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INTRODUCTION

The International Law Commission, in paragraph 7 of
its commentary to article 7 (Bays)1 stated that it
"felt bound to propose only rules applicable to bays
the coasts of which belong to a single State ". The Com-
mission continued that, as to other bays, it "does not

have sufficient data at its disposal concerning
frequency of such cases or the regulations at pre

* This paper was prepared at the request of the Sec
of the United Nations but should not be considered as a
ment of the views of the Secretariat.

i Official Records of the General Assembly,
Session, Supplement No. 9 (A/3159), p. 16.

198
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nplicable to them". A similar difficulty was expe-
d in drafting article 13 (Delimitation of the

tence
territorial sea at the mouth of a river) and, as the com-
ment on paragraph 2 of that article makes clear, the rule
contained in article 13 is, due to a similar lack of the
necessary 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 sufficient
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-
nations of the land boundaries or those through the sea,
nave been mentioned; these positions, where given,
must, however, be considered as approximate only. No
comments or suggestions have been offered regarding
tne continuation of the land boundaries to the high
seas. These studies should prove useful examples for the
onsideration of wider problems of bays and estuaries
n general if the existence of the state boundaries be

neglected.

I. AFRICA
x- Waterway at 11°N.; 15°W. (approx.) between French

Guinea and Portuguese Guinea (Annex, map No 1)
References : Chart No. 600

Africa Pilot, Volume I, Eleventh Edition, 1953
Th

I5J1(j 5
 a r e^ i n t h e 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 6y2 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 \y2 and 4 % 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. Estuary of the Kunene River (Annex, map No 2)

References : Chart No. 1806
Africa Pilot, Part II, 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-



200 Preparatory documents

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 15y2 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 17*4 miles north-westward to Sallatuk Point
and iy^ 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 hi 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 V-/2 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 iy2 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 Tendo
Lagoon, the northern coast of which is French territory
and the eastern end of the southern coast is the territory
of Ghana. The French boundary crosses the lagoon in
a southerly direction to meet the land boundary which
crosses the low spit, about 1*4 miles wide, separating
the lagoon from the sea, in a southerly direction, to
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 about
7 miles west of Assini, situated \2y2 miles west of
Newtown. Owing to the nature of the bar there, passage
into the lagoon is only possible during the Harmattan
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 an entrance
33 miles wide and a penetration inland of 17 miles. The
coast at the north-east corner of the bay is roughly in
the shape of a semi-circle with a diameter of 12% miles,
the Rio Muni enters through the south-eastern side. The
breadth across the mouth of the river is about a mUe-
Within about 5% miles south-westward of the mouth
are the two Spanish islands of Elobey. Isla de Corisco
lies midway between the entrance points of Corisco Bay-

Depths in the bay are for the most part shallow, with
the exception of the approaches to the two rivers; the
approach to Rio Muni has a least depth of dboQ
4 fathoms and runs in a straight line, passing abou
2y2 miles south of the southernmost point of the coas
at the northern end of the bay; the approach to tn
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jv Mondah passes north and east of Isla de Corisco;
both 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
a mile south-westward, 3% miles south-south-eastward
of Isla de Corisco; Bane, with detached drying banks
up to 1% miles eastward and 2% miles north-eastward,
about 5y2 miles south-east of Isla de Corisco. Other
drying banks are: Bane Acanda, \y2 miles north of the
western entrance point of River Mondah; Recife
Buyumba, about \y2 miles offshore and about
\Q\/2 miles east of Isolote Bane; a bank and reefs
extending 1% miles south of Isla Elobey Chica and
about a mile east of Isla Elobey Grande; and Piedra
Ugoti, about 1̂ 4 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 2% miles southward. The northern
side comprises the entrances to two creeks lying between
Pointe Bulabemba and Pointe Francaise about 2% 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 2y2 miles
to Ponta do Padrao, whence it turns abruptly south-
westwards for \Y/2 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 Francaise is 5% miles, and the breadth south-
ward of Pointe Francaise is 4^4 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
°f rivers 2% 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
half 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 north-westward should
keep at least 5y2 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 Francaise, 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 2% miles west of Pointe Francaise.

