
waters of either country but a vessel may be piloted into
a harbour only by a pilot of the country which owns the
harbour.

Vessels navigating in the fjord are forbidden to close
either the German or Danish coasts within a distance of
200 metres without special permission, except in the
case of ordinary navigation through the narrow channel
west of Holnis. Navigation is also forbidden in the
waters between the northern side of the Kegnes Penin-
sula and the coast northwards. Landing from Danish
territorial waters may only be effected at Sgnderborg,
Egernsund and Graasten, and police permission is
required to do so. The above regulations apply west of
a line joining the south-east extremity of Kegnes and
Birknack.

Intensive fishing is carried out throughout the year
in the whole fjord.

Approximately half the coastline is Danish and the
other half is German.

6. Estuary of the Bidasoa River (Annex, map No 44)

References : Chart No. 2665 and plan
Bay of Biscay Pilot, Fourth Edition, 1956

The Bidasoa River for the last few miles of its course
forms the international boundary between France and
Spain. At the international bridge at Hendaye, the river
flows into an estuary almost completely filled with
banks which dry several feet at low water. This estuary
is about 134 miles long and has a maximum width of
about three-quarters of a mile; its seaward end is
constricted to a width of about a quarter of a mile by
a low sand spit terminating in Pointe Francaise. There
are breakwaters from this point and the opposite shore.
The estuary then opens out into a bay named Higuer
Road. The entrance to this bay lies between Cabo
Higuer, the northern point of an islet on a drying ledge
extending from the northern end of Punta Erdico on
the Spanish coast, and Pointe Ste. Anne on the French
coast nearly two miles east-south-eastward. The pene-
tration of the bay to Pointe Frangaise is about 114 miles.
Les Briquets are detached rocks, which dry 6 feet with
their outer edge three-quarters of a mile north of Pointe
Ste. Anne; Roches Noire are some small detached
above-water rocks lying on a drying ledge which extends
about a quarter of a mile northward of that point.

Depths in the entrance to the bay are about 11 fath-
oms. These depths decrease to the head where the drying
banks intersected by the winding channel from the river
extend nearly half a mile northward of Pointe Frangaise
and for a similar distance from the south-western shore.
The narrow channel into the river has about a foot of
water in it at Jow tide.
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Anchorage may be obtained in the bay, sheltered
from winds from the east through south to west. With
winds from seaward this anchorage is unsafe. There is
a small harbour of refuge formed by two short moles
about a quarter of a mile southward of Punta Erdico;
its entrance is 100 feet wide and depths within from 9
to 20 feet. The rise of the tide at springs is about 14
feet.

Fuenterrabia is a small fishing centre on the Spanish
side of the estuary nearly opposite Hendaye.

Within the bay is a “neutral area” for the use of
both French and Spanish vessels ; this is marked by the
alignment of beacons on the shore. This area to the low-
water line at the head of the bay is less than three-
quarters of a mile long and nearly a mile wide and
encloses the best anchorage. From the northern end of
this area, the international boundary through the terri-
torial sea passes northward about equidistant from Cabo
Higuer and Les Briquets.

About half the coastline is French and the other half
is Spanish.

7. The mouth of the River Mino (Annex, map No 45)

References : Chart 1752

West Coasts of Spain and Portugal Pilot, Third
Edition, 1946

Owing to the small scale of the available charts, this
description is perforce brief.

The lower reaches of the River Mino form the boun-
dary between Spain on the north and Portugal
on the south. The entrance lies between Punta de los
Picos and Ponta Ruiva about three-quarters of a mile
southward. About a quarter of a mile westward of the
latter point is a low islet with a fort on it, named Ilha
Insua. The river mouth is fronted by a rocky bar ; there
are, however, channels leading on both sides of Ilha
Insua; that on the north is widest and is encumbered
with rocks but has a depth of about 10 feet in the fair-
way at high water springs ; that on the south side also
has many shoals and a depth of 13 feet at high-water
springs. The sea breaks across both channels if there is
any swell ; the depths are variable.

Within the river are many shifting shoals and banks ;
entry and passage can, however, be made by light
draught craft with the aid of an experienced pilot. About
114 and 2 miles within the entrance are two fishing
villages one on each bank of the river ; anchorage may
be obtained off them in depths of about 10 feet.

Both Spanish and Portuguese pilots can be obtained.

8. Idefjord and its approaches (Annex, map No 46)

References : Charts Nos. 3160, 2330, 121
Norway Pilot, Part I, Seventh Edition, 1948

The boundary between Sweden and Norway meets
the sea near the western side of the head of Idefjord,
thence passes through this fjord, through Ringdalsfjord,
Svinesund, Saekken and thence seaward through the
islands and rocks off-lying the coast. This description
will follow the above order.

Idefjord is a long, straight fjord, running in a nog,.
north-westerly direction, about 9 miles long with ,
general width of less than half a mile. Its maximum apg
minimum breadths are three-quarters of a mile apq
about 300 yards. Its general depths are from 18 to 514
fathoms, except for about 134 miles from the head which
shoals from depths of 2 fathoms. The small islet of
Halleholm lies about 6 miles from the head towards the
eastern side and is territory of Sweden.

The north-eastern end of the fjord widens somewhat
but is partially filled by the islands of Brattgen ang
Saugen, both of which lie on the Norwegian side of the
boundary. At the north-eastern corner of the fjord ligg
the small port of Halden, where there are berths
alongside in 16 to 25 feet.

At the north-western end of Idefjord, the waterway
turns abruptly south-westwards to become Ringdals
Fjord and then Svinesund. Ringdals Fjord is about 13
miles long with a general width of about a quarter of
a mile. The channel is restricted at the north-western end
to a breadth of little more than 100 yards by the
Norwegian islet of Knivsg.

Svinesund joins Ringdals Fjord to Saekken; it is
about 214 miles long and is extremely narrow. About
half way along it is crossed by a bridge with a height
of 190 feet. Westward of this is a dredged part
of the channel having a breadth of 128 feet with a
depth of 23 feet.

Saekken is the continuation of the channel seaward.
This cuts across the southern end of the sheet of water
lying between the mainland and the islands of Kirkg and
Singlg, known as Single Fjord, thence continues in
a south-south-westerly direction between the Norwegian
islands of North and South Sandg and the Swedish main-
land, and thence between the Norwegian island of
Herfgl and the Swedish islets of Tjurholm and North
Hallsg to the northern end of Koster Fjord.

This stretch of the channel is about 8 miles long ’flﬂd
has a maximum width of rather less than half a mile;
it is deep with depths of from 25 to 60 fathoms. Herfd,
South and North Sandg, with a few rocks lying off them,
are the south-easternmost of a chain of islands and
islets of which Kirkg and Vesterg are the largest, £
tending 11 miles north-westward from the Swedish
mainland and about 7 miles southward of the Norwegial
mainland.

Tjurholm and N. Hallsg are the northernmost of 3
chain of islands extending southwards for many miles
separated from the Swedish mainland and each other
by very narrow channels. In general, their westor®
extremities lie from about 114 to 3 miles from the mait”
land.

Seaward of Herfgl and N. Hallsg, the channel and
boundary take a west-south-westerly direction for aboV
8 miles to the main waters of the Skagge™
close northward of Grisbadarna, a group of shoals W
a least depth of one fathom.

South-westward of the chain of islands of Wh.mh
Herfgl forms the southernmost, and on the NOIWﬂgla?l
side of the boundary, are a number of shoals 2/
detached above-water rocks and islets ; these lie 18 t[‘:i]
groups. The inner group extends about 2 miles no
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gestward and lies from about 2 to 314 miles westwards
of Herfgl; the largest islet is Tisler, and the most
couthern above-water rock is Svarteskjoer, which lies
sbout 2 miles from Herfgl and a mile north of the
poundary. The outer group, enclosed within an area
sbout three-quarters of a mile wide, extends about 4
miles north-westwards from Knubben, a small above-
water rock close south of Heia, the largest in the group,
lying about 514 miles west-south-westward of Herfgl.
Heifluene is a group of sunken rocks, some of which
are awash at low water, lying up to half a mile south-
east of Knubben.

On the Swedish side of the border, a chain of islands,
idlets and rocks lies approximately. parallel to the outer
edge of the islands mentioned above, lying south of
Tjurholm and close to the mainland coast ; Koster Fjord
about 112 miles wide separates these two chains. This
outer group extends southward for about 11 miles from
Kostersten, a small above-water rock, lying 2 miles
south-west of N. Hallsg. The largest islands in the
group are N. Koster and S. Koster; the most north-
western above-water rock is St. Drammen; this lies
about 214 miles south-west of Kostersten and just over
a mile from the international boundary. About 3 miles
west of this rock are the Grisbadarna shoals.

On the Swedish mainland coast about 5 miles east of
Kostersten is the small port Strgmstad. On the Norwe-
gian mainland about 10 miles north-west of the
enfrance to Svinesund is the port of Frederikstad.

The international boundary for about 4 miles from
Srisbadama is marked by buoys, and thence by leading
£acons.

South-eastward of the boundary, between Gris-
!Ja_darna and North Koster, is a fishing ground in which
1t1s prohibited to anchor.

9. Head of Bottenviken (Annex, map No 47)

References : Chart 2302
Baltic Pilot, Volume III, Fourth Edition, 1951

The boundary between Sweden and Finland meets
the coast at the mouth of the Torne River, which
discharges into the head of Bottenviken ; it thence con-
tinues southward between the numerous islets lying off
o at part of the coast. The river mouth, about a quarter

a mile wide, enters the sea between the Swedish
Mamland and the Finnish island of Pirkkié and about
a _Dlllles south of the Finnish town of Turni6. Sellei is
ab 1sland close south of Pirkki6; its southern end is

Out 5 miles south of Turnié.

m]fsr‘?m the river mouth, the mainland coast of Finland
.eslftl a general south-easterly direction for about 17
Tand CO 2 promontory named Maksniemi; the main-
WesterloaSt' of_Sweden runs in a general west-south-
flos Xiilrectlon from t}_Je river mouth for about 25
Ont't arge number of 1'slands and above-water ro_cks
cir € Coast up to a distance of nearly 1414 miles,
Il,nc_posnmns can best be seen on the chart; only the
1Pal ones will be mentioned here.

is gllsi large_st islands, 314 miles long and 3 miles wide
ar lying 10 miles south-west of the river mouth,

Puukko is a small islet about 114 miles southward. About

11 miles southward of Seskar is Mal6ren, the southern-
most in this area. Sandskar lies about 5 miles north-east
of Malbren, with Seskarfurd between it and Seskar.
About 10 miles east-north-east of Sandskar, with several
islets in between, lies the islet of Sarvi, with another
close north-eastward. These latter two are close west-
ward of the Swedish-Finnish boundary which runs about
midway between them and a group of four islets about
half a mile eastward, the north-eastern of these is
Maasarvi. Moyly, a small above-water rock, lies 4 miles
south-eastward of this group and is the southernmost
Finnish above-water feature in the area now described ;
it lies about 10 miles west-south-westward of Mak-
sniemi.

Other islets and rocks lying near the boundary are:
Knifskir, two islets and a rock, 3 miles north of Sarvi
on the Swedish side; a group of five islets and rocks
of which Pensaskari is the largest, about 114 miles east
of Knifskér ; Kataja, an islet 2 miles north of Knifskir
with the two islets of Hamnskdar westward and a group
of four islets and rocks close south-south-westward, the
largest of which is Inakari. The boundary passes west of
the islet close southward of Inakari, thence be-
tween them and thence east of Kataja. Northward of
Kataja, a chain of above-water rocks extends for 2 miles,
the northernmost of these is named Launikari. About 114
miles eastward of Launikari and within a mile
southward of Sellei, on the Finnish side of the boun-
dary, lies a chain of rocks extending from the latter
island. The boundary runs between Sellei and two islets
lying about half a mile west of its western extreme.
Kraseli and another Swedish islet close northward lie off
the mouth of the Torne River.

Two buoys mark the outer line of the boundary be-
tween Maasarvi and Knifskir, thence to the Torne River
the boundary is indicated by the alignments of pairs of
beacons set up on the islets and rocks.

The whole area is encumbered with innumerable
shoals and dangers ; the fairways in use between them
are marked by beacons, buoys and lights. The area is
likely to be closed by ice from the middle of November
to the middle of May. With strong and prolonged
winds from the northern quarters the water level is
liable to drop by several feet; conversely, with winds
from the southern quarters, it is likely to rise. There is
no tide as such.

The principal ports within the area are:

On the Finnish side, Kemi, about 1114 miles south-
east of the entrance to the Torne River, where there are
depths at the quays of from 10 to 21 feet and in the
roads up to 24 feet; Royttd, the port for the town of
Torni6 lying a short way up the river, which is on the
west side of Sellei and where there are depths of 20 feet
at the quays.

On the Swedish side, Haparanda, on the mainland
opposite Tornid, where there is a quay with a depth
of 19 feet alongside, and Neder Kalix, about 24 miles
west of Torni6, where there is a depth in the roads of
27 feet. There are several landing places between Kemi
and Royttd and also on the Swedish coast west of the
river entrance.
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Pilotage is compulsory for navigation in both Finnish
and Swedish waters. Finnish customs regulations pre-
scribe that vessels bound for Kemi must adhere to the
route past Kemi lightvessel, or past Ulkokrunni and, if
bound for Tormid, to the route past Maloren lighthouse
and Puukko in Swedish waters or past Kemi lightvessel
to RoOytté.

10. The area of Viro Lachti (Annex, map No 48)

References : Chart No. 2247
Baltic Pilot, Volume III, Fourth Edition, 1951

The boundary between Finland and the USSR cuts
the coast in the south-east corner of Viro Lachti, an
indentation lying between Gevonemi and a point on the
mainland 3 miles north-north-eastward. Extending
5 miles seaward of the latter point are the islands Laid-
salm, Padio and Pukion Sari, all territory of the USSR,
these are separated by very narrow channels. The pene-
tration of Viro Lachti, from a line joining Gevonemi to
the west extreme of Padio, is 534 miles. Within these
limits about one-third of the coastline is USSR territory
and two-thirds is Finnish.

Numerous islets lie within 3 miles of the coast west-
ward of Gevonemi and east and south-east of Padio and
Pukion Sari, which can best be seen on the chart. Less
than half a mile south-east of Gevonemi is the Finnish
islet of Vango with the USSR islet of Martin close south-
east of it. Three-quarters of a mile west of the latter
lies Santio, a Finnish islet, with Parrio another close
westward. About 114 miles south of Parrio lies the islet
of Kinnar, the largest of a group of islets and rocks, and
the boundary runs through the group. About a mile
south of this group is another cluster of above-water
and submerged rocks, the largest of which is Goudr ; the
boundary passes northward, eastward and southward of
it. Five and one-quarter miles southward of this cluster
is Hallikarti, a smaller group, with Kivikari and Mata-
karti, two similar groups, lying 114 and 214 miles north-
westward and westward respectively of the latter, with
the boundary passing between. The southern end of the
demarcated boundary lies 4 miles south-south-westward
of Matakari and about midway between the island of
Sommars and Itakari, the easternmost of a large group
of Finnish islands and rocks 914 miles north-westward.
The boundary throughout is marked by buoys and
beacons.

Depths throughout the whole area are irregular and
there are many shoals and submerged rocks ; Viro Lachti
itself is encumbered by islets, above-water rocks and
shoals.

There are no ports of any consequence; a
loading place is situated about 114 miles within
Gevonemi which vessels drawing 24 feet can reach; an
authorized track for vessels drawing up to 10 feet leads
to the head of the bay. Shtandar or Kavo Road, situated
between Martin and Padio, is sheltered except for the
south-eastern quarter and there are depths of from 8 to
10 fathoms.

Anchorage may be obtained in Finnish waters north
of Santio in depths of about 7 fathoms. The dangers in
the approaches to both these anchorages are buoyed.

The area is likely to be closed by ice from January
to April.

There is no tide, but prolonged winds from east ¢
west are liable to effect a change in water-level,

Pilotage is compulsory in both Finnish and USSR
waters.

11. Estuary of River Guadiana (Annex, map No 49)

References : Charts, Nos. 2680, 92

West Coasts of Spain and Portugal Pilot, Third
Edition, 1946

The River Guadiana for the last few mileg
of its course forms the boundary between Portugal ang
Spain. It discharges through a comparatively straight
stretch of coast running in an east-north-easterly direc-
tion for about 20 miles. About 114 and 214 miles within
the entrance, two narrow creeks lead eastward off the
main river to discharge into the sea through the River
Higuerita, about 214 miles eastward of the main mouth,
thus forming the islands of Canela and Salon ; both these
channels almost dry at low water.

On the western side of the entrance to River
Guadiana, a drying sandspit extends nearly 214 miles
south-eastward, and drying banks extend about a
quarter of a mile south of Isla Canela. The distance be-
tween the end of this spit and the drying banks is about
three-quarters of a mile. This entrance is fronted by a
bar composed of sand banks which completely change
at times of heavy floods in winter and of onshore gales.
At times, some of these banks may be above water
The entrance channel is marked by buoys which are
moved after alterations in the channel.

The small port of Villa Real de Santo Antonio lies
on the Portuguese side about a mile within the entrance.
Vessels drawing up to about 18 feet can reach this
port and those drawing 17 feet can reach the piers at
Pomarao about 22 miles up river. Tunny fishing Dets
may be found at times up to 514 miles off shore and 2
large sardine fishery takes places near the river entrance.

The rise of the tide is about 11 feet at springs.
Pilotage is compulsory.

12. The mouths of the River Evros
(Annex, map No 37)

References : Chart No. 1086

Mediterranean Pilot, Volume IV, Eigth Edition,
1955

The principal mouth of the River Evros, known 10
the Turks as Meric and once known as Maritsa, for®
the boundary between Greece and Turkey. The river |
charges through a delta on the eastern side of 2 by
lying between the coast about 3 miles north-WeS“:
Gremea Burnu and Ak Makri about 20 miles no_rth-We;;
ward. The penetration of this bight is 614 miles. T is
island of Samothraki, about 21 miles off shore, o™
the bight.

The coast of the delta extends for about 612 miles vg
the northerly direction. The principal of the ¥
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mouths lies at the southern end. The mouths through
the delta and its coast are liable to alteration. At the
time of the survey for the chart, several low, narrow
islets fronted the delta, lying up to half a mile off shore.

On the eastern side of the bight, depths of less than
3 fathoms are found up to 1%2 miles off shore, the
northern side is comparatively steep-to.

Depths on the bar of the principal mouth are usually

about 314 feet. There is trade by small craft with the
Turkish town of Enez, 2 miles within the principal
mouth ; Edirne, 70 miles up river, can be reached by
barges. The port of Alexandroupolis, which has a small
harbour with depths of about 18 feet, lies about 7 miles
east of Ak Makri.

About a quarter of the coastline of the bight described
above is in Turkish territory.
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ANNEX

Mar No. 1
Waterway at 11°N, 15°W (approx.) between French and Portuguese Guinea

Porfugu:aa Guvinea \M /

/st P
—':"’:f’—\*. [ A __Q [l
n.l‘a’!‘r' p S

Samba I.y

Sene L)

24
e B B
.|

“Conflict Reef
i

Map No. 2 Map No. 3
Estuary of Kunene River Estuary of Kolente or Great Skarcies River

-

2

Sallatvk Point

a Leone

Miles Ballo Point
20

Qs P L ) wid ° ° Miles 5, 0 12°%0' W
A 1t 2




Document A/CONF.13/15 223

Mar No. 4
Mouth of Manmna or Mano River
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Mar No. 7

Estuary of Rio Muni
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Mar No. 9
Mouth of the Orange River
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Mapr No. 11
Gulf of Honduras

Orange Point

o

P Cape Three Points
Cny Crg "
8,

g

Puverta |
) Barrios

88°W

Mar No. 12
Gulf of Fonseca

Meandoera -

o Meangueri ta

.
v
Farallonas Moncypenny
Anchorage
< 13°
Punta Casaguina
; ] r
o Miles | 20 Nicarsguoua
L R N P )
I -
as'w




Document A/CONF.13/15

Mar No. 13

227

Salinas Bay
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Mar No. 16
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ﬂl G
71°50' W .
| IS
Arenas o Seven Brotherg

Mazanillo Bay

2
oToruru lsa
50
N
/,
Coco, »
S/ny
Menzille Pt

SELL
<.
-3
0_‘
° & U\
a‘;-\ L4 \\
A
N M
-P'I {c,\\(‘ o
[-924 oS
Haiftfi N 0
Miles | °) ‘9
o 5 ) N
L i 1 1 n " i n —
Mar No. 17
Gulf of Paria
J“\

Port of Spain

Trinidad

G ulf of P ari a Pointe 5 Piarre
[ 4 o
L o,
» n 2 W
@ 52 o
= < —ﬁ -Se rpe \g
Capure n#
e &(p s M°u+/.,
' i
® )
®,
3
°.
. 3 S )
Miles \
B R S S BN




Document A/CONF.13/15 229

Map No. 18

Bay of Ancén de Sardinas
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CHAPTER 19

Natural Hazards and Mangroves in
the Bay of Bengal

F. Blasco, E. Janodet and M.F. Bellan

Institute for the International Map of the Vegetation, Université Paul Sabatier - CINRS,
38, Allées Jules Guesde, 31062 Toulouse Cedes, France

ABSTRACT: Mangroves are commonly found in the intertidal zone of tropical and subtrop-
ical sheltered coastlines. They are not affected by forest fires, but about 50% (50,000 km?*) of
their total areal extent, particularly in Asia, Australia, Madagascar and the Caribbean, are po-
tentially exposed to tropical cyclones, tvphoons and hurricanes.

In the mangroves of India and Bangladesh, especially at the mouth of the Ganges, the threat
from strong winds, surges driven by storm waves and floods, is one of the most deadly in the
world. Paradoxically this mangrove area, known as “The Sunderhans,” hears the largest natural
mangroves of the world in a single block (about 6,050 km?, i.¢., 2,000 km® in India and 4,050 km?

in Bangladesh).

Emphasis in this paper is on the impacts of windstorms in the mangroves of the Bay of Bengal,
deducted from field observations and satellite image analysis, ineluding forest destructions and
forest alterations like defoliation. The final result of our analysis is that mangrove species are
able, in this part of the world, to heal cyclonic wounds and maintain their total areal extent
constant in the absence of human interference,

INTRODUCTION

The total areal extent of mangroves around the world is
not aceurately known, It probably oscillates between 80,000
and 100,000 km® (SaenceEr et al, 1983), Nearly 50% of
these forest communities are periodically affected by spec-
tacular windstorms accompanied by heavy rains such as
cyclonic storms (Bay of Bengal, Southern Pacific), hurri-
canes (Caribbean, Gulf of Mexico), and typhoons (Far East).
They are also influenced by entirely different natural haz-
ards such as tectonic movements (Ganges), over-sedimen-
tation and rapid coastal erogion (The Guayanas, Southern
Madagascar), Auctuating water and soil salinity (West Af-
rican coastal lagunes) and long periods of constant food-
ing.

These ecosyetems have formed since the beginning of
the Tertiary (lower Miocene). They are able to withatand
most adverse environmental conditions such as muddy soils
with high salt and water content, destructive tidal effects
and redoubtable windstorms crossing flat areas on which
the mangroves (shallow-rooted species, thriving on unsta-
ble substrate) grow.

Since the beginning of this century, mangrove regression
is mainly due to their conversion to agriculture and to the
diversion of fresh water. Since the 1%50's, the development
of agquaculture has led to massive mangrove destruction,
particularly in the Indo-Pacific region where at least 1.5
million hectares of coastal forests have been converted to
aquaculture.

Using field ohservations and satellite images analysis,
we have observed how woody mangrove species survive
catastrophic events such as cyelones in the Bay of Bengal.
We have alzo observed how certain species appear to take
advantage of these natural disturbances to activate their
normal dynamic processes of cicatrization and territorial

expansion in coastal areas. An analvsis of digital SPOT
data at four dotes (1987, 1988 and 1989) after moderate
and severe cyclones confirms that forest domage is usually
concentrated in a limited fraction of the total mangrove
forest.

METHODS AND BASIC FIELD DATA

This study is centered on the Sunderbans at the top of
the Bay of Bengal. Other mangrove types located elsewhere
arcund the Bay of Bengal are less affected by cyclones and
have almost the same floristic components. The mangroves
on the latter sites provide basic data for comparizon.

The method adopted for the Sunderbans analyses was
tield observations and satellite digital image before and
after cyclones of different intensities {from moderate to
highly destructive events), The method employed for the
processing of the images iz deacribed in the section “He-
mote senzing applied to mangroves.” Field observations,
for security reasons, are almost impossible in the Sunder-
bans during the rainy season, April to November. Our com-
ments concerning these mangroves are based on data col-
lected during the dry season {February) and from satellite
data recorded on 7Tth November 1987 and 26th Qetober
1988, after moderate and severe cyclones. Eleewhere, const-
al field studies are much easier throughout the year. De-
tailed descriptions and ecological analysis of the mangroves
of India and Bangladesh have been given by Curtis (1933),
Brasco (1877), Unraware (1984), Cuavnmumy (1989) and
Dacar et al. (1991). Data concerning the impacts of cy-
clones and floods on mangrove ecosystens are almost non-
existent.

As shown in Figures 1 and 2 and Tables 1 and 2, the
mangroves of the area have a total extent of about 11,065
kr?, of which about TT% is located in the Bay of Bengal

Journal of Coastal Research Special Issue Mo, 12: Constal Hazards, pp. 277-288
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where cyclonic storms are frequent and often disastrous.
From 1881 to 1970, 363 cvclones, among which 1353 were
of a severe nature, were recorded in the Bay of Bengal in
contrast to 98 in the Arabian Sea (Table 2). The mangroves
of the Bay of Bengal belong to two main categories: those

that are located in the Sunderbans, at the top of the Bay
of Bengal in India and Bangladesh (7,650 km?), which are
directly and frequently hit by tropical eyelones: and those
that are protected in deeply indented coastlines (Andaman
and Nicobar, roughly T80 km* of mangroves) or in creeks
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and bays along the eastern Indian Coast and in Sri Lanka
{about 200 km? of mangroves), which are less exposed to
cyclones.

Universal features of mangroves are as follows: (1) lim-
ited number of species (about 60 woody species around the
world), (2) reduced number of strata, (3) reduced size of
many woody species, (4} the relatively small size of leaves,
and (5) absence or rarity of vaseular epiphytes. These char-
acteristics are found in both cyclone-prone and cyvclone-
free forests. The simple floristics and architectures are
primarily related to very selective soil conditions.

In the Sunderbans and other areas where cyclones are
frequent and violent, the zonation mav be considerably
disturbed and many trees may have multidirectional in-
clinations, In addition, the trees on sea face are often small-
er than inland. Cyclonic storms affecting these mangroves
influence their structure and morphology. These relation-
ships are also recognized for the mangroves of the Antilla,

often affected by cyclones, in contrast to those of the Guy-
anas (LEscure and TosTam, 1989). The spatial evolution
of mangroves is also influenced by other physical param-
eters. In the Ganges, spatial relationships are strongly re-
lated to zite factors. For example, soils and rivers are less
saline in the eastern part (15 to 20%) than in the western
part {28 to 32%c). Consequently the size of the forest evolves
from about 15-20 m in height in the east (Heritiera fomes
Buch-Ham.} to 3-7 m in the west {Excoecaria agallocha
L.}

In addition to these complex and little known effects of
cyclones, conspicuous damage is observed after each cat-
aclysm. The damage can be classified into two causal cat-
egories, mangrove destructions and forest alterations. For-
eat destruction, including forest gaps and bank erosion,
alters the long-term dynamics of the forest processes. How-
ever, mangrove alterations, like defoliation, lead only to
temporary and superficial damage.
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Table L. Moin mangrove areas in The Bay of Bengal and Arabien Sea
{see Figure 11,

Bangladesh 1is) Sunderbuns 4,050 km®
H] Mangrove afforestation 1,500 keem®

India i) Sunderbans 2,000 km?
k] Orissa 50 bem?

4 Amdhra Pradesh 100 kem?

] Tamil Madu 15 km!

] Maharastra + Goa 20 km?

7 Gujarat 0 km?

B Andaman and Nicobar T80 km*

Bri Lanka a a5 km®
Pakistan 0 2,495 km’
11,065 km?

RESULTS

Forest Gaps, Mass Mortality and
Forest Alteration

Wind Damage

During the most severe cyclonic storms (16th and 17th
October 1909, 24th Septermber 1919, 10th May 1961, 20th
August 1987, and 6th September 1988) when the speed of
wind reached about 200 km/hr followed by downpours of
more than 200 mm in 24 hours, the mangroves of the Sun-
derbans were very heavily damaged. This was particularly
true in parts of the Khulna district in Bangladesh
(CHouDHURY, 1962), Large areas of up to 50,000 hectares
were gither toppled or structurally damaged with broken
tree tops and branches. This extensive and spectacular
damage also occured in other parts of the world, CinTRON
and ScHarFFER-NoveLLl (1983) reported that, in the Ca-
ribbean, wind speedz reaching 95 km/hr caused defoliation
and winds exceeding 130-160 km/hr brought down trees.

The relation hetween the forest structure and its sen-
sitivity to wind damage is difficult to assess. In the Carib-
bean, small trees are usually more resistant than taller
stands (Pacwey and BENITO-ESPINAL, 1991). The Awvicen-
nia, with a very shallow root system, seem to be especially
sensitive to windthrow. On the contrary, Rhizophora are
more resistant to violent winds because of their dense stilt-
root systems, but regeneration is usually slower (SToDDART,
1971, 1974).

Tahla 2. Fﬂer}uem‘y r.'lf Impecu]' c_yc]rmﬂ monthwise ouer Ba_v of B.eng\q]’
and Arahinn Sea—period [8SI-T970 (Koreswaras, 1884), (Figures in
parentheses are seoere cyclones, )

Months Bay of Bengal Arabian Ses
January & (1) 2
Febroary 101} L]
March 4{2) 0
April 19 (8) 5i4)
May ¥ (26) 15 (13)
June 5 (4) 15 (10)
July 38 (7 3
August (1) 2
Seplember 32 (10} Gl
Oetober 62 (26) 20107)
Nivember 68 (33 26 119)
Decemlmer 4 14) Sil)

Total 363 (123) Qe (55)

One of the most striking Aoristic peculiarities of the
Sunderbans, the largest mangroves in the world, iz the
rarity of Rhizophora, whereas R. apiculata Bl. and R. mu-
cronata Lamk. are usually very conspicuous and almost
omnipresent in the mangroves of Asia, from Bombay to
Malavsia, Thailand, Mekong, ete. This rarity of Rhizo-
phora representatives in the Sunderbans and the high fre-
quency of severe cyclones in this area is an unexplained
coincidence, Little damage was observed in recently thinned
areas. It is noteworthy that afforested mangrove areas
(Sonneratia apetala Buch. Ham.) in most exposed coastal
zones (Figure 3) successfully resist the combined actions
of storms and tidal waves (Brasco et al, 1992). This may
be related to the small size of the stands observed in Gua-
deloupe after evclone Hugo (Pacwey and BeEnmo-Espivar,
19491).

Over-Sedimentation and Eavironmental Effects

Southward, in much dryer coastal lagunes of the Tamil
Nadu State (see Figure 1) where the frequency of cyclones
is less, dyving mangrove stands have been observed after
storms. There are several causes, the most common being
the modification of the hydric regime. Just as damming
and fresh water diversion destrov thousands of hectares of
mangrove, primarily in dry areas (Andhra Pradesh and
Tamil Nadu), several cases of spectacular mangrove mor-
tality have been observed after eyclones.

The mortality involves small gaps to practically all spe-
cies inside a coastal lagune (Figure 4). Explanations vary
little. Strong waves and winds can create in only a few
hours sandy bars and sea-grass accumulations that form
dykes at the entrance of coastal lagunes. In addition, tre-
mendous volumes of sediments are deposited by continen-
tal rains (e.g., up to 390 mm in 24 hr in Sri Lanka) that
disturb or hamper free circulation of water. The daily tidal
effect essential for mangrove survival declines or ceases,
leading to mass mortalities of trees. This was reported in
North Florida Bay after Hurricane Donna (Taps and Jones,
1962; CraiGHEAD and GILBERT, 1962; CRAIGHEAD, 1964).

Clay deposition over pneumatophores impairs gaseous
exchanges, leading to rapid defoliation and widespread
maortality. Moribund trees in the Bay of Bengal, generally
belonging to Avicennia officinalis L. and A. marina Vierh.,
may survive for a few months, but the aerenchyma of their
pneumatophores is rapidly attacked by microorganisms.
Trees decline progressively and their recovery becomes
impossible. The forest is replaced by a shrubby stand of
halophytes, among which Suaeda maritima (L.) Dum and
8. moneica Forsk, or Aeanthies ilicifolius L. become con-
spicuous. In areas where the evapotranspiration is excep-
tionally high, there is a gradual soil compaction, creating
localized depressions (salt swamps, see Figure 4) which are
almost asylvatic. If a subsequent cyclone removes these
dykes, allowing renewed tidal penetration and the depo-
gition of fresh sedimentz accompanied by soil aeration dur-
ing low tides, a new forest stand can replace these almost
barren depreasions; the new stands are dense (Excoecaria
agallocha L. on sandy soils), even-aged and practically
monospecific. IT the lagoon is filled up with sediments, the
mangrove will be definitely replaced by glycophytes or by
CTOPS.
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Erosive Factors

Erosion and accretion along the muddy river banks of
the Sunderbans (where the width of main rivers varies from
2 to 6 km and the tidal amplitude averages about 3 to 5
meters) are part of continuous and normal processes that
are suddenly accelerated during the cyclonic storms. The
most conspicuous pioneering plant community of the river
banks includes two palms, Nypa fruticans Wurmb. and
Phoenix paludosa Roxb., with shrubby communities be-
longing to the Avicennia group mixed with Ceriops tagal
(Perr.) Robins, Excoecaria agallocha L., ete. Uprooted and
scattered scrubs and trees sink into river beds and dis-
appear. The usual mechanisms along the sea face as well
as on river banks cause a progressive deterioration of the
substrate by the scouring of waves. The stability of sedi-
ments seems to be much greater in the mangrove forests
of the Sunderbans than in the eastern part of the Delta
along the deforested water course of the Ganges.

During a cyclonic storm, erosive processes are accentu-
ated and accelerated. Fringing vegetation is washed away
with the soft sediments, and there is no visible local forest
damage. The river bank or the coastal line simply recedes
for a few meters, usually less than 20 m. Our present map-
ping accuracy does not allow for fine-scaled monitoring of
these coastal or river bank modifications because of the
technical limitations, both geometric and temporal, of the
existing satellite tools.

This accelerated bank erosion is compensated by newly
accreted muddy or sandy deposits, elsewhere along river
banks and coastal zones. The origins of these deposits are
not properly documented. The greatest part of them seem
to be of continental origin. According to CHAUDHURY (1989),
the annual estimated total volume of sediments carried in
suspension by the Ganges, the Brahmaputra and the
Meghna Rivers is 2.5 billion metric tons. The greatest part
is exported offshore. Over the period of 1972-1979, 1,157
km? of new land was created in southern Bangladesh. Soft
loamy sediments are primarily and spontaneously consol-
idated by a wild salt tolerant rice, Porteresia coarctata
(Roxb.) Takeoka, or by fast growing scrubs such as Phoenix
paludosa, Sonneratia apetala, and Excoecaria agallocha.
After three or four vears, the resulting plant community
is often a dense and narrow shrubland permanently threat-
ened by currents and strong wave energy.

Defoliation by Cyclonic Storms

With the exception of Excoecaria agallocha L., which
may be deciduous in some localities, all mangrove trees
and shrubs are evergreen even along arid coastlines. In the
case of the mangroves of Andaman and Nicobar (roughly
780 km?), located in the Bay of Bengal, the average litter
production (7 to 11 tons-year'-hectare ') peaks during
the windy seasong, August to October (Dacar et al., 1991).
However, the average annual litter production in the man-
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groves of Andaman, where the flora has diversified to about
30 woody species, is similar to the annual values measured
elsewhere. Thiz is particularly true in the Caribbean where
the flora is extremely simplified, 2 to 4 species (Luco and
SNEDAKER, 1974), and in the South Pacific (Wo00DROFFE
and Moss, 1984). Strong drying windstorms may defoliate
large mangrove stretches in a few hours. In most cases, the
majority of trees and shrubs are able to recover. This fact
has also been observed in Florida after Hurricane Betsy
(TavyLOR, 1967).

The activity of apical meristems of leafless branches seems
to be stimulated, presumably because the heavy rains ac-
companying each cyclone dilute the sodium chloride in the
topsoil. This lowering of the salinity induces a post cyclonic
vitality. The stands usually recover their normal appear-
ance in less than four months. The exact role of strong
winds, and consecutive changes in salt concentrations, in
influencing aspects of seed production of mangrove species
is not well documented. Most mangrove seedlings float on
brackish waters and there is a profound redistribution of
germinating seeds throughout the forest during and after
cyclonic storms, The numerous seedlings in the understory
benefit from a greater amount of light intensity reaching
the soil during the few weeks when the canopy is partly
defoliated. Seedlings take this opportunity to accelerate
their growth and develop strength until the older trees
foliate.

These intermittent deciduous “phases" of mangrove trees,
in areas with frequent and severe cyclones, and the con-

secutive phenological reactions, including the flowering of
species, have not been studied. Presumably, cyclonic storms
should be considered as one of the natural parameters,
such as the aridity or soil salinity. These factors require
additional research as they episodically play unknown roles
in the biological rhythms of constitutive species.

Remote Sensing Applied to Mangrove Studies

Many studies are now available throughout the world
concerning the use of Landsat TM or SPOT data for coast-
al studies, The mangroves of the Sunderbans have been
recently studied with SPOT (CHaUDHURY, 1989), and an
analysis of floods in Bangladesh through remote sensing
data has been published (Brasco et al., 1992). The main
input of the present contribution is to have a preliminary
perception of mangroves with weather satellites (NOAA
series) and to try to apply high resolution remote sensing
technology to assess cyclonic damage.

NOAA AVHRR LAC Data for
Mangrove Studies

The use of LAC (Local Area Coverage) from NOAA
AVHRR (Advanced Very High Resolution Radiometer),
acquired daily at 1.1 km of off-nadir resolution, has not
yet been investigated for mangrove studies. The sizes of
these landscape units are usually too small for the reso-
lution of sensors, In large continental forest areas, such as
the Amazone and Central Africa, channels 1 (visible, 0.58-
0.68 um) and 2 (near infrared, 0.725-1.1 um) of this satellite
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Photo 1. Black and white print of false color composite of NOAA AVHRR LAC channels 3, 2 and 1 over the Sunderbans (17th February 1991}, NOAA
AVHRR can be used for mangrove monitoring in the Sunderbans. This document is just an illustration of the potential capabilities of the instrument.

provide information about the biomass and the photosyn-
thetic activity of the vegetation, generally studied using
vegetation indices. Channel 3 (3.55-3.95 um) covers both
reflection and emission domains of thermal infrared and
is rather difficult to interpret. It seems, however, correlated
with the hydrological conditions and functioning of the
vegetation, like thermal infrared channels 4 (10.5-11.3 um)
and 5 (12.56-13.5 um) which will not be examined here.
On the Sunderbans, the high frequency of the daily ob-
servations with NOAA could provide interesting results for
discussion. Photo 1 shows a LAC-AVHRR image (channels
3, 1 and 2) over Bangladesh, acquired on 17th February
1991, on which the mangrove forests of the Sunderbans
are clearly discriminated in green on the coastal area. The
site quality gradient, particularly increasing salinity from
east to west, is visible and two main mangrove types, with

high salinity in the west and low salinity in the east, can
be discriminated. The potential applications of weather
satellites are worthy of scientific investigations because
they can provide information a few hours after each cy-
clonic impact. However, when this image is recorded during
the dry season, no sign of alteration is visible.

Analysis of Mangrove Defoliation
Using SPOT Data

High resolution sensors such as SPOT and Landsat TM
provide accurate but scarce images. According to Brasco
et al. (1992), the mangroves of the Sunderbans seem to be
unchanged after two successive cyclonic storms in 1987
and 1988, Nothing in these ecosystems has been profoundly
altered by winds and surges according to spectral reflec-
tivity captured from space. We observed the case of a more
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Photo 2. Black and white print of false color composite of SPOT channels XS3, XS82, XS81 over Hatia Island (scene 236/308). The image has been recorded
during the dry season (25th February 1987).

exposed area, South Hatia Island, at the top of the Bay of
Bengal (Figure 3). Along this coast, as well as along the
whole coastline to the east of the Sunderbans, a dense
afforestation program has been conducted by the Forest
Department (Bangladesh) and the World Bank. This pro-
gram started in 1964/65, with the aim of consolidating the
sediment accretions. In South Hatia, plantations were re-
alized in 1979/80, 1980/81 and probably in 1982/83. The
most commonly planted species is Sonneratia apetala. The
total re-afforested area exceeds 150,000 hectares.

For this region (SPOT scene K236/J306), satellite data

Table 3. List of data avaiiable for SPOT scene 236/306

Technical Known
Character- Date of
Date Source istics Cyclone Peculiarity
1981 Afforestation  1/200,000 basic data
map

25/02/87  SPOT XS-1B-20 m dry season

va 49 E
07/11/87  SPOT XS-1B-20m 20/08/87 after a moderate

v 16 W cyclone
26/10/88  SPOT XS-1B-20m 06/09/88  after a destructive

va. 142w cyclone
15/03/8% SPOT XS-2-20 m dry season

va. 19 E

Meaning of abbreviations: XS: Spot Channel; 1B: preprocessing level in
cluding standard radiometric and geometric corrections; 2: preprocessing
level including level 1B and bidirectional corrections on the basis of ground
control points; v.a.: viewing angle

were available from 4 dates (Table 3). Beyond visual com-
parison of the various documents, digital processing was
carried out on SPOT data with channels XS1 (0.5-0.59
um), X82 (0.615-0.68 um) and X83 (0.79-0.89 um), and
with the use of “Didactim” software. There was super-
imposition of 1987, 1988 and 1989 data in order to detect
possible local accretion or erosion phenomena. In this very
flat area, geometric corrections were not necessary. Con-
sequently, there was the analysis of the mangrove spectral
signatures and vegetation indices (VI = (XS3 - XS82)/
(XS3 + XS2)) on the same training zones at different
dates, to understand the radiometric behaviour of the for-
est.