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.

H. 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 (i) 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) 4% 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 6% 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 States
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-western
end is Honduras Bay, roughly rectangular in shape, with
an entrance 12% miles across between Cape Three
Points and Orange Point and a penetration of 12 % miles
in a south-westerly direction and about 20 miles in a
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 a
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 iy2 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 01
the Rio Moncagua for about 6 miles and then turns
north-eastward to Omoa Harbour. The distance from we

mouth of the river to the harbour is 15 miles, but the
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
Bay nor in the vicinity of the coast near the mouth
the Rio Moncagua.

Guatemalan ports within Honduras Bay are
Livingstone at the entrance tot the River Dulce, ^
to an extensive lake — vessels drawing more than
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off; Santo Tomas, in a small bight in the south-
TsTcorner of the bay, has a channel dredged to 30 feet
Lading t 0 a w n a r^ '» Puerto Barrios, in the same bight,
has a pier with a berth of 25 feet alongside.

Xhe coastline of Honduras Bay measures very
approximately about 70 miles, out of which about 14
miles are in the territory of British Honduras.

3. Gulf of Fonseca (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,i!9 miles
north-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;
it is 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 3% miles north-east of
Meanguera; Martin Perez, 2 miles north of Concha-
guita, with Isla Punta Sacate three-quarters of a mile
north-westwards and the same distance off shore;
Exposicion, about l]/2 miles north-west of Tigre with
Inglesera, Violin, Coyote and Garova within 2% 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
separated from the mainland by a narrow creek.

The boundary between El Salvador and Honduras
meets the gulf in the entrance to Rio Goascoran, on the
north side of the " finger " in which is Puerto La Union ;
jjie boundary between Honduras and Nicaragua meets
toe sea in the " thumb " in the vicinity of the mouths
or the Negro River and Estero Blanco. Of the islands,
Meanguera, Conchaguita, Martin Perez and Isla Punta
vacate are territory of El Salvador and Sacate Grande,
igre, Exposicion, Inglesera, Violin, Coyote and Garova

are territory of Honduras.

fPJ in the entrance to the gulf are about
nnrtif ' t h e s e i n S e n e r a l graduate to the shores;
ortn-eastwards, northwards and north-westwards of

In J?81?1? d eP t l l s are everywhere less than 6 fathoms.
as n/ fingers" drying banks extend off shore as far
id ui II^ les m Places> with shallow depths a con-

^erable way seaward of the low-water lines. Nearly
of the western side of Bahia San Lorenzo

by an extensive detached drying bank. Anotheris

small drying bank lies south of this bay and 3y2 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 3% 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 limitmg 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 2]/2 miles north-north-westward.
It has a length of 4]/2 miles, and minimum and maximum
widths of 2 and 3 miles. About 1*4 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 hah6 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 Saunas. 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 coasthne 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
Mexican 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
Mexico.

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 meets
the sea after passing through the narrow channel, named
Boca Bacalar, between the north end of Ambergris Cay
and the southern tip of the Mexican coast. A narrow
canal is charted cutting through this southern tip of the
Mexican coast and thus giving access to the Mexican
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 del
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 iy2 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
hah0 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 between
Icacos Point and the eastern extreme of the entrance to
Fort Liberte Bay about 6 miles south-westward, and to
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 Haiti-
The penetration inland is 5 miles. Icacos Point is
situated on the north-west side of a peninsula of which
Monzillo Point is the southern extreme. For this extreme,
the coast turns north-north-eastwards for 2y2 miles ano
thence trends southward for about 5% miles to the
entrance to Estero Balza, a shallow lagoon, the entrance
of which is now closed by mangroves, thence the coa
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flflis abruptly westward. The mouth of the Massacre
River, which forms the boundary between the Dominican
Republic and Haiti, is \y2 miles west of the entrance
to Estero 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 hah5 a
mile from the southern shore, within a mile of Monzillo
point and about 1% 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 inner 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
offshore and Torotu, the innermost, is iy2 miles off-
shore.