The first question is to determine whether satellite im-
agery allows the detection of acceleration of coastal erosion
accompanied by a simultaneous destruction of the man-
groves from cyclonic storms. Erosion and accretion phe-
nomena have been observed through comparison of SPOT
data from the 25th February 1987 (Photo 2) to a map drawn
from aerial photographs in 1981 (Figure 5). The conclusion
of this investigation is that some changes can be observed
after a medium or long period. These changes are obviously
due to winds, waves and runoff effects, but they are not
necessarily related to the cyclones. In any case, even violent
cyclones in 1987 and 1988 seem to have been without geo-
morphological effects on South-Hatia Island.

The second investigation concerned the status of the
mangroves viewed from satellites. A careful analysis of
these mangroves after two severe or destructive cyclones,
20th August 1987 and 6th September 1988, clearly indi-
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Figure 5. Evolution of South Hatia coastal area (scale 1/200,000). Although erosion is active in some places, the mangroves perfectly resist the annual cyclonic storms.
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Photo 3. Black and white print of false color composite of SPOT channels XS3, XS2, X81 over Hatia Island (scene 236/306). The image has been recorded
after a cyclone {7th November 1987),

cates that the forests were subsequently healthy, dense
and green on the 7th November 1987 (Photo 3) and 26th
October 1988. The destructive effects recorded on popu-
lations, settlements and crops have not, so far, been de-
tected on the coastal mangroves.

In the absence of storms during the dry season, SPOT
data recorded on 25th February 1987 and 15th March 1989
indicate that coastal mangroves, dominated by Sonneratia
apetala, are extensively defoliated although they are nor-
mally evergreen plant communities. Two main types of
mangroves can then be discriminated according to their
spectral signatures (Figure 6). Healthy forest types present
important constrasts in their reflectances for red (XS2)
and near infrared (XS3) channels because of their pho-
tosynthetic activity. This is illustrated by images recorded
on 7th November 1987 and 26th October 1988 for the three
classes of mangroves (Figure 6) and on those recorded on
25th February 1987 and 15th March 1989 for the class no.
1 (Figure 6). In contrast, the signature of the second type
of mangrove is poorly differentiated and strongly influ-
enced by the water background, and suggests that most
trees have lost their leaves (Figure 6, class no. 1 on 25th
February 1987 and classes no. 1 and 2 on 15th March 1989).
Intermediary behaviour (Figure 6, class no. 2 on 25th Feb-
ruary 1987) may correspond to a partially defoliated man-
grove.

Of particular note is that younger plantations, planted
in 1981 and 1982, remain dense and fully evergreen during
the dry season, whereas the oldest ones, planted in 1979,
are leafless. This is presumably because during the dry

season air humidity decreases and soil salinity increases
because of a reduction of the fresh water input. Roughly
70% of the forest area was defoliated.

If information gathered from satellite data can be con-
firmed, it might indicate that evergreen mangrove trees
such as Sonneratia apetala are able to develop a deciduous
phase as an adaptative strategy to an environmental stress
such as an increase of sodium chloride in water and soils.
In this specific case, cyclones seem to have no effect on the
greenness of the canopy, whereas fresh water shortages
induce an immediate leaf-fall and hence a decrease in an-
nual wood production. This could be one of the conse-
quences of the Farakka Dam that was constructed across
the Ganges. The dam is clearly visible on the NOAA
AVHRR imagery (Photo 1 and Figure 2).

DISCUSSION AND CONCLUSION

Our field and laboratory investigations have shown that
almost every delta located around the Bay of Bengal has
its own mangrove forest type with distinct ecological con-
ditions (soil and water salinities, tidal amplitude, etc.) and
floristic compositions. About 777 of the total area of these
coastal forests lie in the Gangetic delta where the frequency
and severity of cyclonic storms is very high.

(1) The magnitude of cyvclonic impacts ranges from sim-
ple provisional defoliation to windthrows. The latter forms
of mangrove destruction are much less frequent and are
usually restricted to small fractions of mangroves.

Almost all mangrove species seem to be resistant to winds
of below 150 km/hr, but there is variability from one species
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Figure 6. Spectral signatures of three mangrove classes (South Hatia Island).

to another in terms of wind tolerance. The re-afforested
coastal zone dominated by Sonneratio apetals Buch. Ham,
seems to be highly resistant to the most severe cyclones.
Muoreover, the temporal defoliation of mangrove trees has
no apparent effect on primary production. Factors that
stimulate growth and seed production have not been in-
vestigated.

Sandy banks are deposited at the mouths of rivers and
on islands. Strong winds often ¢reate dunes able to spread
to some distance into the mangrove. The redistribution of
sediments due to strong wave actions and winds kills some
mangrove stands, either by over-sedimentation or by a
pronounced disturbance of the hydrologic regime.

i{#) The natural disturbances in the mangroves induce
new and dynamic successional phases. This can be inter-
preted as a common form of “rejuvenation,” particularly
in the outer fringes of the mangrove stands. It i=s note-
worthy that the most common species around the Bay of
Bengal are Excoecaria agalloche and Avicennia species
and they have a wide ecological amplitude and remarkable
regenerative capabilities. Although this aspect of the forest
dynamism iz still pooely documented, the assumption is
that the mean age of trees in the mangroves of the Bay of

Bengal, i.e., in a cyclone-prone area, is directly related to
the frequency of violent evclones,

{3) During each cyclonic storm, erosive and accretion
processes have suddenly intensified. Although our tech-
nical capability to monitor and to quantify these phenom-
ena is still inadequate, the total area of these mangroves
has remained almost constant in the absence of human
interference: what has been lost here is spontaneously com-
pensated elsewhere by newly created mangrove commu-
nities. From a practical point of view the frequency of
cyelones has only local effects on the usual timber crop
rotations. This is particularly true in the continental parts
of the mangrove stands even if river bank mangrove belts
were frequently reshaped.

(4} Concerning the use of satellite technology for the
monitoring of eyelonic impacts on mangrove areas, the
spatial and radiometric resolutions of SPOT and Landsat
TM are sufficient for an evaluation of localized damage
and forest destruction. On a practical basis, it takes § to
12 weeks after a cyclone to acquire images with adequate
guality. This temporal resolution and timeliness of high
resplution satellites creates substantial ohstacles, and we
cannot at present rely on the availability of exploitable
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satellite data for evaluation of the cyclonic impacts on
mangrove stands of the Sunderbans,
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Abstract

The tidal currents in mangrove forests are impeded by the friction caused by the high vegetation density. The
tidal currents are also complex comprising eddies, jets and stagnation zones. The sediment particles carried
in suspension into the forest during tidal inundation are cohesive, mainly clay and fine silt, and form large
flocs. These flocs remain in suspension as a result of the turbulence created by the flow around the vegeta-
tion. The intensity of sedimentation is largest for trees forming a complex matrix of roots such as Rhizophora
sp. and smallest for single trees such as Ceriops sp. The flocs settle in the forest around slack high tide. At
ebb tides the water currents are too small to re-entrain this sediment. Hence the inundation of coastal man-
grove forests at tidal frequency works as a pump preferentially transporting fine, cohesive sediment from
coastal waters to the mangroves. Mangroves are thus not just opportunistic trees colonising mud banks but

actively contribute to the creation of mud banks.

Introduction

Mangrove forests are a buffer zone between the
coast and the ocean. One of their presumed impor-
tant functions is to provide a mechanism for trap-
ping sediment. Suspended sediment is introduced
to coastal areas by river discharge, dumping of
dredged material and resuspension of bottom sedi-
ment by waves and ships (Holeman, 1968; Laronne
and Mosley, 1982; Wolanski, 1994). Mangroves
forests are believed to be an important sink for
suspended sediment (Woodroffe, 1992; Wolanski
et al., 1992; Furukawa et al., 1996; Wolanski,
1994; Wolanski, 1995).

Most coastal mangrove forests are connected to
the sea via a tidal creek. Sediment transport mech-
anisms in these creeks have been investigated in
detail. These mechanisms are dominated by hydro-
dynamic processes, as opposed to biological pro-
cesses which prevailing further offshore (Ayukai
and Wolanski, 1996), and include the asymmetry
of the tidal currents, the baroclinic circulation and
shear-induced destruction of flocs (Gibbs, 1985;
Woodroffe, 1985; Dyer, 1986; Wolanski et al.,

1988; Wolanski, 1995; Wolanski et al.,, 1995;
Wolanski and Gibbs, 1995; Mazda et al., 1995).
Sediment transport mechanisms in mangrove
forests have received little attention though obser-
vations suggest a net inflow of fine sediment in
mangroves (Furukawa et al, 1996). The flows
through mangrove forests are sluggish as a result
of the high vegetation density increasing friction
(Wolanski et al., 1980; Mazda et al., 1995 and
1996). In these latter studies, only overall friction
coefficients have been estimated by averaging spa-
tially over several tens of roots, tree trunks and
pneumatophores. There have been no previous
studies of the details of these flows around the
vegetation and their role in the process of sedi-
mentation in mangroves.

It has never been clear whether mangroves cre-
ate their own environments (mud banks) or
whether they are simply opportunistic colonisers
of mud banks generated by other geomorphologi-
cal processes. From a detailed study of flows
through a mangrove forests and the resulting sedi-
mentation processes, we show that mangroves
actively create their own ecosystems by trapping



0.6

(a)

—~ 04| -
g
= 0.2 p= -
e
g
8 0.0 f=pr

-0.2 1 1 l 1 ] l 1 L I 1 2

20
s °r /-% N
e
z 0 X
£ X
3 10 o=
-

.20 1 1 ' 1 1 l Il 1 l 1 A

7:00 8:00 9:00 10:00 1100
Time (hr)

Fig. 1. Time series of (a) water depth and (b) observed (x) and
numerically predicted (line) velocity at our study site in Cairns
mangroves. Time is in hour on December 3, 1994.

sediment. The trapping mechanism is due to the
high micro-turbulence created by the flow around
the vegetation maintaining sediment in suspension
at flood tidal currents. This sediment settles near
the time of slack water high tide when turbulence
vanishes. This sediment is not re-entrained by ebb
tidal currents which are too sluggish because of
the high vegetation density.

Tidal pumping

Our study site was the mangroves along the Cairns
boardwalk, in wet, tropical Australia (see details in
Furukawa et al., 1996). The area is populated by a
fringe of Rhizophora sp. trees along the banks of
the tidal creek and by Ceriops and Avicennia trees
further inland. The width of the mangrove forest is
about 150 m. Macro-tides prevail, peaking at 3.5 m
peak to trough, during which water depth never
exceeds 1 m in the mangroves.

The water currents in the mangrove forest were
controlled by the tides. Water spilled over from the
tidal creek to inundate the forest at flood tide, this
water drained back in the tidal creek at ebb tide
(Fig. 1). The currents through the forest were slug-
gish, seldom exceeding 0.1 m s~!. The driving
force for this flow is the water surface slope 7 (i.e.
the slope of the water surface from the tidal creek
into the forest, Fig. 2) and the retarding force is the
friction. The total friction is the sum of that at the

Mangrove Forest Mangrove Forest

Creek

[ )

Depth
=

t1t2 t3t4
Time

Fig. 2. Sketch of the water elevation in a tidal creek-mangrove
swamp system at flood tide and ebb tide. The water surface
slopes towards the creek at ebb tide but towards the mangroves
at flood tide.

bottom and that caused by the flow around the tree
trunks, roots and pneumatophores. These flows are
complex, with eddies, jets and stagnation zones.
Details of these micro-scale flows vanish if we
average spatially over many roots, trunks and
pneumatophores, so that only net currents remain.
Inertia is negligible for these net currents because
the flows are sluggish and the friction force bal-
ances the force created by the water surface slope.
Thus

1
y = — p3pn
u=— h=°T (D
where u is the water velocity, n is the spatially-
averaged Mannings friction coefficient, 4 is the
water depth and / is the water surface slope.

The Mannings friction coefficient, », is an
important engineering parameter and has been the
focus of much research by hydraulics engineers
working with rivers and channels (e.g. Chow,
1959). Typical values of n for sandy channels are
in the range 0.025-0.035. The value of n is
believed to diminish for decreasing grain size of
the sediment and indeed muddy estuaries can have
an even smaller value of n (n=0.015; see King and
Wolanski, 1995; Lixian & Wolanski, 1996). Hence,
if only bottom friction was important, at first
glance the value of n should be <0.025 in man-
groves where the dominant sediment is mud. In
fact that is not the case because flows around the
vegetation increase friction. Wolanski et al. (1980)



and Wolanski et al (1992) found #=0.2-0.4 from
field observations and n=0.25 from model studies
in a heavily vegetated mangrove swamp at Hinch-
inbrook Island, Australia. Mangroves are as heavi-
ly vegetated as salt marshes and several authors
have also reported a high value of the Mannings
friction coefficient in such systems. Indeed, Burke
and Stolzenbach (1983), Kjerfve et al. (1991) and
Hosokawa and Furukawa (1994) modelled spatial-
ly-averaged flows through dense vegetation of
Spartina salt marshes and deduced »=0.1-0.2.

Observed and predicted (assuming #=0.1) cur-
rents at our study site compare favourably (Fig. 1).
Thus the vegetation increases Mannings friction
coefficient by a factor of at least 5, hence the fric-
tion force by a factor of at least 25, from that
expected for non-vegetated surfaces. This effect in
turn inhibits water flows and the small velocities,
seldom exceeding 0.1 m s~!, that result are unable
to resuspend the fine cohesive sediment for which
a peak velocity of 0.3 m s7! is needed (Wolanski et
al., 1995). What causes a sediment pump is, as
shown below, the high turbulence as a result of
complex flows around the vegetation which main-
taining sediment in suspension until settling occurs
at high tide.

Observed sedimentation rates

The net sedimentation rate at spring tides was
measured at our study site on a transect from the
bank of the tidal creek to the tidal limit in the man-
grove forest. It decreases exponentially with dis-
tance, x, from the creek (Fig. 3).

This exponential decrease results from simple
hydrodynamics. Sediment settles at a rate w, C,
where w_is the settling velocity and C the sus-
pended sediment concentration. The system is dri-
ven by the inflow of water from the creek, the
water flowing into the mangroves at a velocity u
over a depth 4. At the creek bank the suspended
sediment concentration is C, and this is controlled
by the dynamics of the tidal creek. The concentra-
tion of suspended sediment C in the waters in the
mangroves decreases with distance from the creek
because it progressively settles out, so that from
continuity of sediment flux,
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Fig. 3. Observed (O) and numerically predicted (line) sedimen-
tation rates across the Cairns mangrove with distance from the
tidal creek, for the spring tide of December 3, 1994.
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C =C,exp [— WOXJ )
where x = the distance into the mangrove forest

from the tidal creek.

The sedimentation rate S is calculated from equa-
tion (2) as '

§=— Y- exp {— “’oxJ (3)

dx hu

and the predicted sedimentation rate matches the
observations well (Fig. 3). The predicted sedimen-
tation rate was calculated assuming from the field
observations that /=0.4 m, u = 0.1 ms™!, and w, =
0.0005 m s,

This simple model shows that nearly all the sus-
pended sediment that entered the mangrove forest
from the tidal creek, settled in the forest and was
not re-entrained and exported at ebb tide.

It must be noted that we assume the sediment in
the water column at point x is vertically well mixed
by turbulence caused by mangrove roots and undu-
lation of the bed. This assumption is justified by
laboratory measurements for vertical velocity dis-
tribution in the Spartina anglica canopy which
shows high complexity of the flow (Shi et al.,
1995). Woolnough et al. (1995) on the contrary,
assume quiescent settlement, and get arc-tangen-
tial function for sedimentation rate for the salt
marsh. The assumption of quiescent settlement has
a risk of an over-estimate of settlement at the creek
side and an under-estimate of settlement distant
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from the creek for well mixed water. Thus, the
selection of the settlement process is an important
matter.

We show below that the high settling velocity of
the suspended sediment is due to flocculation.

Flocculation

The particle size distribution of the suspended sed-
iment at the study site shows the sediment to be
muddy silt, composed mainly of fine silt and clay
(Fig. 5) with a mean diameter of 5.6 m, 40% by
volume of the sediment being <4 m and 20% less
than 2 m. If these sediment particles were not
aggregated in flocs, their settling velocity as calcu-
lated by Stokes law would be around 0.00008 m
s

This very low value of the settling velocity is
however unrealistically low because in fact the
sediment was flocculated. At our study sites, floc
size was measured by two techniques, namely the
special sampling slide - microscope technique of
Gibbs and Konwar (1986) and in-situ micro-pho-
tographs. The latter technique samples less water
and registers fewer flocs, can lead to loss of clari-
ty particularly if flocs are packed too densely but
has the advantage that it does not destroy flocks
mechanically (Wells, 1989; Eisma et al., 1990).
Both techniques yielded similar results, which
indicated that at least 99% of the suspended sedi-
ment was flocculated. The flocs in suspension at
our study site (Fig. 4) had a loose structure, sub-
divided in zones of high and low density, and indi-
vidual floc sizes varied between 30 and 300 m.
Mean floc size was 100 m corresponding to a set-
tling velocity of 0.005 m s~! (Gibbs, 1985), this
settling velocity is 100 times larger than that of the
individual particles of clay and silt making up the
floc.

Flocculation appears responsible for the rapid
settling near high tide and the lower concentration
in suspended sediment at ebb tide than at flood
tide at our study site in the mangrove forest (Fig.
6). Most of the flocs settled within 30 min just pri-
or to the high slack tide. The settlement removed
preferentially (Fig. 6) the small particles (< 4 um),
the largest (rare) particles (> 32 um) and all the
large flocs (> 250 um) and over 90% of the large

:\::100
g 80F
3
2 60}
Q
2
w 40 F
E
3 20T 5.6 um
Q
< 0
0.1 1 10 100

Particle Size (um)

Fig. 4. Typical accumulative particle size distribution curve for
suspended sediment in the water column at our study site.

Fig. 5. Microphotograph of flocs in suspension in the water col-
umn at our study site in the mangroves. The bar represents 100
um. The darker areas in the flocs represent zones of high pack-
ing density of particles, the lighter areas zone of low packing
density.

flocs (> 100um). Thus preferential sedimentation
of clay and fine silt occurred.

We show below that what maintained the flocs
in suspension until near high tide was the high tur-
bulence created by the water flow around tree
trunks, roots and pneumatophores.
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Fig. 6. (a) Time series plot of suspended sediment concentra-
tion (SSC) in the water column at our study site in the Cairns
mangroves on December 2, 1994. (b) and (c) are respectively
particle and floc size distributions for sampling times o-€
(shown in Fig. 6a). The bin sizes for particle and flocs are dif-
ferent. The particle bin sizes are <1.95, 1.95-3.91, 3.91-7.8 and
7.8-31.25 um. The floc bin sizes are <31.25, 31.25-62.5, 62.5-
125 and 125-250 pm.

Vegetation-induced turbulence

Observed flow patterns were visualised using
downward-looking video cameras tracking small
floats following the technique of Furukawa er al.
(1996). The currents around the vegetation varied
with the vegetation density. The simplest flows
prevail around single tree trunks (e.g. Ceriops sp.)

and the most complex flows were found around the
matrix of roots of Rhizophora sp.

Around Ceriops sp. (Fig. 7a) a wake was visible
behind the tree. Such wakes are characterised by
the Reynolds number

Re =-— 4

where U is the undisturbed velocity, L is the dia-
meter of the tree trunk and is the kinematic vis-
cosity. For Re <1, no bubble exist. A steady wake
exist for Re <100, but the water in the eddy is then
nearly stagnant, while long wakes exist for Re =
100-400. Unsteady turbulent flows prevail for larg-
er values of Re. Our data suggest Re = 100-400 in
the field. Such flows are very turbulent with peak
three-dimensional turbulent velocities of the same
order as U. Indeed we visually observed zones of
high upwelling and downwelling and other zones
with high turbulence especially in the shear zones
near the vegetation. This turbulence is sufficient to
maintain the flocs in suspension.

For Rhizophora sp. the higher vegetation densi-
ty generated more complex flows comprising jets,
eddies and stagnation zones (Fig. 7b). Individual
wakes behind roots interacted one with the other.
Turbulence was intense in the region which the
flow becomes jet, and sedimentation occurred
preferentially in the stagnation zones.

The important parameter for calculating sedi-
mentation rates in mangroves is the turbulent
velocity. This was calculated using the numerical
model of Furukawa and Wolanski (1996) for two-
dimensional flows. The model Rhizophora root
matrix comprised 19 roots each with a diameter of
0.04 m. Two undisturbed velocities U were chosen,
0.05 and 0.2 m s™!'. The model is calibrated by its
ability to reproduce mean flows obtained in the
field (Fig. 7). The turbulent intensity is inferred
from the model. For U = 0.05 m s~!, the turbulence
is practically negligible and the wake effect is
restricted to very small regions around each root
(Fig. 8a). However for U=0.2 m s7!, jet flows are
formed, the jets are deflected by the vegetation to
interact with each other, in agreement with obser-
vations (Fig. 7). The model predicts that in such
conditions the turbulent intensity is 2-3 times larg-
er than the mean velocity. This turbulence is three-
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dimensional and is more than sufficient to keep the
100 um flocs in suspension.

Conclusion

Mangrove forests are an important buffer between
the sea and the land. They are not just passive
colonisers of mud banks, but actively capture mud
to create their own environments. The way they do
this is to maintain high turbulence in the water
flow through the forest; this high level of turbu-
lence maintains in suspension the flocs of fine
cohesive sediment which enter the forests at flood
tide. Turbulent intensities are the largest for trees
forming a complex matrix of roots such as Rhi-
zophora sp. and smallest for single trees such as
Ceriops sp. Sedimentation occurs when turbulence
vanishes near slack high tide. The settled sediment
is not re-entrained at ebb tide because the high
vegetation density inhibits currents which are too
sluggish to erode the sediment.