Close beyond the bay westwards is the narrow
entrance, about ll/2 miles long, leading to Fort Liberte
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 Liberte.

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
rectangular in shape, with an east-west length of about
/u .mues and a north-south breadth of about 30 miles.
Jt is entered near its north-east corner through the
^agon's Mouth, and near the middle of the southern
side through the Serpent's Mouth. Both these entrances
are described in the study on "Straits which constitute

outes f°r International Traffic" (A/CONF.13/6)2.

soivrtf no r th"eas tern, eastern and approximately hah3 the
utnern shore are formed by the coasts of Trinidad and

remainder by the coast of Venezuela.
e m i d d l e o f t h e G u K a r e hom 16 to 10

k w e s t e r n aQd south-western shores are
less th extensive> shallow coastal banks, depths of
offshoan T f a t^ o m s t>emg found in places up to 10 miles
of tv.Q

reJ , western and south-western sides form part
i n e delta of the Orinoco River.

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 a 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 Ancoe de Sardtmas (Annex, map No 18)

References: Chart No. 2257
South America Pilot, Volume III, Fourth Edition,
1954

Bahia de Ancon 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 long in a south-easterly direction
and three-quarters of a mile wide, with depths of from
2l/z 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 iy2 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 Ecuador 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 Ancon.

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.

Poblacion 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.



206 Preparatory documents

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 12*4 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 direc-
tion for many miles. The entrance to the river proper
lies between Pointe Francaise on the east and Galibi
Point about 2 miles westward. From the latter point the
coast runs north-north-westward for 5% miles to Kaai-
manshoofd, the western natural entrance point of the
estuary, and thence turns westward. From Pointe Fran-
caise, the coast turns abruptly east to form the mouth
of Riviere La Mana which, flowing west-north-west-
wards, is separated from the sea by a narrow neck of
land terminating at Pointe Isere, the eastern natural en-
trance point, about 3 miles east-north-east of Pointe
Francaise. The low-water lines of the coast extend about
\V2 miles and half a mile north of Pointe Isere and
Kaaimanshoofd respectively. The estuary thus has an
entrance about 8V2 miles wide, with a penetration of
about 4i/£ miles.

The estuary is shallow, but the tide rises about 8 feet
at spring tides. It is approached between Tijger Bank on
the west and Bane Franc,ais 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 Vz miles north of that point; the latter, with similar
depths, extends about 6 miles north of Pointe Frangaise,
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 is
French.

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

References : Charts, Nos. 99, 1801
West Indies Pilot, Volume H, Tenth Edition,
1955

The boundary between British Guiana and Surinam
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 position
on the British Guiana coast 4 V& miles westward. The coast
from Bluff Point trends north-eastward for 7 miles, and
then turns eastward; Turtle Bank, which dries, extends
up to 2i/2 miles offshore from this latter bend in "£
coast. The Nickerie River enters the estuary on its s0^|r"
eastern side about 3 miles north-east on Bluff Point. Tn
coast from opposite Bluff Point trends northward tor
about 5 miles, and then gradually trends in a curv
north-north-westward and north-westward. The oue

end of the estuary may be considered as a line join* j»
the north-west corner of Turtle Bank to a position o
the coast of British Guiana 15 miles west-north-wes -
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
north-westerly direction across the approach to the
estuary; at the north-western end it is about 8 V£ miles
off shore. Near the middle of the estuary are two banks,
close 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 81/2 feet. Tidal streams
are strong near the river mouths.

Five drying banks are charted in the estuary; these
lie 13/4 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 ; 5 V2 miles north-west of the
point and nearly IV2 miles off shore; and 4% miles
north-west of the point and 2% miles off shore.

In the winter, heavy seas occur in the estuary 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 21/2 and 24 miles within the Nickerie River.They
can be reached by vessels with a 131/2 -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 III, Fourth Edition,
1954

The boundary between Peru and Ecuador runs north-
wards to meet the coast in Boca de Capones, a narrow
inlet 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
de 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
near its middle by an islet about a mile long and half
a mile wide. About a mile west of the boundary, the
waterway is constricted to about half a mile in width. It
jn continues westward between the north side of Isla

P a l ° a n d t h e s o u t h c o a s t o f a n u n n a m e d island of
Punta Payana is the north point; Boca Payana

Parates this island and Isla Templeque. The waterway
anri106 w i d e n s t o a general breadth of nearly 114 miles
na continues westward for about 3V2 miles; it is, how-
ver, obstructed by Isla Correa, about 3 miles long and

of tif ^ W i d e ' a n d b v t h r e e i s l e t s i n t h e c h a n n e l s o u t n

north 1 ? a n d ^n d t W 0 i s l e t s a n d t w o dry inS m u d flats

north ^ e ^ a n d - The waterway thence continues
the P~^f-StWard f o r a b o u t 2 m i l e s t o i t s entrance into
half •' h a v i n § a general breadth of rather more than
Of t t

 a m^ e- Within three-quarters of a mile seaward
Cone e n t r a n c e a r e t w o drying mud banks. South of Isla
w™«a' a c r e e k n amed Estero del Salto leads west-south-

S t W a r d 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
I. de Lobos, 4V£ 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 3V& 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 123^ 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 25V2 feet;
Buenos Aires, 27 miles north-westward of La Plata,
dredged to 27 Va 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 Uruguayan 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 1 % 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 1 ^ 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 1 34 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 river
but about 20 miles in a direct line. This port is reached
by a canal leading from Brazos Santiago, about 6 miles
north of the river entrance. Brazos Santiago is a narrow
pass leading into Laguna Madre, an extensive, shallow
lagoon, separated from the sea by Brazos and Padre
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 Rio
Grande.

m. ASIA

1. Gulf of Aqaba (Annex, map No 26)

References : Charts, Nos. 756, 3595
Red Sea and Gulf of Aden Pilot, Tenth Edition,
1955

The Gulf of Aqaba 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 Israeli 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 Nabq and Ras Fartak is 5 $4 miles.
About 17 miles above Ras Fartak the breadth is 14^
miles, which is the widest part of the gulf; thence
abreast El Kura it is 12V& miles wide, abreast El Mam-
lah, the width is 9 miles, thence this general width is
maintained, varying from between 8 Yz 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 20 V̂  miles from the head, and the latter off the
western side 7V£ 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 AVz miles south of Ras Fartak;
Sinafar Island lies about 11/2 miles east of Tiran, with a
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 tbe

Sinai coast, westward, a line of drying coral reefs tfeS

diagonally across the strait, forming on the west, the
Enterprise Passage and, on the east, the Grafton
Passage. The former has a minimum breadth °j
1,300 yards, and the latter a minimum breadth °*
950 yards between the central reefs and those extending
from the coasts. Both these passages are deep. East and
north of Sinafar and Tiran islands there would app^
to be a tortuous channel between the coral reefs into the
gulf, with a least depth of 9 fathoms and a width of tesS

than half a mile; this area has not been surveyed 1°
detail, and the available information is very old.

The Jordanian port of Aqaba lies on the eastern side

at the head of the gulf, and the Israeli port of Eilatn $
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 3 Yz 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 51/2 miles to its mouth, where it is about
4% 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,
Maraqqat Abdullah, up to &H miles offshore, and the
latter, Maraqqat Abadan, up to 6V2 miles ; it is probable
that both extend to seaward. Depths under 3 fathoms
extend for about 4 V2 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 91/2 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 Iranian 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-
mg the dredged channels on a falling tide, etc.

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

3. Khor Abdullah (Annex, map No 28)

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

Khor Abdullah separates the eastern side of the large
J^and of Jazirat Bubiyan from the mainland of Iraq;
jUjor Sabya, a narrow creek only available for boats at
air-tide, runs between the island and the mainland of

a s
T h e entrance to Khor Abdullah may be considered

N ^°^nmS the southern corner 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 6Y2 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 1% 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 6 $4 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 3 V2 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. Tlie Siimderbams (Hariabhaiiga and Ralmangal
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 4V2 miles wide, and are separated
near their mouths by an island 12^2 miles long in a north-
south direction with a general width of about 2V2 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 4V2 miles and a maximum width of
7% 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 21/2 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 1 i/2 miles; depths therein are
from 31/2 to 8 fathoms. On the western coastal bank are
three patches, marked by breakers and which probably
dry at low water ; these lie 1V2, 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.
It 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 UD-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 1 % miles.
The northern shore consisted of sand and mud which
dried from 2 to 5 feet, the south-eastern 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 coast
is fronted by breakers when the sea breaks in depths
greater than 3 fathoms, which are found many miles off
shore.