Mangroves actively pump fine, cohesive sedi-
ment from the tidal creeks and the coastal ocean.
Mangroves are thus an important sink for fine sed-
iment from rivers and coastal waters. While the
biological role of mangroves in the biological food
chain of coastal waters has been well documented
(Robertson and Alongi, 1992), mangroves appear
also to have an important physical effect. The re-
moval of mangroves may increase water turbidity
and hence decrease primary productivity by plank-
tonic algae in tidal creeks and coastal waters sur-
rounding mangrove ecosystem.
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Abstract

The wave reduction (wave period; 5—8 sec.) was investigated in a mangrove reforestation area (Kandelia can-
del) close to aquaculture ponds in the Tong King delta, Vietnam.

On one site where only young mangrove trees grew, the wave reduction due to the drag force on the trees
was hardly effective. On the other site where mangrove trees were sufficiently tall, the rate of wave reduc-
tion per 100 m was as large as 20%. Due to the high density of vegetation distributed throughout the whole
water depth, the effect of wave reduction was large even when the water depth increased. These results
demonstrate the usefulness of mangrove reforestation for coastal protection.

Introduction

Along the coast of Vietnam, earnest and sober
efforts for planting mangroves have been executed
on an extensive scale. In order to promote the
effective plantation, to preserve the environment of
the planted forests and to utilize the ecosystem
developed in the environment, physical, especially
hydrodynamic processes such as tides, sea waves
and water flows in and around the forests need to
be understood, because these areas which belong
to the fringe forest type (F-type mangal; Lugo and
Snedaker, 1974) face to the open sea and are
directly exposed to the action of tropical depres-
sions, storms and typhoons (Hong and San, 1993).

As stated by Kjerfve (1990) and Mazda (1993),
it is only a short time since studies of the physical
processes in mangrove areas have been initiated.
Ridd et al. (1990), Wolanski et al. (1990), Mazda
et al. (1990), Wolanski et al. (1992), and Mazda et
al. (1995) have studied some tidal periodic phe-
nomena in mangrove areas along rivers or estuar-
ies protected from the open sea. However, quanti-

tative studies about the physical processes in F-
type mangal are very few.

We observed the physical processes in F-type
mangals at coastal areas of Thuy Hai and Thuy
Truong in the Thai Thuy dist., Thai Binh prov,
Vietnam, in a delta of the Gulf of Tong King from
17th to 21st November, 1994. In this paper, we
describe the characteristics of water elevation and
water flow in these areas, and demonstrate the
wave reduction by mangroves mainly at the coast
of Thuy Hai, where Kandelia candel has been
planted for several years.

Study sites and measurements

The coast along Thuy Hai and Thuy Truong has an
extremely flat tidal area about 8km wide (the slope
of the bottom floor is 0.5/1000) due to alluvium
discharged from the Hong River (Figure 1). In the
coastal area of Thuy Hai the seedlings of Kandelia
candel have been artificially planted in a strip 1.5
km wide (toward offshore) and 3 km long. The
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Figure 1. Location map and field sites.

area is composed of 3 parts, that is, Area-A of a %2-
year-old trees (seedlings), Area-B of 2—3-year-old
trees and Area-C of 5—6-year-old trees. These three
areas touch each other and are continuous from
offshore to an artificial sea dyke which protects
shrimp and crab culture ponds. On the other hand,

in the coast of Thuy Truong, seeds of Sonneratia
caseolaris were planted only 2 months before our
studies.

Water levels were measured at 11 stations (Stns
T1 to T11; see Figure 1) together with current
velocities 2 cm above the sea floor at 4 stations
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Figure 2. (a) Time series of predicted tidal height at Do Son, and sea floor elevations at Stns T1, T10 and T11. (b) Low-pass filtered

tidal elevations at Do Son and Stns T7 and T10.

(Stns C1 to C4 in Figure 1). RMD-type water lev-
el gauges (Rigosha & Co., Ltd.) and ACM-8M
electro-magnetic current meters (Alec Electronics
Co., Ltd.) were used with 2-sec sampling period.

Analyses and discussion
Tidal variation of water level

Figure 2a shows the predicted tide level at Do Son
20km far north of Thuy Hai as well as the levels of
the sea floors at Stns T1, T10 and T11. Station T1
is submerged 2/3 of a day throughout the year, and
at neap tide remains submerged for a few days. On
the other hand, at Stns T10 and T11 the bottom
mud emerges 2/3 of a day throughout the year, and
at neap tide it can remain exposed for a few days.

Figure 2b shows the tidal elevations at Stns T7
and T10 after filtering out high-frequency from the
raw data, together with the tide at Do Son. The

tides at Stns T7 and T10 rise faster at the early
stage of flood tide and fall slower at the latter stage
of ebb tide than at Do Son. This finding may be
explained by the effect of flow resistance due to
the mangrove vegetation and the bottom mud.
However, these changes are considerably smaller
than those in mangrove swamps dominated by Rhi-
zophora spp. or Bruguiera spp. (Wolanski et al.,
1992; Mazda et al., unpubl. data), probably be-
cause Rhizophora spp. and Bruguiera spp. have
intricate and large prop roots or numerous pneu-
matophores, compared to Kandelia candel.

High-frequency sea level fluctuations

The high-frequency sea level fluctuations (Figure
3) are due to the swell (period: 5-8 sec) with the
characteristics of the long wave in shallow waters.
The wave height of the swell at all stations increas-
es with increasing tidal level or water depth, and
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decreases with increasing proximity to the coast.
These findings suggest wave energy loss caused by
bottom friction and resistance to flow due to man-
grove vegetation.

Characteristics of current velocity

The high-frequency current velocity (Figure 3) are
due to the swell. The amplitude of current velocity
is as large as 0.4 ms~! offshore (Stn. C1), and it is
much smaller (0.1 ms) inshore (Stn. C3; not
shown). The velocity vector is essentially perpen-
dicular to the coast.

The low-frequency velocities (the thick lines in
Figure 3) vary somewhat tidally. At all stations the
magnitude of low-frequency velocity is small com-
pared to that of high-frequency. The high-frequen-
cy velocity fluctuations, i.e. the turbulent flow,
have an effect to disperse materials such as seeds
of mangroves, fish larvae, nutrients in water and
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Figure 4. Time series plot of the rate of wave reduction 7, the
resistance coefficient Cpy and the water depth 7. » and Cp, are
calculated by using the significant wave heights (top) at Stns
T1 and T2 in Area-A, (middle) at Stns T4 and T7 in Area-B,
and (bottom) at Stns T7 and T10 in Area-C.

bottom sediments. On the other hand, even if the
magnitude of low-frequency velocity is small, it
plays an important role to transport materials far
distance during a long time.

Wave reduction due to mangrove vegetation

The rate of wave reduction per 100 m in the direc-
tion of wave propagation is defined as

ES_HL)

Hy

r =

(D
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where Hg is the wave height at a sea side station
and H; is the wave height at a station 100m further
inshore. The variations of » in Areas-A, B and C,
individually, are shown in Figure 4. The value of r
varies little in a tidal cycle and is the greatest in
Area-C, smaller in Area-B and the smallest in
Area-A. As shown in Figure 5, the sizes of the
trees increase with the number of years after plant-
ing. The differences in the value of r between
Areas-A, B and C (Figure 4) correspond to the dif-
ferences in the degree of growth of the vegetation

between those areas, demonstrating the effect of
the drag force due to the trees.

Variation of the resistance coefficient

The drag force for the water flowing between the
trees occurs throughout the whole water depth
from the sea floor to the water surface. For tidal
currents, Wolanski et al. (1992), Furukawa and
Wolanski (1996) and Mazda et al. (unpubl. data)
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have studied the drag force on pneumatophores,
prop roots, trunks and canopies. These processes
occur also at high frequencies, but until this study
none of quantitative information was available.
The wave reduction caused by the bottom fric-
tion in shallow, vegetation-free coastal waters has
been discussed since Bretschneider and Reid
(1954). Here, we provisionally calculate the effect
of the flow resistance due to mangrove vegetation
distributed throughout the whole water depth as a
bottom friction. In shallow waters the wave reduc-
tion caused by the bottom friction is obtained as

—= s -(2)
H1 T KS

2nh \3
1+ \FngT‘CDHle smhL—

In Eq. (2), H, and H, are the wave heights
respectively at an offshore station and an inshore
station, Ax is the distance between these two sta-
tions, / is the mean depth between these two sta-
tions, 7 is the wave period, L is the wave length, g
is the acceleration due to gravity, K is the shoal-
ing coefficient and Ci, is the resistance coefficient
due to the bottom stress which is defined by

1
T= 7 Cpp u?, 3)

where p is the density of sea water and u is the cur-
rent velocity in the direction of wave propagation
(Bretschneider and Reid, 1954).

For the long wave such as the swell in shallow
waters, Eq. (2) is approximated as

H, 1
H ~C > @
] 7 H Ax
T+ ——
32 V2h?

From Eq. (4), the resistance coefficient Cy, is cal-
culated as

R2V2 K /H
="Z T H, Ax <H_2_1>' (3)

The valiations of Cy, in Areas-A, B and C, individ-
ually, are shown in Figure 4. Values of Cp vary
significantly between Areas-A, B and C. In Area-
A, the tidal change in Cp, is not apparent. C, in
Area-C is the largest and varies greatly between
0.1 and 0.4.

The dependence of (|, on the water depth varies
between Areas-A, B and C (Figure 6a). The mag-
nitude of Cp, in Area-A is the same order of that
(0.01) calculated from the wave energy loss due to
the bottom friction by Bretschneider (1954). This
finding means that the wave reduction in Area-A is
caused by the bottom friction, and the drag force
on the plants is insignificant. On the other hand, in
Area-C, (7}, increases considerably with increasing
water depth. Since soil conditions are similar in all
areas and since mangrove trees are much more
developed in Area-C than in Areas-A and B, the
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(b)
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Figure 7. Differences in the effect of wave reduction (a) with and (b) without mangroves. In (a) the drag force on the plants X Fi occurs
throughout the water depth. In (b) the bottom friction T occurs only at the sea floor.

dependence of Cp, on the water depth in Area-C
implies that the wave reduction is strongly caused
by the vegetation density (submerged trunks,
branches and leaves). In Area-B, the magnitude of
C}, lies between those of Areas-A and C, because
the vegetation density lies between those of Areas-
A and C.

The bottom friction coefficient depends on the
wave period (Iwagaki and Kakinuma, 1967). The
scattering of the data in each area in Figure 6 (a)
may be due to the variation of wave period from 5
to 8 seconds during the observation.

Effect of mangrove vegetation density on wave
reduction

In Area-A, the value of r decreases with increasing
water depth (Figure 6b), because, with little vege-
tation, the wave energy loss is caused by bottom
friction only. On the other hand, in Area-C, r is
about constant, or independent of water depth
because the wave energy loss in Area-C is caused
by the drag force on the submerged plants which
increase with increasing water depth.

Our finding that in a well grown mangrove area
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the effect of wave reduction does not decrease with
increasing water depth, has important practical
implications. Indeed, tropical depressions, storms
and typhoons often occur in the central and north-
ern coasts of Vietnam, and induce the mean sea
level rise (Hong and San, 1993). Furthermore, the
sea level may rise by 0.6 m within the next centu-
ry due to global warming. In such larger water
depths, the high density of vegetation distributed
throughout the whole water depth will still work
effectively to reduce wave and protect the coast
from wave erosion.

At present, in Area-A the rate of wave reduction
r is small (0.01-0.03) when the water depth is larg-
er than 1 m, because the vegetation is still young
and sparse. However, in Area-C where mangrove
trees of 5—6-years-old are well established, r is as
large as 0.20. Within six years all the trees in Area-
B and also in Area-A will have grown sufficiently
so that the wave height of 1 m at the open sea will
reduce to 0.05 m at the coast (Figure 7a), while
without mangroves in this coastal area the waves
would arrive at the coast with wave height of
0.75 m (Figure 7b).

The distortion of the tidal curve in this area is
considerably smaller (Figure 2b) than that in
swamps vegetated by Bruguiera spp. or Rhizopho-
ra spp.. This fact suggests that the effect of the
drag force on Kandelia candel on the long period
waves such as tidal waves is weak compared to
those of Bruguiera spp. and Rhizophora spp.,
because Kandelia candel has no pneumatophore. It
is necessary to assess the dependences of the drag
force on various mangrove species on the wave
period within a wide range of waves including
wind waves, storm surges, tsunamis and tides. The
wave reduction results from the integrated energy
loss through the whole width of the vegetated area.
The vegetation density and the width of the area to
be planted are also important factors for protecting
the coast from wave erosion.

Conclusion

The plantation of Kandelia candel at the coastal
area of Thuy Hai has the effect of significantly
reducing swell with the periods of 5-8 sec. and
protecting the coast. A six-year-old mangrove trees

strip 1.5 km wide will reduce 1 m high waves at
the open sea to 0.05 m at the coast. Due to the high
density of vegetation distributed throughout the
whole water depth, the effect of wave reduction is
constant even when the water depth increases. Fur-
ther investigations are necessary to quantify the
dependences of the wave reduction on the water
depth, the wave period, the wave height, the
species of mangrove trees and the distance
between trees.
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Abstract

210pp,234Th and’Be activities were measured to establish sediment accumulation rates, estimate sediment mixing
rates, and determine the depth of the sediment mixed layer in the Sepetiba Bay mangrove ecosystem near Rio de
Janeiro City, Brazil. Three sediment cores were collected from Enseada dgs Gatgpical exposed tidal flat

region with a sequence of sedimentary features. The seaward edge of this sequence is a mud flat with the landward
portion covered wittfspartina alterniflorgollowed by mangrove vegetation. An additional core was collected on an
overwash island near Barra de Guaratiba, which is cover with mangroves without a mu&fartina alterniflora
sequence. Sediment accumulation rates were determined to range up to 1.8 cm/yr \Siplarttiea alterniflora

having the maximum rate. Mixing rates were estimated forSpartina alternifloracore at 40 cri/yr based on

210pp and’Be from the upper mixed region of the core. TR&Th activity in this core suggested that either mixing

or the input 0f234Th were not in steady state. The sediment mixed region depth ranged from 4 cm to greater than
30 cm. Atthe Enseada das Gascsite the mixing depth decreased in the landward direction (i.e. mud f@xm,

Spartina alternifloral1 cm, mangroves 4 cm). Along with this decrease in sediment mixing depth was a shift from
physical to biological mixing. The Barra de Guaratiba core had a sediment mixed layer of 13cm as a result of
physical and intense biological activity.

Introduction of the record depends on the intensity, depth and na-
ture of the sediment mixing as well as the sediment
Recently, reclamation of mangrove ecosystems for accumulation rate. Sediment mixing also affects the
agricultural, industrial, urban and other forms of alteration of biogenic components and pore-water con-
development has been increasing and causing irre-centrations of dissolved chemical species within the
versible damage in coastal regions throughout the sediment mixed layer (Schink and Guinasso, 1977;
tropics (Hatcher et al., 1989). Along with the destruc- Berner, 1980; Aller, 1982). In addition, Yingst and
tion of the mangroves comes the anthropogenic effects Rhoads (1980) documented that microbial activity is
associated with the new developments. The mangroveinfluenced by sediment mixing rates.
sediments contain a historical record of information Mangroves dominate approximately 75% of the
on the temporal changes that have been brought aboutworld’s coastline between latitudes 28 and 25 S
as a result of these actions. This record is altered (McGill, 1959). These tropical coastal areas are re-
or smeared by the effects of sediment mixing (i.e. sponsible for about 75% of the sediment discharged
physical and/or biological mixing), which influences from land to sea. Often mangroves are considered
the preservation of the physical sedimentary struc- to be equivalent to salt marshes that develop on ex-
tures (Nittrouer and Sternberg, 1981). The alteration tensive suitable intertidal zones with great supply of
_— o ~_ fine-grained sediment and abundant rainfall or fresh
* Present Address: Department of Fisheries and Aquatic Sci-

ences, University of Florida, 7922 NW ¥1Street, Gainesville, water supply_ (Walsh, 19.74)' Ge.0|09|5t5 view man-
FL 32653. USA grove shorelines as sediment sinks and mangroves
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are thought to accelerate the rate of mud accretion in seawater and from?2Rn in the atmosphere. The
(Woodroffe, 1992). Young intertidal deposits that are atmospheric source is produced?dRn, a short-lived
covered by vegetation are protected against erosion by(r1,, = 3.8 dayg intermediate daughter 6f%Ra, es-
the dense network of trunks and pneumatophores thatcapes from the earth’s crust, decayst8Pb, and is
act as efficient sediment trappers (Scoffin, 1970). The deposited back to the ground. In most shallow water
underground root systems also play an important role environments, atmospheric input is the major source.
as sediment binders (Scoffin, 1970). The sediments 234Th s used to examine mixing processes on a 100
accumulate at the slack of high tide and after floods day time scale and is produced in seawater fféft.
bringing material from the sea and land. The accu- The cosmogenically produced radionuclide also is
mulating sediments are a mixture of clastic sediment a useful tracer with a 53 day half life that can be used to
and organic materials produced by the plants and their examine short-time scale (i.e. 250 days) mixing events.
associated fauna (Bird, 1971). Be is produced in the atmosphere by spallation reac-
While many human communities have a traditional tions of cosmic rays. These three tracers have the very
dependence on mangroves, understanding mangroveadvantageous property of being particle reactive and
ecosystems lags behind that of many other ecosystemsherefore, particle bound in the marine environment.
(Bunt, 1992). Despite the acceptance that mangrove This property combined with a known decay rate allows
ecosystems are important sinks for sediments, few the tracers to be used in the investigation of sediment
studies have addressed sediment mixing and accu-mixing and accumulation on the respective time scales
mulation in this environment. Simple accumulation of the individual radionuclides. In the present study
measurements have been made by simulating pneu-we use these radionuclides to establish sediment ac-
matophores using rods or stakes. In Australia, sedi- cumulation rates, estimate sediment mixing rates and
mentation rates determined by this method have shown determine the depth of the sediment mixed layer in the
varying rates from—11 to +4.6 mm/yr (Spenceley,  Sepetiba Bay mangrove ecosystem near Rio de Janeiro
1977, 1982). The pattern of sedimentation or erosion City, Brazil.
determined by the stake method has been questioned
as the stakes themselves may alter these processes.
Long-term accumulation rates have been determined Study area
using radiocarbon (Woodroffe, 1990). However, only
one study examining sedimentation rates over the pastBrazil has 10% of the worlds mangrove ecosystems
100 years has been conducted in which Lynch et al. most of which form a strip along a large portion
(1989) determined accumulation rates of up to 1.7 and of the coast of Brazil from Amap in the north to
4.4mm/yr in mangroves of Florida and Mexico, re- Santa Catarina in the south. In the northern states,
spectively, using*%Pb and'3’Cs.?1%b has provedto  the mangrove systems are well preserved, due to a
be a valuable tracer of sediment mixing and accumu- low population density and limited industrial develop-
lation in a variety of environments (Koide et al., 1972; ment. However, the southeastern coast has been
Benninger et al., 1979; Nittrouer and Sternberg, 1981; highly influenced by urban and industrial development
Nittrouer et al., 1984; Carpenter et al., 1984; Davis (Kjerfve and Lacerda, 1993).
et al., 1984; Sharma et al., 1987; Lynch et al., 1989;  Sepetiba Bay is a highly industrialized area located
Crusius and Anderson, 1991; and many others). How- 60 km west of the city of Rio de Janeiro (Figure 1).
ever, with the exception of Lynch et al. (1989), this Its first industry was a zinc smelter, which started
approach has been neglected in mangrove ecosystemsaround 1963 (FEEMA, 1980). Since then almost 400
Short-lived radionuclide$**Th and’Be have been ex-  industries, mainly pyro-metallurgical plants, have been
amined to determine sediment mixing rates in a variety established in the drainage basins of the Erancisco
of environments (Aller and Cochran, 1976; Aller etal., canal and Rio Guandu, which are the fresh water inputs
1980; Krishnaswami et al., 1980; Aller and DeMas- into the bay. Water circulation in the bay is controlled
ter, 1984; DeMaster et al., 1985; Cacey et al., 1986; by the tides and winds. Almost 50% of the inner bay
Rice, 1986) but have not been applied to mangrove area is characterized by tidal flats exposed during low
ecosystems. tide. Borges et al. (1989) studied sediments in the bay
20pp and234Th are naturally occurring radio- and compared bathymetric charts of 1868 and 1981.
nuclides of the®®®U decay series with a 22.3 year They determined that the north and northeastern parts
and 24.1 day half life, respectivel?!%Pb is used  of the bay are areas of sediment accumulation whereas
to examine sediment processes on a 100 year timethe southern inner bay along the Marambaia barrier
scale.?%Pp is supplied by its effective pareft®Ra island is an erosional area.
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Figure 1. Map of Sepetiba Bay and location of sampling sites.