Rather more than half the coastline of the estuary lies
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 IV2 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 5*4 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 3 V2 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 AV2 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 5Yz miles south-south-west of
Shahpuri Point. St. Martin's Reef, a ridge of sunken
rocks, lies about 5 % miles west of the northern end of the
island. Sitaparokia Patches, with about 11/2 fathoms over
them, lie from 41/2 to 8 miles south-east of the island.

In 1944, there were two channels across the bar, one
north-west of St. Martin's Island, had a least depth of 8
feet, the other, named Patrick's Gut, had a depth of 11
feet and lay north-east of the island; the latter is
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 on
a creek in the eastern bank of the river about 7 miles
above the entrance. Depth of water there is about 4yz
fathoms.

7. Estuary of the Pakchan River (Annex, map No 32)

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

The Pakchan River, near its mouth, forms the boun-
dary between Burma and Thailand. The river entrant
lies between Victoria Point, the southern extreme
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Burma, and the low-water line of the mainland about
314 miles southward. Pulau Ru lies between one and 3 Yi
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
a r e : Pulau Pingngwe, Goh Chang and Goh Piam. West
and north-west of Victoria Point lies another group of
islands extending up to 5Vz miles off shore; the principal
of these are Pulau Besin, Pulau Perlin, Pulau Jungis and
Pulau Tonton, the last connected 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 2 V4 miles, with depths of from 4 Yz 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, 5 Yi
miles west and 8V§ 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 i t ; 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
Creek. The Burmese settlement of Kawsong is on
Victoria 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,
Jnence between that island and Pulau Saung Kharong.
Goh Chang and Goh Piam are Thai territory.

. Mathew's Island, with the islands lying within 17
ile 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

Sibuko Bay is a large indentation in the coast of
orneo between Bum-Bum Island and Mandul Island,

is t .es s°uth-westwards. The northern part of the bay
Ind[emt? ry o f N o r t h Borneo and the southern part is
ent n e s i a n - Bum-Bum Island, also forming the southern
mai ?Ce P ° i n t t 0 D a r v e l BaY> i s separated from the

m a n d by a channel about half a mile wide, and is

fronted on its south side by extensive reefs lying up
to IY2 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 21/2 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 51/2 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 4*/2 miles from the
mainland coast; several other reefs lie within 7 miles
west-south-westward of these. There are numerous
dangers lying up to 11Y2 miles off shore. A rock, which
dries one foot, lies about 9*/2 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 4V£ 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 11V^ 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 I, 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 8V2 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 % 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 6 % 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% 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 2Y2 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 Chinese
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
Tarn Long Sui, a headland about 5% 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 5 V2 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 3V£ 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
2 34 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 6M miles within the entrance and
about 1M 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 care
must be taken to avoid numerous fishing stakes, some
of which are situated in depths up to 9 fathoms. There
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 21/2 miles long and about IV2 miles
wide. I. de Taipa lies about 1V2 miles southwards of the
southern extremity of the peninsula and I. de Coloane
about a mile southward of the I. 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
I. 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 31/2 miles north-east of the peninsula, and up to
2 miles off shore, lie the Chinese islets of Ta-Chou-Chou.
About 2^4 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

Jhe Yalu River forms the boundary between China
J?a North Korea and flows into the northern side of the
«wang Hai or Yellow Sea. Its estuary may be considered
as lying north of a line joining Tefa To, an island 8
^es south of the southern extremity of Chorusan

m ^ u l on the east side of the estuary, to Kulungshan
w e s t e r n s n o r e a D 0 U t 3 4 m i l e s north-west-

trat ^ e e s t u a r v is funnel-shaped and has a pene-
uon northwards of about 17 miles to where the river

narrows to a width of 3 miles.

of islands and islets lie within the estuary,
Prmcipal 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 2V2 miles north of the western islands
in the Banjo group.