Two sampling locations within the bay were se- quanhumjare in large number and are responsible for
lected for this study: (1) Enseada das @arand (2) intensive bio-mixing compared to the other site. The
Bara de Guaratiba (Figure 1). Enseada das &ahas  sediment grain size is 65—-75% clay and silt with roots
typical tidal flats of the northeastern part of the bay, downto 13cm.
exposed during low tide with a sequence of sedimen-
tary features. At the seaward edge a 30 m mud flat
swath along the coastline with half of the area covered Sediment mixing and accumulation model
by the sea grasSpartina alternifloraLoisel followed
by 70m of mangrove vegetation. The mud flat sedi- Sediment mixing, sediment accumulation, radioactive
ments consist of 95% silt and clay sized particles. At decay, and parent radionuclide supported production
the spartina fringe location grain size ranges from 70— affect radiochemical profiles in the sediments. These
90% silt and clay with roots penetrating to 20 cm. The processes are included in the following steady-state
mangrove sediment grain size is 65-75% silt and clay equation (Guinasso and Schink, 1975):
with roots down to 14 cm. Three characteristic species

2
compose the mangrove communityRhizophora DM - S% — M+ P=0, 1)
mangleL., Avicennia schaueriangtapf. et Leechman dz2 9z
andLaguncularia racemosg..) Gaertn. A is the total activity of the radionuclide (dpm/g,

~ The sediment dwelling fauna in the mangroves s 5 coefficient characterizing the sediment mixing rate
includes the largest number of species, in particular (cngyy), - is depth below the sediment-water interface
crustaceans and mollusks. Typical representatives arecm)," 5 is sediment accumulation (cm/yr), is the
the crabsCardiswa guanhumi, Ucides cordaiusie  decay constant (/yr), ané is the production from
musseldytella guyanensiandM. falcata the cockles  parent radionuclide (dpm/gly). By using the excess
Anomalocardia brasilianand Iphigenia brasiliensis activity the production term may be omitted. The so-

and the snaiMellanpus cofeugKjerfve and Lacerda, |ytion to this equation can be rearranged to calculate
1990). . ) accumulation rates.

At the Barra de Guaratiba station the mangroves N D A
are on an overwash island withouta mud flat sequence.  s— — "~ _ = [m <_°)} . @)
The island is located in front of the canal, which sep- In(Ao/A;) 2z Ag

arates the continent from the Marauibia barrier island. Sediment mixing by biological and physical processes
The mangrove vegetation is similar to the Enseada is modeled as a diffusive process. While sediment mix-
das Gayas site in composition, and the fauna in the ing is not truly a diffusive process, it may appear like
sediment is the same except the craBsrdisouna a diffusive process if non-diffusive individual events
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Table 1.Excess?10Pb, excess?3*Th and "Be

activities (dpm/g)
Spartina ex%b exXTh  7Be
fringe (B) dpm/g dpm/g dpm/g
0-1 5.98 1.17 nd
1-2 6.02 nd 7.05
2-3 5.47 nd 3.53
3-4 4.91 nd 3.55
4-5 3.39
5-7 5.25
7-9 2.66
9-11 4.87
11-13 5.39
13-15 421
20-25 2.84
25-30 1.20
30-35 0.63
30-35 0.16
Mud flat (A)
0-1 2.79
1-2 3.45
2-3 3.73
3-4 2.95
4-5 3.40
6-7 3.97
7-8 3.65
9-10 3.08
13-16 3.24
25-30 3.18
Mangrove (C)
0-1 4.00
1-2 3.52
2-3 3.72
34 4.55
4-5 4.27
6-7 2.85
7-8 3.62
9-10 0.86
25-30 0.03
Overwash (D)
0-1 2.00
1-2 1.71
2-3 161
3-4 1.54
4-5 1.37
6—7 1.57
7-8 1.73
9-10 1.91
10-13 2.10
16-19 0.50

are integrated over many events occurring rapidly as
compared to the tracer time scale. Equation 2 can be
further simplified to equation (3) if mixing is rapid and
accumulation slow.

2
Z
b= ['n(Ao/Az)} ' )

Eventually sediment reaches a depth where it is no
longer affected by sediment mixing. Below the region

affected by sediment mixing the sediment accumula-
tion rate can be calculated ignoring the mixing term

using the following equation:

AZ
= in(Ao/An) @

As stated above, sediment mixing is not truly diffusive
and sediments are moved advectively by biological and
physical processes. If these advective processes occur
on atime scale similar to the tracer time scale the tracer
profile may not appear as diffusive. In order for a diffu-
sion model to accurately represent the physical process,
sediment particles must be moved in a random manner
over short distances. Therefore, a large step length in
the advection of sediment may violate the diffusion
model assumptions. Selective feeding by benthic fauna
due to size, shape, texture or composition also would
violate the assumption of diffusive mixing by creating
non-random movement. Therefore, not all mixing will
appear as a diffusive process as revealed by some or all
tracers.

Methods

Four sediment cores were collected by inserting a core
tube with a 7 cm diameter into the sediment during low
tide in October 1995. The core locations are shown
in Figure 1. Three of these cores are from the Enseada
das Gayas station (1): (A) mud flat, (B) Spartina fringe
and (C) mangrove. The fourth core was taken from the
Barra de Guaratiba station (2) on a overwash island
(D). The cores were immediately transferred to the
laboratory and subsampled as indicated in Table 1.
210pp, 225Ra, 'Be and?3*Th measurements were
made using a semi-planar intrinsic germanium detector
coupled to a multichannel analyzer. Wet, homogenized
sediment was placed into preweighed 70 ml plastic
petri dishes. Activity was calculated by multiplying the
counts per minute by a factor that includes the gamma-
ray intensity and detector efficiency. This factor was
determined from standard calibrations. Identical ge-
ometry was used for all sample$t%Pb activity was
determined by the direct measurement of 46.5KeV



gamma peak.??®Ra activity was determined by a
weighted average from tw&*Pb energies, 295.2 and
351.9, and &“Bi gamma peak at 609.3 KeV (Moore,
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ment accumulation was determined from the slope of
the least-squares regression line from the ex€€8b
activity with depth below the sediment mixed layer

1984). For??5Ra measurements, the packed samples using equation (4). This assumes no mixing below the

were set aside for at least 21 days to allow4&Rn

to ingrow and secular equilibrium to be established
betweerf2%Ra and its granddaughté’$Pb and?1Bi.
Excess?10Pb activity was calculated by subtracting
the supported'%b (i.e.??°Ra activity).’Be was de-
termined directly from its gamma peak at 477.6 KeV.
234Th activity was determined from the direct measure-
ment of its 63.3 KeV gamma pead*Th supported by
238 was determined by recounting the samples after
allowing for the decay of the exce&¥'Th. The activity

sediment mixed layer. Mixing within this accumulation
region would cause an over estimation of the accumula-
tionrates. However, there is no evidence of deep mixing
observed in these cores.

The mud flat core has an exc&8&b mixed region
down to at least 30 cm, which is the entire length of the
core. The excesd%Pb activity within this deep mixed
region increases slightly, therefore a sediment mixing
rate was not calculated. Since the core did not penetrate
the mixed layer it is impossible to calculate a sediment

measured in the second counting was subtracted fromaccumulation rate in this core.

the first giving exces$3*Th (activity not supported
by 2381). "Be and exces&*Th were corrected for the

The exces£%Pb profile for the Spartina fringe
core has a mixed region down to 11 cm. The minimum

decay since the time of collection. For gamma energies sediment mixing rate within this region is 40 éyr

below about 295KeV self-absorption is significant,

based on exce$$%Pb activity. This calculation ignores

and the corrections were made using the approach oftwo points with somewhat lower activities caused by

Cutshall et al. (1983). After gamma counting, samples
were dried to determine dry weight.

large shells in the samples. Below the mixed region
the exces£1%Pb profile exhibits exponential decay.

The above gamma method was used for the SpartinaThe least-squares line yields an accumulation rate of

fringe (B) core while for the mud flat (A), mangrove (C)
and the overwash (D) cores orfi’Pb was determined.
For the latter core$%Pb activity was measured by
alpha counting its granddaughtétPo, using a tech-
nique similar to DeMaster et al. (1985).28°%Po spike

1.8 mm/yr.”Be penetrates to 4 cm depth whig#Th

is only detected in the surface interval. For this core it
also was possible to calculate a mixing rate based on
’Be. The'Be activity least-square line yields a mixing
rate of 15 cri/yr. In addition, the upper (1-2 cm) and

(used as a yield determinant) was added to 3 g of dried lower (3—4 cmY Be intervals were used and a 404yr

sediment prior to total dissolution with HF, HCIO
HNO3 and HCI. After the sediment was dissolved, the

mixing rate was calculated.
The mangrove core has an exc&$¥b profile ex-

sample was taken to dryness and then picked up in 6 N hibiting mixing down to 4 cm. The exce$¥Pb activity

HCI. The 6 N HCl solution was diluted to 1.5 N HCland
several milligrams of ascorbic acid were added to the
solution in order to complex iron. The polonium iso-

increases within this region, therefore a sediment mix-
ing rate was not calculated. Below the mixed region an
accumulation rate of 1.2 mm/yr was calculated. This

topes were removed from the solution by spontaneous accumulation rate is only an estimate due to the few
electrodeposition onto a silver planchet and measureddata points within the accumulation region.

by alpha spectroscop$9Pb activity from the deepest
samples was used to determine the suppott€ab
activity.

Results

Sample intervals, exce$8Pb, exces$3*Th and’Be

are all shown in the Table 1. Errors f8°Pb,23*Th and
’Be are approximately-5%, 10% and 20%, respec-
tively, based on one sigma counting statistics. Activity
profiles for each core are shown in Figures 2-5. Dif-
fusive mixing coefficients from near vertical profiles
were calculated using equation (3). Since the profiles
are nearly vertical, only a minimum estimate of the
sediment mixing coefficient can be calculated. Sedi-

The exces$1%b profile from the overwash core
shows a mixed region down to 13 cm. The ex¢é88b
activity in this core increases slightly with depth, there-
fore it is not possible to calculate a sediment mixing
rate. There is only one data point below this region.
Using the last data point in the mixed region and the
single point below we calculate an accumulation rate
of 1.3 mm/yr. This is only an approximation based on
these two data points.

Discussion

Sediment mixing

The mixed layer depths range from 4 cm in the man-
groves at the Enseada das @arstation to 13 cm on
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the overwash at the Barra de Guaratiba station. How- scale of?1%b, as do the other cores. Therefore, this
ever, the mud flat region at the Enseada das,&arc is a crude estimate of sediment mixing. Most likely
station is an exception where mixing is at leastto 30 cm this is not an appropriate manner in which to calculate
depth, which was the maximum depth of penetration sediment mixing rates from this profile. Having stated
for this core. This deep mixing is the result of intensive this we will proceed with a discussion based on this esti-
physical mixing as benthic fauna are absent. As the mated mixing rate in order to compare with the work of
tide rises sediment is resuspended, and at high tide theother investigators who also applied this method. The
mud flat sediment is highly disturbed with much sed- minimum mixing estimate calculated was 40%ym for
iment in suspension (direct observation). During cold the Spartinafringe. This was the only core thathad a de-
front events, this physical disturbance is very intensive, crease in exceg3%b activity with depth in the mixed
which happens almost 50 times a year and mainly in layer. Typical continental shelf margin environments
the spring season. have mixing rates ranging from 1-30 étyr (Carpen-

In the Spartina fringe core, the exc@$@Pb shows  teretal., 1982; DeMaster et al., 1985). Carpenter et all.
a mixed layer down to 11 cm. Due to the presence of (1984) observed mixing rates in Puget Sound ranging
the Spartina, this region is influenced less by physical from 1.5 to greater than 370 éfyr based orf1%Pb.
mixing than the mud flat and more by the many species Therefore, the mixing rate in the Spartina fringe core
of sediment fauna mentioned in the study site descrip- is in the high range or greater than typical values for
tion. From the?1%Pb profile in this mixed region, a  margin environments, but most likely not as extreme
minimum sediment mixing rate can be calculated based as those observed in Puget Sound.
on the mixing required to produce the vertical profile. Short-lived radionuclides are often used to examine
However, the profile exhibits some non-diffusive traits mixing because the same rates that produce vertical
(i.e. not truly uniform profiles) even on the longer time  profiles in21%Pb will yield decreasing profiles in the
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shorter-lived species due to the time scale. However, over the last 100 day334Th should be detected in the
the shorter-lived species often record a different and 1-2 cm interval, which is not the cas&Th is only
most often higher mixing rates perhaps as a result of detected in the 0-1 cm surface interval. There are two
seasonal and/or age dependent mixing (Smith et al., explanations that could account for this observation.
1993). In the Spartina fringe coré3e penetratesto a  The first is that the mixing rate varied over the last 250
depth of 4 cm with the maximum activity measured at days and was slower in the last 100 days. This could
the 1-2 cm interval’Be was not detected in the surface  be the result of a temporal change or a migration of
layer possibly due to the low mass of the sample and this the biological and/or physical mixing. An alternative
should not be interpreted as a zero activity. An estimate explanation would be that mixing has not decreased,
of the sediment mixing rate was determined frbe butthat the addition of exce$¥'Th is not a steady-state
using two methods. A mixing rate of 15 éfgr was process. Excess%Pb and’Be are deposited from the
calculated using a least-squares line and a Z4lam  atmosphere whilé3*Th is dependent on the addition
rate was calculated using the upper and lower data of sediment or the removal 0f34Th from seawater
points only. The later method was used because thepassing over the sediment surface. Addition of excess
2-3 and 3-4 cm interval activities were identical and %1%Pb and’Be also may vary with time, but the longer
the 40 crd/yr mixing rate is required to produce the time scales would dampen the effects. Therefore, the
measured activity in the 3—4 cm interval. This rate was differences observed could be the result of the tracer
the same magnitude as the mixing rate determined us-source and not the sediment mixing rate.

ing exces$'%Pb (40 cri/yr). Therefore, the sediment The mangrove area at the Enseada das #3asta-
mixing rate over the past 250 days is similar to the long tion has a mixed layer 4 cm deep. This area is thought
term rate. This does not necessarily mean the rate hasto be influenced even less by physical mixing than
remained constant. If the mixing rate was the same the Spartina fringe because the physical forces should
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be dampened as the mangroves are protected by thel989). The difference between Lynch et al. (1989)
Spartina. Also this core was not taken from the edge and the present study may be due to the differences
of the mangroves but further within the mangroves, in the regions or heterogeneity within the mangrove
which provides additional protection from physical dis- ecosystems examined.
turbance. The overwash core at the Barra de Guaratiba
station while also from a mangrove region does not Sediment accumulation
have the protection of the Spartina fringe and is on
the edge of the mangroves. This results in a deeperBased on the profiles below the mixed layer and
mixed layer of 13cm. The overwash also has a higher assuming negligible mixing in this region, the sedi-
occurrence of the crabs as mentioned in the study ment accumulation rates calculated range from 1.2 to
site description, which are responsible for increased 1.8 mm/yr. The highest accumulation rate measured
biological mixing. was for the Spartina fringe, which is most likely due
The mixed layer depths in these cores are similar to to the high sediment trapping ability of the Spartina.
those observed in Long Island Sound (Benniger et al., The higher accumulation rate may also be influenced
1979), a South Carolina salt marsh (Sharma et al., by the close proximity to the mud flat, which during
1987) and the Washington continental shelf (Nittrouer disturbance events could be a major source of sedi-
et al., 1984). However, the previous investigation in a ment. Other studies in mangroves (Lynch et al., 1989)
mangrove ecosystem revealed a shallow mixed region and salt marsh ecosystems (Hatton et al., 1983; De-
downto 2.9 cminonly one core from Boca Chica, Mex- Laune etal., 1983; Feijtel et al., 1985; Stevenson et al.,
ico, of the seven other cores from Mexico and Florida 1985) have documented similar higher accumulation
no other evidence of mixing was observed (Lynch etal., rates on fringes as opposed to backmarsh areas. While
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the physical environments of the two mangrove sites 1969; Woodroffe, 1981). In the salt marshes of North
are somewhat different the balance between trapping America, vertical accretion and sea level rise are in
of sediment and the supply of sediment appear simi- good agreement. Lynch et al. (1989) show that the
lar. This produces nearly identical accumulation rates mangrove systems in Florida and Mexico are following
of 1.2mml/yr in the Enseada das Gascmangroves the rate of sea level rise as well. While practically
and 1.3 mm/yr from the overwash mangrove site. Both no work on the modern rate of sea level change has
cores from the mangroves appear to have similar accu-been conducted in this region, the change is thought
mulation rates although the data used to calculate theseto be approximately zero. Therefore, the rate of man-
rates are sparse. Because of the sparse data within thgrove sediment accretion is outpacing the sea level
accumulation region, these rates are estimates. change. This means the mangroves will continue to
Lynch et al. (1989) determined accumulation rates grow and possibly move seaward. Another possibility
using exces$!%Pb in mangroves of Floridaand Mexico  is that approximately a 1 mm/yr sea level rise has gone
to range from 1.0 to 4.4 mm/yr. Salt marsh sediment undetected. Based on the past use of mangrove peat
accumulation rates along the east coast of North deposits to record sea level and the recent studies doc-
America range from 1.4 to 5.0 mm/yr (Sharma et al., umenting salt marsh and mangrove accretion following
1987). Therefore, the sediment accumulation rates cal- sea level, approximately a 1 mm/yr sea level rise in this
culated in the present study fall within the same range area seems very likely.
as salt marshes and other mangrove ecosystems.
For mangrove vegetation to persist, the sediment
accumulation rate must follow the rise and fall of Conclusion
sea level. Because of this dependence, mangrove
peat deposits have been used to record sea levelSediment mixing depth decreases from the mud flat
over time (Scholl and Stuiver, 1967; Scholl et al., through the Spartina fringe to the mangrove area at
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Enseada das Gas. The mixed layer in the mud flatis  Aller, R.C., Benninger, L.K. and Cochran, J.K. 1980. Tracking
at least 30 cm and due to physical mixing. The mixed particle-associated processes in nearshore environments by use

; : . : of 234Th/238y disequilibrium. Earth and Planetary Science
layer in the Spartina fringe is 11 cm and caused by a Letters, 47: 161170,

combination of physical and biological m!xmg. The Aller, R.C. 1982. The effects of macrobenthos on chemical prop-
mangroves are well protected from physical mixing  erties of marine sediment and overlying water, pp. 53—-102.
and have a mixed layer of 4cm created by biological ~ In: McCall, P.L. and Tevesz. M.S.J. (eds), Animal-Sediment
mixing. Therefore, as we move inland from the mud _ Relations. Plenum Press, New York.

i Aller, R.C. and DeMaster, D.J. 1984. Estimates of particle flux
flat the depth of mixing decreases and the cause of the’™_ - | reworking at the deep-sea floor ustAfirh/238U disequi-

mixing shifts from physical to biological. The mixed librium. Earth and Planetary Science Letters 67: 308—318.
layer at the overwash is 13cm deep and has the po-Benninger, LK., Aller, R.C., Cochran, J.K. and Turekian,
tential to be caused by physical and biological mixing. ~ K.K. 1979. Effects of biological sediment mixing on the

The "Be and?34Th data from a single core suggests 10pp chronology and trace metal distribution in a long island
L . sound sediment core. Earth and Planetary Science Letters 43:
future studies in mangrove ecosystems would benefit 541 55q

from examining these shorter-lived radionuclides inthe Berner, R.A. 1980. Early Diagenesis: A Theoretical Approach.
investigation of sediment mixing. These radionuclides  Princeton University Press, Princeton, NJ, 241 pp.
could provide better estimates of rapid diffusive mixing B"?é”';%g_- 1189511-9’\43”9foves as land-builders. Victorian Natu-
and identify areas of advective mixing. . Borges, H.V,, Figueiredo, Jr., A.G. and Beisl, C.H. 1989. Baia de
The Spartina fringe has a sediment accumulation  gepetiba-evolian geomorfd nos ultimos 100 anos. Ir°
rate of 1.8 mm/yr and is the fastest rate observed in  Simposio de Geologia do Sudeg&o de Janeiro, Brazil, pp.
this study. The high accumulation rate is the result of 5 5?—33% 1992, Introduction. In: Robertson. AL and Aloni
H P H unt, J.o. . Introauction. In: Ropertson, A.l. an ongl,
the t_rapplng efficiency of the Spartina ?‘”d the. close D.M. (eds), Coastal and Estuarine Studies, Vol. 41, Trgp-
p!‘OXImIty of the mud flat. The mud flat is phy§|cally ical Mangrove Ecosystems. American Geophysical Union,
disturbed often and therefore can supply sediment to  washington, DC, pp.1-6.
the Spartina fringe. The mangrove site at Enseada dasCarpenter, R., Peterson, M.L., Bennett, J.T. and Somayajulu,

- : : 210pp in Puget Sound sediments. Geochimica et Cosmochim-
an estimated sediment accumulation rate of 1.2 and ., '» 12 48°1949-1983.

;l--3 mm/yr, respectively. It is IYPical for areas farther casey, W.H., Larsen, I.L. and Olsen, C.R. 1986. The distribu-
inland to have lower accumulation rates. For the man- tion of cosmogeni¢Be in salt marsh sediments. Geophysical
groves to persist it is necessary for the accumulation  Research Letters 13: 322-325.

rate to follow sea level, therefore these accumulation Crusius, J. and Anderson, R.F. 1991. Immobility?fPb in
. . Black Sea sediments. Geochimica et Cosmochimica Acta, 55:
rates suggest a sea level rise in the range of Lmm/yr 55, 50

in this area. This estimate is the only hint at the sea cutshall, N.H., Larsen, I.L. and Olsen, C.R. 1983. Direct analy-
level change in the area and additional investigation is  sis of?1%Pb in sediment samples: self-absorption corrections.
needed to confirm this possibility. Nuclear Instruments and Methods 206: 309-312.
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ABSTRACT

In order to understand the tsunami reduction effect of the coastal
permeable structures as the coastal forest and the artificial wave
dissipating structure, the hydraulic experiment is carried out. The
hydraulic experiment for the tsunami of two different amplitudes with
five kinds of models; mangrove, coastal forest, wave dissipating block,
rock breakwater, houses, with different structure and porosity was
carried out in order to measure an effectiveness in reducing tsunami
disaster. Wave height, the horizontal velocity, and wave pressure were
measured for each model case. The measuring points are arranged by
considering the impact of the tsunami due to the existence of permeable
structure, and the change of tsunami at the front and rear side of a
model, and the reduction effect by model conditions was compared.
Comparing with the forest case and the artificial structure case, the
quantity of reduction on the forest case is smaller than the artificial
structure. Although there is the reduction effect by the forest existence
and the coastal forest is effective in the damage mitigation by tsunami.
Experimental results suggest that the tsunami reduction effect in the
water level, the flow velocity and fluid force in the structure back by
the permeable structures was fully expectable.

KEY WORDS: Tsunami; coastal permeable structure; coastal forest;
artificial wave dissipating structure; fluid force; tsunami reduction

INTRODUCTION
Appropriate Utilization of Natural and Artificial Barriers

The countries along the Pacific coast have been much damaged and
caused human and economical loss by earthquakes and tsunamis. In
Japan, the artificial coastal barriers such as seawalls and breakwaters
have been constructed and have played an important role in protecting
the coastal area from natural hazards (tsunami, tidal wave, high wave).
Now we have faced serious problem in environment and maintenance
of the artificial coastal barriers for long term. Although the frequency
of these disasters is high in other countries in Southeast Asian, the
prevention countermeasures to the damage by tsunami are not taken
fully. There are also reasons of environmental problem and high costs
of the construction and long time maintenance of the artificial coastal
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barriers. Under such condition, it has recently been recognized that
mangroves and other coastal vegetation forming important marine-
coastal ecosystem can be utilized as a natural and effective buffer
against the impact of large waves.

It is time to provide with technical information and guideline for
coastal barrier by using natural and artificial functions for more
appropriate management for natural disaster reduction and keeping
environment.

Previous Study

The action of waves and currents through vegetation in an attempt to
understand the flow field in a mangrove forest has been numerically
investigated. Especially tide, wind-waves and storm-surges are
concerned for an ecosystem in ordinary conditions, Petryk and
Bosmajian (1976) introduced a method of force balance to estimate the
Manning friction coefficient due to vegetation and boundary roughness,
and suggested that a flow is resisted mainly due to the drag force of
vegetation. Wolanski et al. (1980), Wolanski et al. (1992), and
Kanazawa and Mazda (1994) also studied the flow field of tide on
mangrove and simulated the flow field in a mangrove swamp and creek
by using the Manning roughness coefficient, n, in their computer model.
These suggested that # is on the order of 0.2-0.4 in a swamp and 0.02-
0.04 in a creek.

As for a tsunami passing through an obstacle, Goto and Shuto (1983)
experimentally studied the energy head loss to evaluate the effect of
large obstacles on tsunami inundation. They numerically simulated
tsunami behavior on land with large-scale obstacles. The obstacles,
however, were limited to simple type of rectangular in one-dimensional
and steady flow. Noji et al. (1993) carried out experimental and
numerical analysis of the movement of rocks transported by a tsunami
and modeled the impact force as inertia due to tsunami attack, in which
the drag coefficient, Cp ranges from 2-6 and the virtual mass
coefficient, Cy, is approximately 2 when the rocky model is completely
submerged. The drag coefficient is significant and not negligible in the
case of a tsunami attacking to coastal vegetation. Harada et al. (2000)
proposed the tsunami numerical simulation including the effect of
costal forest resistances. However, they have not formulated thoroughly



forest resistance coefficients. Harada and Imamura (2001) proposed the
resistance coefficients due to mangrove under the unsteady flow from
the hydraulic experiment analysis. They suggested that Cj, is related to
the volume occupation rate. However the quantitative and concrete role of
coastal forests in reducing the impact of attacking waves has not been
established.

The effect to reduce tsunami by the coastal forests and the artificial
coastal barriers is effective and is expected as a coastal prevention
countermeasure. However, the concrete effectiveness of these coastal
forest and artificial structures in reducing tsunami has not been
understood clearly. Then, the hydraulic experiment was carried about the
coastal forests and the permeable structures, and the effectiveness in reducing
tsunami disaster was examined. For the understanding mechanism of the
tsunami reduction by the coastal forests and the permeable structures in the coast,
the purpose of this study is examining the effect of reducing tsunami by the
hydraulic experiment.

HYDRAULIC EXPERIMENT
Permeable Models for Tsunami Reduction

To compare the effects of different permeable model with types, five
type permeable structures with different porosity and design are
selected in the hydraulic experiment. Two kinds of coastal forest
models were designed to compare with porosity distribution. One is the
mangrove model which porosity is changed in the vertical direction by
consisting of root, trunk and leaf. The other is a model, which have no
change of porosity in the vertical direction. Two kinds of penetrable
structure models were made for compare to the tsunami reducing effect
with forest model. One is a piled up the wave-dissipating block and the
other is the rock breakwater which is a basket containing the gravel. As
a model of a house group, the square pillar was arranged in the channel.
The case without permeable structure was also carried out to compare
the result with models. The experimental models and conditions are
summarized in Table 1.

Table 1. Experimental conditions

No. Model Condition Porosity | Valves
Case-l | without 1 2
Case-2 5
Case-3 Mangrove 0.964 - 2
Case-4 Forest (72 cylinders) 0.973 5
Case-5 ore Leaf and Brunch 0.97 2
Case-6 (5cm x 4 sheets) ’ 5
Case-7 Wave Dissipating 2

0.75
Case-8 | Permeable Block 5
Case-9 | Structure | pook preakwater 2
0.38
Case-10 (Gravel) 5
-11 2
Case Houses 10x 10)? 30cm 0.36
Case-~12 Square pillar 16 5

The sketch of mangrove model is shown in Fig.l. The mangrove
model is consists of three parts; root, trunk and leaf. The root in the
model is made of the porous sheet with a thickness of 0.05m and it was
put on the bottom of the channel. The leaf in the model is also made of
porous sheet and it was put at the height of 0.15-0.20m from the bottom.
The trunk is composed of the plastic pillar with a diameter of 0.01 m.
The plastic pillar was arranged to 0.08 m in interval and the total of 72
pillars (6 x 12) was put with a staggered pattern. The porosity of a
mangrove model is varies with water depth, which value is between
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0.964-0.973.

The sketch of the leaf and branch forest model is shown in Fig.2. The
leaf and branch forest model is made of the porous sheets consisting of
thin plastic. A porous sheet has the thickness of 0.05m and the size of
0.5 x 0.5m. The model is composed of four porous sheets and became
0.20 m in height. This model has no change of porosity in the vertical
direction, because it is assumed that the forest where branch and leaf
have grown is thick uniformly in the vertical direction. The porosity of
the leaf and branch forest model became 0.97.
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Fig.1 Sketch of Mangrove Model (side view and over view)
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Fig.4 Sketch of rock breakwater model (side view)
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The sketch of wave dissipating block models is shown in Fig.3. The
wave dissipating block models is piled on the experimental channel.
One block model is made of concrete, which are 0.073 kg in weight
and 1.78 x 107 m® in volume. 546 block models were totally piled to
0.20m in height, 0.3m in top width, 0.5m in bottom with, and 2:1 in
slopes in both side. The porosity of the model became 0.75.

The sketch of rock breakwater model is shown in Fig4. The rock
breakwater model is made of two baskets containing the gravel. One is
the trapezoid section model and the other is the rectangular one, The
trapezoid section model is 0.1m in height, 0.2m in top width, 0.4m in
bottom width, and [:1 in both side slopes. The rectangular model is
0.2m in height, and 0.4m in width. The trapezoid side model was put on
the rectangular side model. The size of the used gravel is 0.02m or less
in particle diameter. The porosity of the model is 0.38.

The sketch of house group model is shown in Fig.5. We designed the
house group model making of the square pillars, which are plastic
board of 0.1m widths and length, and 0.3 m height. A total of 16 square
pillars (4 x 4) bave been arranged in the channel. The distance between
each square pillar is 0.025m and the porosity of the model became 0.36.

Experimental Set - up

The hydraulic experiment for unsteady flow modeling transient wave
of tsunami was carried out in an open channel of 20.7 m in length, 1.0
m in height, 1.0 m in width as shown in Fig.6. From the one end of the
channel, a flat bottom of 0.7 m in depth is connected by a steep slope of
1:3 to a shallow flat bottom of 0.16 m in depth. The slope of 1:30
continues to the other end of the channel, which can reduce the
reflected wave after passing the mangrove model. The wave generator
was installed in the end of channel at the deeper side. This wave
generator has five electromagnetic valves for control wave height.
Discharging the water from tank generates a long wave with bore front.
The generated wave is controlled by the opening and the closing the
five valves. The channel width in the slope is narrowed to 0.5 m to
amplify wave enough to be measured.

Wave Generator 200 800
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Fig.6 Experimental Set-up (over view and side view)

The permeable models were placed on the slope of 1:30 in shallow
water, the 3.35 m distance from the slope beginning (see Fig.7). Fig.7
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shows the measurement points (M.P.1:Incident point, M.P.2: Front side
of model, M.P.3: Rear side of model, M.P.4: Transmitted point) in the
hydraulic experiment. Water elevation and current at each measurement
points were measured for further understanding of wave transformation
due to permeable structures. Additionally, the wave pressure gauges
were installed, and the pressure due to the unsteady flow at each
measurement points were measured. The pressure gauges were fixed at
measuring points on the model.

480

¢ :Pressure
- :Current

(cm)

M.P. : Measured Point

Fig.7 Measurement points

In this study, two case of different wave height are carried out for
examining with tsunami height. For the case of large and small wave
height, five and two electro magnetic valves are opened. In the
condition without model, the maximum value of wave height at the
measuring point 1 is 0.142m at the case of five valves opened and
0.129 m at the case of two valves opened.

Some of wave dissipating blocks were flowed out by the wave action at
the case of five valves opened generating large wave height. This is
why the data of this case could not be measured and not used.

EXPERIMENTAL RESULTS
Hydraulic Properties with and without permeable models

In this subsection, the variations of measured data by the case with and

without the models are explained. As an example of experimental data,
Fig.8, 9 and 10 show time series of the water elevation, current and
pressure at M.P.2, M.P.3 and M.P.4. The conditions are the leaf and
branch forest model at small wave height (Case-5) and the case without
model at small wave height (Case-1).

By the reflection of forest model, the water elevation increased to
0.055m (+63%) in the maximum at the front of the model (M.P.2). At
the rear of model (M.P.3), the water elevation decreased to 0.053m (-
58%) in the maximum. This is the tsunami reduction effect in height at
the rear of permeable structure. In the same way, the current decreased
at front of model by reflection, and at rear of the model by energy
dissipation. Especially, the maximum value of current at the rear of the
model decreased to 0.32 m/sec, indicating current reduction effect of
35%. At the front of the model, pressure became large by the increasing
water elevation. The pressure decreased by the decrease of water
elevation at the model back.
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Variation Rate of Maximum Values

In order to examine the effect of the model, the variation rate of
maximum values of elevation, current and pressure by using the data
with and without the models are examined at every measurement points.
Elevation is important parameter to discuss the inundation causing
human house damage. Current and pressure are also important items to
estimate house damage by tsunami wave force including inertia and
drag forces. The value of variation rate can be calculated by dividing
with the data with permeable model and without model. The values of
variation rate become less than 1.0 means the decrease of the data with
the models, including the effect due to the model. The changes of the
measurement in the case of a small wave height by the existence of a
model are shown to Fig.11, 12, and 13.
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Fig.11 Variation Rate of Maximum Elevation on Small Wave Height
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Fig.12 Variation Rate of Maximum Current on Small Wave Height
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Fig.13 Variation Rate of Maximum Pressure on Small Wave Height
As the first of three items to study, the variation rate of the maximum



value of elevation at each measuring point is shown in Fig.11.
Increasing at the front and decease at the back of the models are
observed, suggesting that the area of the front become more dangerous
and one at the back safer. The transmitted wave became large at the
front and small at the back by reflection of the models, which is
common for the all models. Additionally, the reduction effect of the
coastal forest models of mangrove and forest is almost as same as that
by artificial barriers.

The next, Fig.12 shows the variation rate of the maximum value of
current which decreased at all measurement points for the models
except for house group model due to the reflection at front of models.
Passing through the models could dissipate the wave dynamics energy
at any point. Largest reduction effect of current is observed at the back
of model. The reduction effect of current at back is different among the
models. The effect of costal forest models with large porosity is
smallest. But there is one cases in which increased the rear of model. In
house model case, current in the rear increases by passing through the
narrow space between the square pillars as house models. After passing
through the model, the maximum change of current at M.P.4 is reduced.

Finally, the variation rate of the maximum value of measured pressure
is shown in Fig.13. Measured pressure increase at the front of model
(M.P.2). From Fig.11 and Fig.13, it is considered that the increase of
pressure at the front is influenced by the increase of elevation. At the
behind of the models (M.P.3), the variation rate of measured pressure
for the case of artificial barriers models with small porosity become
under 1.0 but those for the case of coastal forest models with large
porosity are still over 1.0. The flow patters at the behind of coastal
forest models might be complicated and influence the pressure. On the
other hand, at the back of the all models (M.P.4), the variation rate of
the measured pressure for the all model cases becomes less than 1.0,
The measurement pressure at the back is decreased in all cases.

Through the data at the transmitted point (M.P.4) in Figs 11, 12 and 13,
it is shown that there are the obvious reduction effects of elevation and
pressure for the all models, however that of current for the house model
is different. Additionally, we can expect that the reduction effect of
tsunami for the forest is almost same as those as artificial barriers.

Fig.14, 15 and 16 show the variation rate of the maximum values on
elevation, current and pressure at the case of large wave height. Since
the model conditions are same as the case of small wave height, the
tendency of the variation rate of value become almost same. Each value
(elevation, current and pressure) is reduced at the rear side by the
permeable models.

Hydraulic Forces in Reducing Tsunami Impact

When we discuss the tsunami reduction effect behind the permeable
structures, house damage due to tsunami is one of major items.
Generally, the main force causing house damage in the case of steady
flow is drag force. Hatori (1984) proposed relationship between the
hydraulic force and the house damage due to tsunami. The hydraulic
force is expressed by Eq.1, product of water density: p, the inundation

depth:5; and the square of flow current: u* meaning that the hydraulic
force is corresponding to drag force. Hiraishi et al. (2000) also
discussed the house damage due to tidal wave with the hydraulic force.

In the case of the wooden house, those would be destroyed when the
hydraulic force factor exceed 5 x 10° N/m.
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Fig.17 shows the time histories of hydraulic force from experimental
data. The conditions are the case of leaf and branch forest model at
small wave height (Case-5) and the case without model at small wave
height (Case-1). This figure clearly shows that the hydraulic force is
reduced at M.P.2 (front), M.P.3 (rear) and M.P.4 (transmitted point).
The hydraulic force is decreased by the reduction of current due to the
reflection at front of model (M.P.2). And the hydraulic force factor is
decreased caused by the reduction of elevation and current due to the
energy dissipation at M.P.3 and M.P.4. These mean that the effect of
tsunami reduction on house damage behind the forest is fully
expectable. There are the same tendencies to the other experimental
cases.
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For farther understanding of the reduction effect by the permeable
structures, the rates of maximum hydraulic force with and without
model case are shown in Fig.18. The open circles and open squares
mean the variation rate of the maximum values of hydraulic force
[P'77'U3(Widl)/l)'17‘ uz(wjthout)] at the front side of model (M.P.1

and M.P.2). The solid triangles and solid lozenge mean the variation
rate of the maximum value of hydraulic force at the behind of model
(M.P.3 and M.P.4). The rate at the M.P.4 (transmitted point) is less than
1.0 in all cases. This means that the hydraulic forces are reduced due to
the permeable structures at the behind of model. Especially there is the
tsunami reduction effect in hydraulic force not only the artificial
permeable structure models but also the forest type model (Mangrove
and Forest).

CONCLUSIONS

For the understanding of the tsunami reduction effect by the coastal
forests and the permeable structures in the coast, the hydraulic
experiment was carried out. The obtained result is as follows.

1. From the comparison between the two cases with and without the
permeable model, the variation rate of the maximum of elevation,
current and pressure are reduced at behind of model in almost all
cases. And this experimental analysis means the effectiveness of
tsunami reduction at behind of model by all permeable structures;
mangrove, forest, wave dissipating block, rock breakwater, houses.

2. The hydraulic force can be reduced at behind of model in all cases,
suggesting the tsunami reduction effect in hydraulic force for not
only the artificial permeable structure models but also the forest type
models; Mangrove and Forest.

By taking in tsunami reduction effects to numerical simulation, it
becomes possible to acquire the useful information about tsunami
disaster prevention countermeasures.
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Portuguese Hydrography

The Goan Naval services supervised the
survey and publication of the plan of the
Aguada Bay and the bar of the Mandovi
River in 1926. A report was published
in 1930, about their activities since 1898.
The first radiotglegraph station was set
up in 1931 to provide improved
hydrographic services to the increasing
river traffic.

International Cooperation

Lieutenant Commander TMS Milnes
Henderson attended the International
Hydrographic Conference in Monaco in
October 1926.

Commander Melhuish attended the
Empire Conference of Surveyors and the
International Geographic Congress in
1928.

Lieutenant Ryland attended the
International Oceanographic Conference
at Seville in 1929.

difficult due to the thick mud and mangroves. The first lieutenant, a
midshipman and one rating were washed off Blemish Rock in Mandwa
Bay. Though badly injured, they were all recovered. In all, 14 surveys
covering 400 miles of coastline and 1250 square miles of sounding
including a search for the Wadge Bank and shoals were carried out.
“Investigator”, assisted by “Palinurus”, carried out a survey from Gogha
to the Bhavnagar lighthouse on a scale of 1:25000. The “Investigator”
went on to survey Port AlbertVictor on a scale of 1:12500. On February
8, 1927, the survey of the Kathiawar Coast from Diu Head to Chanch
was started on a scale of 1:75000. This was carried upto Rajpur and
included a survey of the Simbor Anchorage. “Palinurus” did an
independent survey of the Kathiawar Coast from Patwa Bay to Gopnath
Point finishing in time for the refit season and the annual survey of the
government dockyard.

The months of October and November 1927 were spent with both
ships surveying the area between Gopnath Point and Gogha, on a scale of
1:75000. Having verified the shoals off Gwadar the “Investigator”
proceeded to conduct a preliminary survey of the northern portion of
the South Patches in the Bay of Bengal and a sketch survey of the North
Patches including that of the Dolphin Shoals. The.study of the approaches
to the Karnaphuli River occupied the rest of the season.

The R..M.S. “Palinurus” conducted an independent survey of the
Kathiawar Coast from Rajpur to Diu Head and then spent the rest of her
time in intensive gunnery training as the proposed, Jaffnapatnam, survey

was abandoned by the government of Ceylon.

In October 1928, H.M.L.S. “Palinurus” surveyed the West Coast, southwards from Mangalore. This survey
was carried out over four seasons, all the way down to the Tellicherry Anchorage. By January 23, 1929, she left

to investigate the shoals on the Wadge Bank, southwest of Cape Comorin. The shoals northeast of Trincomali

were examined next. A survey of the roadstead at Cuddalore was completed before she returned to Bombay.

The next year saw a continuation of the West Coast survey. H. M. L.S. “Investigator” surveyed the approaches

to the Karnaphuli River, Chittagong followed by a survey of the approaches to the Rangoon River. Tide parties

Chacluda temple.

Touwer.

"One Tree hill.  Tower. Mosque.

Shiyal Bet, Savai Bet.
bearing 042°, 13 miles.

Leading beacons nearly
in line, bearing about 019°,

Entrance to Pipavav Bandar from S.
(Originat prior to 1928.)
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(Left to right standing)
Jefford, Hunt, Thomson,
Caws, Paine

(Left to right sitting)
Sanderson, Melhuish,
Ryland

were established on the Krishna and China Bakir Light Vessels, the Bumlitan Creek was examined and soundings
were taken around Alguada. The Rangoon River survey and the survey of the approaches to the Pakchan River
occupied the rest of the season. The “Investigator” remained deployed in this region for three consecutive

seasons.

In 1930, the first Indian to join the Hooghl
On October 4, 1930, H.M.LS. “Investigator” inspected the J i

) . 4 ) River Survey was Mr. Ramdass Katari, a
meteorological station, at the request of the director Meteorological

graduate of the first batch trained on

Department, India, and erected new instruments at Car Nicobar en hoaTite Fai S e g

route to Victoria Point. The survey of the Mergui Peninsula was Seived 1 D30 Be vient bh i e

continued and a resurvey of the southern approaches to the Pakchan Royal Indian Navy Reserve and eventually

River completed. became the first Indian chief of Naval Staff

H.M.LS. “Palinurus”, commanded by Lieutenant Commander ] g ey

Ryland, undertook a small survey for Bhavnagar followed by a survey

of Port Navlakhi and an examination of the Cochin Roadstead. The early days of March were spent in the
survey of the Alleppey roads and the vessel then sailed to Cannanore to continue with the West Coast survey. In
the course of the year, the “Palinurus” had sailed 4176 miles with 1701 miles of sounding covering 178 square

miles of water and 38 miles of coastline.

Pulau Tonton. Conspicuous double peak Sims reef beacon “ Pulau Besin. Pulau Jungis. Goli Chang.
in line with E. tangent of Akha Barit.
Thane islet, bearing 149°, 4 miles.

Leading Mark for the northern approach to Pakchan River.
(Original dated 1930.)
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Abstract

Approximately 60% of the southern Thai coastline used to be occupied by mangroves according to the first mangrove forest assessment in
1961. During the past three decades, these mangrove areas have been reduced to about 50% with less than 10% left on the east coast. Coastal
erosion and accretion occur irregularly along the coast but an intensification of erosion has been noticed during the past decade. This study
assessed the relationship between mangrove presence and changes in coastal area. Mangrove colonization rates were assessed using in situ tran-
sects and remote sensing time series. Both methods led to comparable estimates ranging between 5 and 40 m y . Quantitative data on changes
of coastal segments along southern Thai coastlines as well as available possible factors responsible for these changes were compiled. Overall, net
erosion prevailed (1.3 &= 0.4 m y'). The Gulf of Thailand coastline in the East of the country was found to be most dynamic: change occurred
along more coastal segments than in the West (43% vs. 16%). Rates of erosion and accretion were also higher, 3.6 versus 2.9 my~' and 2.6
versus 1.5 my ', respectively. Total area losses accounted for 0.91 km? y~! for the Gulf coast and 0.25 km® y~' for the West. Coasts with
and without mangroves behaved differently: in the presence of mangroves less erosion was observed whilst expansion occurred at particular
coastal types with mangrove existence, i.e. river mouths and sheltered bays. Possible underlying causes were examined using multivariate anal-
ysis. Eroded areas were found to increase with increased area of shrimp farms, increased fetch to the prevailing monsoon, and when dams re-
duced riverine inputs. Notably, however, in areas where erosion prevailed, the presence of mangroves reduced these erosion rates. Mangrove loss
was found to be higher in the presence of shrimp farms and in areas where mangrove forests used to be extensive in the past.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: mangrove; progradation; erosion; sedimentation; Thailand; Asia

1. Introduction 1993; Ruitenbeek, 1994; Plathong and Sitthirach, 1998; Gilbert

and Janssen, 1998; Semesi, 1998; Janssen and Padilla, 1999).

Historically, large tracts of the coastal zone of SE Asia have
been occupied by mangroves (Rao, 1986; Aksornkoae, 1993).
During the past decades, these mangroves have been cleared
over vast areas to accommodate increasingly intensive forms
of land-use for human benefit such as settlement, transport in-
frastructure, agriculture and aquaculture, especially shrimp
farming. Traditionally, mangrove forests provide the coastal
human population with a variety of goods and services on
which poorer strata of society depend strongly (Aksornkoae,
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The notion of the importance of mangrove forests has urged
widespread reforestation schemes to cope with this decline
(FAO, 1994; Havanond, 1995; Field, 1999). The success of re-
forestation has been variable, however, amongst others due to
the neglect of the ecology of sites and species (Khemnark,
1995; Havanond, 1995; Elster, 2000; Thampanya et al.,
2002a,b). Mangroves have their widest extent in lowland
deltas (Woodroffe, 1992; Robertson and Alongi, 1992),
i.e. where sediment delivery allows a net progression of a soft-bot-
tom coastline. Deltaic coasts are affected by changes both on
the land and in the sea. Anthropogenic activities in upland
catchments such as deforestation, cultivation, dam construc-
tions as well as coastal activities such as construction of ports,
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sand barriers, break-waters and jetties, all may have adverse
impacts on the sediment delivery and thus on the availability
of mangrove habitats (FAO, 1994; Saito, 2001; Hogarth,
2001). An important question is whether mangroves simply
follow the geologically changing coastlines or also protect
the coastlines from erosion, hence accelerate the entrapment
of suspended particulate matter from land and sea (Thom,
1982; Field, 1995; Blasco et al., 1996; Furukawa and Wolan-
ski, 1996). The latter would provide a potentially powerful
feedback enabling the continued existence of mangrove stands
at reduced terrestrial sediment delivery and, possibly, foreseen
sea level rise (Ellison, 1993; Blasco et al., 1996; Hogarth,
2001). However, it is difficult to establish experimentally, be-
cause of the vast spatial scale of the system invaded. We there-
fore attempted a multivariate approach, using provinces and
coastal segments in Southern Thailand as replicates.

In this paper we provide a regional overview of coastal pro-
gradation and erosion along the coasts of Southern Thailand
and specifically focus on long-term development in a number
of areas with comparatively large mangrove stands. We com-
bine detailed longer time coastal development assessment for
these sites using remote sensing in combination with in situ
studies and compare the results with overall patterns synthe-
sized from coastal surveys for all coastal provinces of Southern
Thailand (from Sinsakul et al., 1999, 2002). Our aims were: (1)
to assess whether natural coastal development of mangrove-
dominated coastlines is different from that of others; and (2)
to identify factors responsible for the expansion or recession
of mangrove-dominated coastlines. In addition, we address
a methodology issue and verify whether remote sensing and
in situ tree-age size distributions (Panapitukkul et al., 1998)
provide comparable estimates of coastline progradation.

2. Materials and methods
2.1. Study area

Southern Thailand is approximately situated between 6° to
11° Northern latitude and 98° to 103° Western longitude. Its
coastlines faces two different seas: the eastern is exposed to
the Gulf of Thailand and the western to the Andaman Sea.
The Gulf of Thailand, an inlet of the South China Sea, has
a coastline along the southern region stretching for approxi-
mately 930 km. Many rivers discharge water and sediment
into the gulf. The Andaman Sea, which connected to the
Indian Ocean, has a 937 km long coastline.

The geomorphology of the gulf coast is characterized by
a long and wide mainland beach of sand and dunes, with
lagoons, bays and spits. Pocket beaches, extensive and well-
preserved tidal flats, cliff coasts and numerous islands dominate
the Andaman coast. Extensive mangroves along the Andaman
coast accounted for approximately 80% of total mangrove area
(1675 km?) of the country in 1998 (Royal Forest Department,
2004). On the gulf coast, the remaining mangroves are present
at sheltered coastlines (Fig. 1). Tidal range on the east coast
varies slightly between 0.3 and 1.1 m, with two types of
tide: mixed but predominantly diurnal in the upper part and

mixed but predominantly semidiurnal in the lower part. Along
the western coast, the tide is mixed semidiurnal with a rela-
tively high tidal range between 1.1 and 3.6 m (Siripong, 1985).

The area has a tropical climate with two monsoonal winds:
the northeast (NE) during mid October to March and the south-
west (SW) during May to September. The NE wind has a longer
fetch and mainly generates waves along the Gulf coast. Highest
waves along the Andaman coast are generated by the SW mon-
soonal wind. Peaks in wind and wave intensity caused by the
passing cyclones frequently accompany the retreat of the mon-
soon during October to November (Vongvisessomjai et al.,
1996). The annual rainfall of the Southern region is higher
than in other parts of Thailand and highest precipitation occurs
on the Andaman coast (2100—4000 mm y~') whilst it ranges
between 1600 and 2400 mm y ' on the Gulf coast.

There are six coastal provinces along the east coast and an-
other six along the west coast. In this study, we selected four
provinces with extensive mangrove areas as the sites for our
detailed surveys of mangrove progression: Ranong and Satun
on the Andaman coast and Nakhon Si Thammarat (i.e. Pak
Phanang Bay) and Pattani on the Gulf coast (Fig. 1). Different
mangrove taxa prevail in these four sites (Table 1).

2.2. Remote sensing method

To distinguish changes in mangrove forest expansion and
cover longer-time development, we use a 30-year time period
for assessment. Therefore, black and white aerial photographs
and Landsat-TM satellite data of the four study sites were
used. The aerial photographs of 6 and 7 September 1966 (reso-
lution of 1:50,000, analog format, dimension: 23 cm x 23 cm)
were available for Satun and Nakhon Si Thammarat, respec-
tively, while black and white aerial photographs of 23 March
1967 were obtained for Ranong and 1 April 1967 for Pattani.
Available cloud free Landsat-TM imagery (pixel size of
25 m, band 1-—7, digital format) of Satun and Pak Phanang
areas were acquired on 7 March 1997 and 1 October 1997,
while those of Pattani and Ranong were acquired on 20 April
1998 and 24 August 1998, respectively. In addition, a topo-
graphic map of each area, with resolution of 1:50,000 in analog
format produced by the Royal Thai Survey Department in 1973,
was used as reference material.

Table 1

Abundance of main mangrove species present along the mangrove forest edges
in the selected sites (based on field observations and Plathong and Sitthirach,
1998). a, abundant; f, frequent; o, occasionally; n, not present

Species Sites
Nakhon Si Pattani Ranong Satun
Thammarat
Avicennia alba a a f f
Avicennia officinalis f o o o
Avicennia marina f a n n
Rhizophora apiculata a a a a
Rhizophora mucronata f f o f
Sonneratia alba o o f f
Sonneratia caseolaris a o o o
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Fig. 1. Map of Southern Thailand showing mangrove areas and four selected study sites, and geographic names use in the text.

All analog data were transformed into digital data using
scanners. Data preparation and image processing were carried
out using the ERDAS Imagine software version 8.5. The aerial
photo image of each study area was geo-referenced with the to-
pographic map considering the UTM-Everest co-ordinates sys-
tem and thus registered with the satellite image. In addition, it is
necessary for aerial photographs to be joined together under
mosaic operation to cover the area of study while satellite im-
ages were subset. Since this study emphasizes mangrove forest
edges, areas in the vicinity of the shoreline have been examined.

The visible bands of satellite data (RGB 3,2,1: true color
composite) were used for a first reconnaissance. Due to a rela-
tively low image quality, image enhancement technique was
employed to the aerial photograph of Ranong. Thereafter,
both aerial photographs and satellite images were classified
using unsupervised classification with 10 classes. Subse-
quently, the subclasses were merged and recoded to three clas-
ses: water, mangroves and mud. Finally, the classified aerial
photo image and satellite image were added (Panapitukkul
et al., 1998) by operation utility.

Mangrove expansion is interpreted from the resulting pic-
tures as differences in mangrove forest edge and area between
the two successive dates. Between 40 and 80 perpendicular
lines were drawn between the two edges and progression
was measured from these lines as distances between 1966
and 1997 for Satun and Nakhon Si Thammarat and from
1967 to 1998 for Pattani and Ranong.

2.3. Ground truthing

The reconnaissance surveys of the study areas have been
made within the Coastal Ecosystems Response to Deforesta-
tion-derived Siltation in Southeast Asia (CERDS) Project dur-
ing 1996—1997 (Panapitukkul et al., 1998; Kamp-Nielsen
etal., 2002). The results of image classification from the remote
sensing (RS) methodology were verified based on these surveys
as well as from later in situ fieldwork by the first author. The in
situ studies were carried out at all sites (Pattani in September
1999, Ranong and Satun in August 2000, and Nakhon Si Tham-
marat in September 2000) in order to quantify mangrove



expansion rates and validate the progression rates obtained from
the remote sensing technique. Temporal line transects were set
up in the areas where mangrove progression was apparent ac-
cording to the remote sensing results. A Global Positioning Sys-
tem (GPS) was used to locate the transects.

Transect lines started from the edge of the present closed
forest characterized with mature trees perpendicular to the wa-
terway or to the furthermost individual. Then 10 x 10-m plots
were set up evenly along each transect to examine the age of
mangrove trees. Number of line transects and number of plots
varied among the four sites depending on their mangrove char-
acteristics and accessibility. In Pak Phanang Bay, Nakhon Si
Thammarat, three line transects were set up in bay features
and another four in cape features with 8§—10 plots on
each transect. For the other study sites, mangrove progression
areas are small, therefore, five transects with 5—10 plots each
were located for Ranong and Pattani Bay and eight transects
with the same number of plots were located for Satun area.

In each plot, we measured height and circumference at breast
height (1.3 m from substrate) of the three largest specimens.
Subsequently, data on girth at breast height were converted to
diameter at breast height (DBH) using circumference =
m x DBH, where m = 3.14. For young trees with height less
than 2 m, we also counted the number of internodes present
along the main stem as in Panapitukkul et al. (1998). Age of
the oldest tree was estimated using fitted allometric height-
age or DBH-age curves (Thampanya and Vermaat, in prepara-
tion). For young trees, age was calculated from the ratio of total
number of internodes and the average annual number of inter-
nodes produced for each species i.e. 16.0 & 0.8 internodes for
Avicennia, 25.0 &= 1.2 for Sonneratia caseolaris and 8.3 £+ 0.4
for Rhizophora apiculata (Duarte et al., 1999).

The maximum age of the oldest individual along the tran-
sect represents an estimated time since that tree colonized
the plot (Panapitukkul et al., 1998) and also of the time that
the mudflat emerged sufficiently high above the low water
line to be colonized. Hence, the progression rate of mangrove
colonization was estimated from the fitted regression equation
derived from the increase distance from the present forest edge
in time, as follows:

Distance from forest edge (m) = A+ B

x Maximum age (days)

where: A = intercept of the regression equation; B = slope or
progression rate (m day ).

2.4. Compilation of datasets

To obtain an overview of coastal change patterns in Southern
Thailand and assess underlying factors, datasets on natural
coastal development of this region and possible causal factors
were compiled. The results of coastal surveys by the Geological
Survey Division, Department of Mineral Resources, Thailand
(Sinsakul et al., 1999, 2002), were taken into consideration.
These surveys aimed to assess the current status of the coastal
geo-environment, coastal problems and their causes. The

Andaman Sea coast was surveyed in the year 1997. For the
Gulf of Thailand, the survey was carried out during 1998—2000.

We synthesized relevant quantitative data from these sur-
veys into a dataset of coastal development for all coastal prov-
inces of Southern Thailand. This set contains data on coastal
change during 1967—1998 in terms of erosion and accretion
for coastal segments of 0.5—30 km long (n = 142), magnitude
(rate in m y '), cause of change, coastal type and, presence and
condition of mangroves in the areas. We used six categories of
coastal type: rocky, rocky sand, sandy, sandy mud, muddy, and
river/canal mouth. Similarly, four categories were assigned to
the presence and condition of mangroves: dense or intact, scat-
tered or degraded former mangrove area and not present.

Comprehensive long-term baseline oceanographic data
such as wave, wind and current of this region are limited.
This study, therefore, attempted to compile quantitative data
of other direct or indirect possible causal factors for coastal
change from various sources. Some important possible factors
were also calculated to accomplish the dataset. This set con-
sists of southern Thai data on a province basis including pre-
cipitation, hydrological, land use and important coastal data
such as coastal length and fetch.

2.5. Data analysis

The data on mangrove expansion and coastal change were
subsequently analyzed using standard statistical software
(SPSS and Microsoft Excel). Analysis of variance was applied
to examine the difference of mangrove progression rate result-
ing from the RS method and ground truthing as well as to ex-
amine the effect of coastal factors such as locality, coastal type
and mangrove presence, on rate of coastal change.

Possible factors responsible for coastal change were as-
sessed using stepwise multiple regressions. We examined
these for net coastal change, coastal erosion and accretion sub-
sequently. In addition, mangrove area loss was also examined
for its causal factors. Since no mangroves have been reported
for Narathiwat province, this province was not selected in the
data analysis concerning mangrove aspects.

3. Results
3.1. Mangrove progression in selected sites

Remote sensing imagery suggested that mangrove progres-
sion differed strongly between eastern and western sites: in the
east, mangrove progress in the selected river mouths has been
in the order of 140—1200 m over the period of about 31 years,
or approximately 5—38 my . In the west, however, equally
large mangrove forests increased only little in the seaward di-
rection: 10—90 m over 31 years or less than 3my '. Mean
annual progression rate was significantly higher in Pak Pha-
nang Bay, Nakhon Si Thammarat than in the other three sites
(Fig. 2).

Progress measured from remote sensing imagery and
ground truth transects were compared. No significant differ-
ence was found in overall progression rate estimates by the
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Fig. 2. Mangrove progression rates obtaining from the two methods: RS (re-
mote sensing) and transect (ground truthing), and the Tukey comparison of
the four study sites.

two methods (p = 0.125), but the method and site interaction
was significant (p = 0.038). This can probably be explained
by the fact that the difference between the two methods was
relatively large at one site, Ranong, where the in situ transects
still suggest some progress (3 &= 1 m y ') but the remote sens-
ing method showed little progress (0.3 £+ 0.03 my ™', Fig. 2).
In the other sites both methods yielded rather comparable es-
timates of mangrove progression.

3.2. Erosion and accretion along southern Thai
coastlines

It was found that all coastal provinces of Southern Thai-

land, in the east as well as the west, have been experiencing
coastline change. Retreats of marginal shoreline occurred

Table 2

irregularly. Erosion was more prevalent on the Gulf coast
than the Andaman coast. For instance, large lengths of the
eastern coastline were found to be subject to erosion, particu-
larly in Nakhon Si Thammarat and Narathiwat, whilst on the
western coast this is less pronounced. On the other hand, tidal
flats and sand bars in the East have also been prograding con-
tinuously with substantial rates in sheltered areas such as Pak
Phanang Bay and Pattani Bay. In general, however, coastal
areas of Southern Thailand are diminishing. Area losses
amount from approximately 0.01 to 0.32 km?® y ' per province
(Table 2).

Different provinces along southern Thai coastlines dis-
played great contrasts in terms of percent coastline change
(Table 2). Overall, eroded distances for the east and the west
coasts accounted for 29% and 11% of their total length, re-
spectively. Narathiwat, the southernmost province, exhibited
the highest proportion of eroding coastline (82% of its
50 km) followed by 59% for Nakhon Si Thammarat, while
a maximum of only 19% was found on the west coast (Ranong
and Trang). Percent accretion had a similar pattern, ranging
from 2% to 9% for the west and from 3% to 21% for the
east coast.

Although the west and east coasts they appear to show dif-
ferent patterns in percentage of coastal change among prov-
inces, in an overall analysis of variance considering rate of
change (both erosion and progradation) among segments, we
found no significant difference between the two coasts as
well as among the six different types of coastline distinguished
(Table 3), probably due to the large variability observed. In
contrast, the degree of mangrove presence did matter since it
was highly significant explaining about 11% of the variance
(p < 0.001, Table 3). Additionally, the interaction between de-
gree of mangrove presence with coast and with coastal type
showed significant differences (p < 0.005 and p < 0.003,

Coastal change in the coastal provinces of Southern Thailand, area of mangroves, number of coastal segments” with changed area (N), length of changed coastline
(L, km), mean rate (SE) of change (R, my ') and estimated net change over the period of 1967—1998

Province Length of Mangrove area Erosion Accretion Estimated net
coastline in 2900 N L R N L R chal;geﬁ]
(km) (km”) (km”y™)
East coast
Chumphon 185 79 11 16 1.6 (0.1) 8 10 1.6 (0.2) —0.01
Surat Thani 135 35 8 24 3.5(1.8) 9 11 1.6 (0.2) —0.14
Nakhon Si Thammarat 190 99 9 112 4.0 (0.9) 4 21 8.9 (7.0) —0.32
Songkhla 150 47 11 41 23 (0.4) 4 32 2.5(0.3) —0.02
Pattani 170 35 8 24 6.7 (1.7) 3 6 2.8 (0.7) —0.12
Narathiwat 50 0 6 41 5.0 (1.6) 1 2 4.0 (0.0) —0.29
Total 880 296 53 258 3.6 (0.5)° 29 82 2.9 (1.0)° —0.13°
West coast
Ranong 135 253 7 25 2.6 (0.6) 1 4 2.0 (0.0) —0.06
Phang Nga 216 454 9 28 1.8 (0.2) 5 10 1.5 (0.3) —0.04
Phuket 185 22 2 5 5.8 (4.3) 0 - - —-0.03
Krabi 160 349 9 17 2.7 (0.6) 5 6 1.6 (0.4) —0.03
Trang 119 335 7 23 2.2 (0.5) 5 11 1.0 (0.0) —-0.05
Satun 168 353 9 15 3.0 (0.8) 1 2.5 (0.0) —0.03
Total 983 1766 43 113 2.6 (0.3)° 17 35 1.5 (0.2)° —0.04°

? Segment is a portion of coastline in a province which was observed to be eroded or accreted.

b Average rate



Table 3

Analysis of variance examining the effects of coastal side (eastern, western),
coastal type and presence of mangroves on rate of coastal change (both neg-
ative erosion and positive accretion) in 142 coastal segments. Presented are
the degree of freedom (df), SS, percentage of variance explained (factor
SS/total SS x 100), and level of significance (p)

Factors df SS % variance  p
Coast (west vs. east) 1 2 <1 0.709
Coastal types” 5 49 2 0.625
Degree of mangrove presence 3 327 11 0.001
Coast x Coastal type 3 98 3 0.078
Mangrove presence x Coast 3 191 7 0.005
Mangrove presence x Coastal type 5 270 9 0.003
Residual 121 1690 59

Total 142 2868

# Coastal types distinguished; see Fig. 3.

respectively, Table 3). This suggests that coastlines with man-
groves behave differently on the Andaman and on the Gulf
coasts, as well as on different coastal types.

Remarkably, in the overall ANOVA we found no significant
difference in rate of coastal change among the six coastal
types despite the apparent pattern in the means (Fig. 3a). We
must conclude that variability within these types is substantial
along southern Thai coastlines. Probably, sandy and sandy-
mud coasts are more fragile than the others whilst mudflats
experienced less erosion (less than 1 my~'). This is also in
accordance with the presence of mangroves (Fig. 3d), which
usually dominate mudflat shorelines and river mouths. Here

Change by coastal type

too significant interactions between mangrove presence and
coast (east-west) as well as mangrove presence and coast
type (Table 3) suggest the importance of mangrove presence:
only where mangroves are present, accretion is positive
(Fig. 3c) and accretion occurs only where dense mangroves
occur along the east coast (Fig. 3f). In addition, the erosion
rate was found to be higher in coastal segments without man-
groves than those with mangroves (Fig. 4): indeed several seg-
ments without mangroves witnessed quite high erosion
(>10m y_l).

3.3. Possible factors responsible for coastal changes

Generally, there are many inter-related causes of coastal
change, which can be long-term and short-term, natural and
man-induced. In this study, we collected relevant data on pos-
sible factors responsible for coastal changes from several sour-
ces as summarized in Table 4 where we used province as unit
of comparison. Available long-term data were averaged to get
representative values. Data on rainfall were available for the
period of 1971—2000 and sediment yield for 1979—2000.
The examined coastal change data covered the period between
1967 and 1998.

In stepwise multiple regressions assessing possible causes
of coastal change, we have tested a number of models. Two
initial models were selected for examining causal factors of
net coastal area loss: model (a) examined variables 1—14
and model (b) examined variables 1—16 (Table 5). Stepwise

Change by mangrove presence

(a) rocky (d) dense
rocky-sand
sandy few
sandy-mud former
mudflat
all segments river mouth all segments none
(b) rocky (e) dense
sandy fow
sandy-mud
former
no mangroves mudfiat
present river mouth west coast none
(c) rocky-sand (f)
dense
sandy
few
sandy-mud
former
mangroves mudflat
present river mouth east coast none
-12 -8 -4 0 4 8 12 -12 -8 -4 0 4 8 12

rate (mly)

rate (mly)

Fig. 3. Magnitude of coastal change categorized by coastal type of: (a) all segments, (b) segments with no mangrove presence, (c) segments with mangrove pres-
ence; and degree of mangrove presence of: (d) all segments, (e) segments of the west coast, and (f) segments of the east coast.
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regression then iteratively selected the best (in terms of ex-
plained variance) combination of independent variables. Apart
from the two obvious factors that add up to net change, i.e.
erosion and accretion, the models suggest that fetch, catch-
ment area, coastal length and the presence of dams affected
net coastal change significantly. For example, an increase of
100 km fetch enhanced net area loss in the order of 4580 m?
(or approximately 0.05 ha), the presence of dams across inflow
rivers caused considerable net area loss of about 91,510 m? (or
0.92 ha) and loss increased by 10 m? for 1 km? increase in
catchment area (Fig. 5).

Models (c), (d) and (e) determined correlations of eroded
area. In model (c), variables 1—11 were included and model
(d) examined the same set of variables with the addition of
shrimp farms. These two models show that mangrove loss,
mangrove area in 1996, fetch and shrimp farm area were fac-
tors correlating with coastal erosion. One km” of mangrove
area loss contributed to 830 m* of eroded area and 1km?

increment in shrimp farm area increased the eroded area in
the order of 2170 m? (or 0.02 ha). On the contrary, 1 km? of
mangrove area in 1996 reduced the eroded area by 430 m”.
In model (e), the same set of variables was examined but in-
cluded data of Narathiwat. Here it was found that on top of
the mangrove area loss and fetch factors, the presence of
dams was significant (a slope of 114 x 1000 mz, Table 5).

Similarly, shrimp farm area and fetch were significant
positive factors of coastal accretion determining in model
(f) that examined variables 1 to 12. Here, exposed provinces
with more shrimp farming were probably subject to both
more erosion (model (d)) and accretion (model (f)). This
model also indicates that accreted area may be reduced by
10 m*> with 1km? increment of catchment size, or larger
catchments witnessed less accretion. In addition, when the
eroded area variable was included in model (g), it was found
that the presence of dams and amount of rainfall had nega-
tive correlation to accreted area (Table 5). Model (h) exam-
ined the same set of variables with the inclusion of
Narathiwat data. This model reveals that apart from the
eroded area and the presence of dams, coastal length was an-
other causal factor. An increase of 1 km coastal length led to
470 m? of accreted area (Table 5).

Factors responsible for mangrove area loss were assessed
in models (i) and (j). In model (i), variables 1—8 and 11—13
were examined. The model suggests that besides the man-
grove area in 1961, shrimp farm area and eroded led to man-
grove area loss during 1961 to 1996. The shrimp farms was
the most severe factor; increases in 1 km? of shrimp farm
area caused 1.44 km® of mangrove area loss, whilst 1000 m?
of eroded area related to mangrove area loss of about
0.25 km? (Table 5). The presence of dams was explicit as
one of a possible causal factor of mangrove area loss in
model (j) when shrimp farm area and eroded area were ex-
cluded from the examined variables. This model suggests
that the presence of dams intensified mangrove area loss (Ta-
ble 5, see also Fig. 5).

Table 4

Ranges across provinces in quantified possible causal factors of southern Thai coastal change used in multiple regression analysis

Variable no./name Median Min Max Sources

1. Coastal length (km) 164 50 216 Sinsakul et al., 1999, 2002

2. Catchment area (km?) 2838 159 8969 Royal Irrigation Department, 2004

3. Rainfall (mm y~") 2197 1816 4021 Meteorological Department, 2004

4. Sediment yield (ton km~?) 160 85 339 Royal Irrigation Department, 2004

5. Presence of dams in major rivers’ draining a province (yes/no) — — — Royal Irrigation Department, 2004

6. Coastal water suspended solids in 2003 (mg1~") 17 7 46 Pollution Control Department, 2003

7. River plume (km?) 102 24 477 Estimated from 2000 and 2001 Landsat Satellite images
8. Mangrove area in 1961 (km?) 281 13 612 Royal Forest Department, 2004

9. Mangrove area in 1996 (km?) 58 6 304 Royal Forest Department, 2004

10. Mangrove area loss (km?) 131 7 528 Royal Forest Department, 2004

11. Fetch (x 100 km) 6 4 19 Calculated from world atlas map

12. Shrimp farm area in 1996 (km?) 11 2 105 Charuppat and Charuppat, 1997

13. Eroded area (x 1000 mZ) 64 26 560 Sinsakul et al., 1999, 2002

14. Accreted area (x 1000 m?) 12 0.0 240 Sinsakul et al., 1999, 2002

15. Eroded distance (x 1000 m?) 24 5 112 Sinsakul et al., 1999, 2002

16. Accreted distance (x 1000 mz) 8 0 32 Sinsakul et al., 1999, 2002

17. Net area loss (ha) for the period of 1967—1998 36 0.3 290 Calculated from Sinsakul et al., 1999, 2002




Table 5

Stepwise multiple regressions relating coastal changes to possible causal factors across southern Thai provinces. Different runs (a—j) involved the correlate com-
bination of net loss, eroded area, accreted area and mangrove loss with different sets of independent variables. All models were highly significant. Presented are
dependent variables, selected variables, slope and significant level of each selected variable, model intercept, coefficient of determination (rz) and excluded vari-
ables. Examined variable codes: 1, coastal length; 2, catchment area; 3, rainfall; 4, sediment yield; 5, presence of dams; 6, suspended solid; 7, river plume; 8,
mangrove area 1961; 9, mangrove area 1996; 10, mangrove area loss; 11, fetch; 12, shrimp farm area; 13, eroded area; 14, accreted area; 15, eroded distance;
16, accreted distance. Narathiwat province was not included in runs (c), (d), (f) and (g). In runs (i) and (j), presence of dams and shrimp farms could not be included
together as that led to over parameterization

Model no./dependent variable

Selected variables

Excluded variable

Variable Slope (SE) p Intercept (SE) Overall 12
Determination of net coastal area loss
(a) Net area loss Accreted area (14) —1.96 (0.13) 0.00 —17.75 (9.36) 0.98 1,3,4,5,6,7,8,9,10,12
Eroded area (13) 0.67 (0.06) 0.00
Fetch (11) 4.58 (1.01) 0.00
Catchment area (2) 0.01 (0.002) 0.03
(b) Net area loss Coastal length (1) —0.58 (0.22) 0.03 103.58 (45.31) 0.95 2,3,4,6,7,8,9,10,11,12,13,16
Dam (5) 91.51 (17.41) 0.00
Accreted area (14) —1.58 (0.43) 0.01
Eroded distance (15) 2.68 (1.05) 0.04
Determination of coastal erosion
(c) Eroded area Mangrove loss (10) 0.83 (0.09) 0.01 —39.08 (32.37) 0.95 1,2,3,4,5,6,7,8
Fetch (11) 9.06 (2.51) 0.01
Mangrove 96 (9) —0.43 (0.13) 0.01
(d) Eroded area Shrimp farm (12) 2.17 (0.65) 0.01 —90.67 (25.12) 0.95 1,2,3,4,5,6,7,8,9
Fetch (11) 11.56 (2.21) 0.00
Mangrove loss (10) 0.33 (0.13) 0.04
(e) Eroded area Dam (5) 113.66 (48.91) 0.04 —89.72 (38.89) 0.88 1,2,3,4,6,7,8,9,12
Mangrove loss (10) 0.48 (0.13) 0.01
Fetch (11) 12.07 (3.74) 0.01
Determination of coastal accretion
(f) Accreted area Shrimp farm (12) 1.84 (0.15) 0.00 —21.64 (7.78) 0.98 1,3,4,5,6,7,8,9,10
Fetch (11) 5.48 (0.67) 0.00
Catchment area (2) —0.01 (0.002) 0.00
(g) Accreted area Eroded area (13) 0.37 (0.02) 0.00 —15.02 (5.43) 0.99 1,2,4,6,7,8,9,10
Dam (5) —64.83 (3.21) 0.00
Fetch (11) 3.43 (0.31) 0.03
Shrimp farm (12) 0.57 (0.09) 0.00
Rainfall (3) —0.01 (0.002) 0.01
(h) Accreted area Eroded area (13) 0.51 (0.07) 0.00 —86.68 (29.70) 0.91 2,3,4,6,7,8,9,10,11,12
Coastal length (1) 0.47 (0.18) 0.03
Dam (5) —54.79 (22.71) 0.04
Determination of mangrove area loss
(i) Mangrove loss Mangrove 61 (8) 0.43 (0.04) 0.00 —28.50 (12.58) 0.98 1,2,3,4,5,6,7,11
Shrimp farm (12) 1.44 (0.47) 0.02
Eroded area (13) 0.25 (0.10) 0.04
(j) Mangrove loss Mangrove 61 (8) 0.56 (0.08) 0.00 —38.73 (30.15) 0.89 1,2,3,4,6,7,11
Dam (5) 131.71 (37.31) 0.01
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Fig. 5. (a) Net area loss versus size of catchment with and without the presence of dams; (b) total eroded area versus mangrove area loss with and without the

presence of dams.



4. Discussion

Generally, mangrove progress estimated in the remotely
sensed data and in ground truth transects was quite similar.
Only one site (Ranong), where the steep geomorphology pre-
vented the formation of extensive mudflats, showed a signifi-
cant difference between these two methods. Mangrove
expansion rates were in the order of 2—4 my~', with the ex-
ception of the more rapidly expanding forest in an infilling
sheltered bay of Pak Phanang (25—40 m y ' or approximately
0.35km? y"). This progress rate is, however, considerably
less than that reported for the Segara Anakan area in Indonesia
(2 km? y~!, Purba, 1991). The significant difference in prog-
ress rate between the two methods at Ranong is probably
caused by progress being less than the resolution of the Land-
sat satellite imagery (pixel size of 25 m x 25 m) since the ma-
jority of measured distances were within 1—2 pixels. Here, the
remote sensing method encountered an obvious technical lim-
itation compared to in situ transects. A similar limitation was
found by Maged et al. (1998).

On the larger spatial scale of coastal segments (0.5—30 km)
grouped within 12 coastal provinces, we found overall net
coastal erosion. This erosion was significantly higher along
the eastern coast than in the west. Presence of mangroves
was associated with the remaining areas of positive accretion.
Notably, river mouths with mangroves and dense mangrove
sites of the east coast were these areas of positive coastal ac-
cretion. Elsewhere, irrespective of coastal type, erosion predo-
minated. Erosion rate varied locally between 1.6 and
6.7my ' whilst accretion ranged from 1.0 to 89my .
Along the east coast, total eroded area amounted to
091 km?y ™' and an average per province was 0.13my ',
whilst corresponding estimates in the west were 0.25 and
0.04 my ', respectively. The overall erosion rate on the east
coast is 3.6 m y~', which is comparable to that of Kuala Ter-
enganu on eastern peninsular Malaysia (0.2—4.0my ',
Maged et al., 1999). The net area loss found here was higher
than that reported for the Bay of Bengal (0.65 km?y ', Ghosh
et al., 2001) but slightly less than that of the Camau Peninsula
in Vietnam (1.1 km? yfl, Saito, 2001). Hence, comparable net
erosion rates have been observed elsewhere in Asian coastal
areas, suggesting that such erosion is widespread.

Our multivariate analysis examining possible factors under-
lying observed coastal changes was limited by a lack of long-
term oceanographic data and the spatial resolution of available
quantitative data (province as a basis). Nonetheless, we were
able to quantify aspects of terrestrial hydrology, coastal mor-
phology, coastal land use, and mangrove dynamics. It was
found that net coastal area loss, i.e. accretion minus erosion,
was governed by fetch, coastal length, catchment area and
the presence of dams. Coasts with longer fetch are more
strongly attacked by waves during monsoonal periods and
thus are probably more vulnerable to loose coastal land. A
larger catchment area probably also increased exposure to
the monsoons. More importantly, the presence of dams in
the river appeared to aggravate this pattern (Fig. 5a), probably
because it reduced fluvial sediment supply to the littoral zone

(Milliman, 2001; Lacerda and Marins, 2002; Bonora et al.,
2002; Batalla, 2003; Bird et al., 2004). Gross erosion was cor-
related not only to fetch, but also to the increase of shrimp
farm area and associated loss in mangrove area. Likewise,
this pattern was found to be enhanced by the presence of
dams (Fig. 5b). Unexpectedly, positive accretion also occurred
in areas with more shrimp farms and higher fetch to the mon-
soons. This is probably related to the coincidence of concen-
trated shrimp farm developments on the wide gradual slope
of the eastern coastal plains that have sandbar-dominated
coastlines. Discontinued occurrence of erosion and accretion
coupled with sand movement may also account for this pat-
tern. The eroded sediment is transported from higher energy
segments by littoral drift to lower energy segments and accu-
mulates there. The eastern coast therefore clearly features as
more dynamic than the western coast: substantial proportions
of the coast are subject to both erosion and accretion.

This study revealed that southern Thai coastlines with and
without mangroves behave differently. Mangrove-dominated
coastal segments exhibited less erosion while non-vegetated
segments or former mangrove areas incurred substantial ero-
sion. The dense structure of mangrove root systems possibly
helps consolidate the coastal soil, hence the shoreline is
more resistant to erosion (Mazda et al., 1997). Furthermore,
mangrove roots reduce flow and promote flocculation and sed-
imentation upon the soil surface, eventually allowing positive
accretion (Furukawa and Wolanski, 1996; Smoak and Patch-
neelam, 1999), particularly at river mouths or bays on the east-
ern coast. On the contrary, exposed and unconsolidated soils of
non-vegetated and former mangrove land are more prone to
erode. Our multivariate dataset provided correlative patterns
supporting the significance of mangroves (e.g. Fig. 3). Clearly,
reduced sediment delivery to the coast has reduced the amount
of mangrove habitat. These data also support the quantitative
contention made elsewhere (Mazda et al., 1997) that man-
groves reduce erosion (Figs. 3b,c and 4).

Our study suggests that apart from natural phenomena such
as exposure to wave attack during the monsoons, anthropo-
genic activities have had severe impacts on changes of south-
ern Thai coastlines, particularly in relation to conversion of
mangrove area to shrimp ponds and the damming of major
rivers. Therefore, the existence of mangroves and a continued
riverine sediment flux are crucial to maintain coastal stability
in the region. Indeed, presently due to extensive coastal devel-
opment and inland damming, erosion prevails at rates around
1.3 my~ . This situation is likely to intensify due to global cli-
mate change in the next decades. Therefore, its consequences
and possible remedial measures should urgently be taken into
account in coastal management schemes. Consideration of
range possible management strategies for specific coastal seg-
ments would require a careful balancing of local coastline and
sediment dynamics. A possible, inexpensive and natural-
friendly strategy is mangrove plantation. Although mangroves
may not prevent coastal erosion ultimately, the existence of
a 300—500 m belt of mangroves may help reducing erosion
rate (Winterwerp et al., 2005). Another possible strategy to
sustain the coastal zone area is to enhance the total area



covered by mangroves. The easiest and least expensive way to
achieve this goal is to assist natural mangrove colonization in
sheltered coastal segments by providing or enhancing seedling
fluxes to the area, protecting seedlings from herbivory and in-
creasing propagule retention time with artificial shelters. Intro-
duction and maintenance of mangrove plantations in
vulnerable areas is probably beneficial for long-term coastal
protection to gradual, continuous erosion or also more severe
events such as a tsunami. More importantly, governments
should issue and enforce legislation to control aquaculture in-
dustry in the coastal zone. For instance, the cultivation ponds
must be located at the certain minimum distance from the
coastline or located at least behind 300—500 mangrove or
beach forests and some mitigation measures for coastal ero-
sion must be prepared. Such legislation would profitably be
accompanied by monitoring and should be enforced by autho-
rized government agencies.
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DO No. 11012/42/2013-NE-IV New Delhi, dated 15" July, 2013
Sub:- India-Bangladesh Maritime Delimitation Arbitration

This is to certify that SOI-IB-003/E-W Bengal East-West Bengal Original Map
on Scale 1”=8 Miles signed by Sir Cyril Radcliffe was in the safe custody of the ORR
of the Ministry of Home Affairs up till 12" May, 2010.

The map was handed over to National Archives of India on 13" May, 2010
vide MHA letter No. F. 1/2/2010 ORR dated 128 May, 2010.

Yours sincerely,

Ajay Kanoujia
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Ministry of External Affairs,
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In this regard it is being certified that original map no. SOI-IB-003/E-W Bengal on scale 1”= 8 miles, signed by Sir
Cyril Radcliffe, was in the custody of the following sections of the National Archives of India since its transfer
and receipt from the ORR of the Ministry of Home Affairs on 13 May 2010:
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PERMANENT MISSION OF INDIA TO THE UNITED NATIONS
235 EAST 43RD STREET « NEW YORK, N.Y, 10017
TEL:(212) 490-9660 « FAX: (212) 490-9656
EMAIL: india@un.int « indiaun@prodigy.net

PM/NY/443/1/2013 16 July 2013

The Permanent Mission of India to the United Nations presents its
compliments to the Secretary General of the United Nations and has the honor
to refer to the Submission made by the Republic of India on 11 May 2009,
pursuant to Article 76, paragraph 8 of the United Nations Convention on the
Law of the Sea (1982), to the Commission on the Limits of the Continental
Shelf (“Commission”) containing information on the limits of the continental
shelf beyond 200 nautical miles from the baselines from which the breadth of
the territorial sea is measured.

It may be noted that although India has already entered into a series of
maritime boundary agreements with most of its neighbours, there are still
certain outstanding maritime delimitations.  Pending any agreement on the
outstanding delimitation between India and a State whose coast is adjacent or
opposite to that of India, India, in its partial Submission has restricted the outer
limits of its continental shelf beyond 200 M to a median line, every point of
which is equidistant from the nearest point from which the breadth of the
territorial waters of India and of such State is measured.

In the above context, India would also like draw the attention of the
Commission to the recent ITLOS judgment on Bangladesh vs. Myanmar,
wherein the Tribunal has concluded that the appropriate method to be applied
for delimiting the exclusive economic zone and the continental shelf between
Bangladesh and Myanmar is the equidistance/relevant circumstances method.
Considering the concavity of the Bangladesh coast to be a relevant circumstance
for the purpose of delimiting the exclusive economic zone and the continental
shelf within 200 nm, the Tribunal, in its judgment also finds that this relevant
circumstance has a continuing effect beyond 200 M. The Tribunal therefore has
decided that the adjusted equidistance line delimiting both the exclusive
economic zone and the continental shelf within 200 M between the Parties
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continues in the same direction beyond the 200 nm limit of Bangladesh until it i
reaches the arca where the rights of third States may be atfected.

Pursuant to the above decision and in the light of the ongoing Arbitration
between India and Bangladesh under Annex VII of UNCLOS, the outer limits
of the continental shelf of India beyond 200 M in the Bay of Bengal as provided
by India in its Submission to the CLCS may have to be modified. Accordingly
India would be making an amended Submission to the partial submission of 11
May 2009, following the collection and examination of additional datascts
available in the region, so as to be fully consistent with the ITLOS judgment.

The Permanent Mission of India to the United Nations avails itself of this
opportunity to renew to the Secretary General of the United Nations the
assurances of its highest consideration.

The Secretary General of the United Nations
New York

(Attn: Division for Ocean Affairs

And the Law of the Sea)

Fax: 212 963 5847
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