Katchiri To, about 3 V2 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 3 H
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 1 y± 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 1 §4 miles up the river.

Depths close off the islet in the entrance are charted
as 3 and 1 % 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 III, Seventh
Edition, 1946

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.3

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 13 V£ miles. The narrowest
part is about 9V£ 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 and
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 water
lines, is shaped roughly like a bent funnel, and for the
main part lies between the East Friesian coast oi
Germany and the Groningen coast of the Netherlands.
Its seaward limit may be considered as extending froj*1

Norddeich on its northern side to the Netherlands
coast about 18 miles south-westward. The penetration in-
land is about 20 miles. The coasts on both sides arei low
and flat and for considerable distances are formed y
dykes. That from Norddeich trends south-south-wesi-
wards and southwards for about 18 miles to Knock, &»
then turns abruptly eastward for about 7 miles to
mouth of the River Ems, which is about three-quarters ^
a mile wide. At the river mouth, the coast turns to
southerly direction for about 5V& miles, thence west™$
for about 5 miles, and thence in a curve northward
north-westward for a similar distance to form
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Dollart. From the western entrance point of The Dol-
lart the coast turns to a west-north-westerly direc-
tion for about 6 miles to Delfzijl, and thence in a
northerly 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 2M> 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 71/2 miles northward of the Netherlands coast at
the western end of the estuary as described above.

Detached drying sand banks lie up to 2 V̂  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
the estuary are shallow. Shoal water also extends 10
miles west and 6 miles north-west of Borkum. There
are channels on both sides of Borkum, that on the north
is named Oster Ems and that on the south Wester Ems ;
|he former is not of importance to sea-going traffic, the
latter is divided into two by a shallow bank. Depths in
au the channels in the estuary are liable to frequent
jttange. Between Knock and Emden the channel is
hedged over a narrow width and a depth of 23 feet is
maintained. Vessels drawing up to 29 feet can, at high

ater, reach Emden on the north side of the estuary and
b&riv ° n t h e w e s t e r n side"> b o t n t n e s e P o r t s h a v e

both ^ a c c o m m o d a t i o n a n d a11 modern facilities. They
Delf "i1Ve a c c e s s t o extensive inland canal systems,

iizijl can be reached by the deeper draught vessels by
def "Jf ,east> south and then west of the extensive
drauh d f y i n g b a n k s l y i n g o f f t h i s Port>or by Kght
the vr ,v e s s e l s by a direct channel between them and
buov rf l a n d s c o a s t- T h e main channels are all well
tiie *?? a.nd marked by beacons and lights. The rise of
chann 1 IS a b o u t 1 0 f e e t a t sprmg t ides- ^ winter the
is stron 1 ^ s e l d o m completely frozen over. Pilotage
ledge olh r e c o m m e n d e d for ships without local know-
Whih h S m a U p o r t s ^ t h e e s t u a ry M e Norddeich,

nas a 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 channel, 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 l\i 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 1H 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 1V4 miles and from the western for about
three-quarters of a mile ove r a distance of about 1 Yz 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 1 94 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, 2V& 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,
5 Vi 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 2V£ 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 3V£ 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 Eire.

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 12V£ miles.
From Magilligan Point, the lough gradually broadens
to reach a maximum breadth of 6% 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 1V£ 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 low
water is maintained in the channel by dredging operations
carried out by the Londonderry Port and Harbour Com-
missioners. The rise of the tide at springs is about 8
feet. Tidal streams run at maximum rates of between 2
and 3Y2 knots, the latter rate in the entrance. This
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 \k -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 2V&
miles to Inishowen Head and thence turns north-
westwards ; the coast of Northern Ireland at Magilligaii
Point turns south-eastwards and eastwards in a curve for
about 81/2 miles ; it then trends northward and north-east-
wards to Ramore Head, whence it takes a general
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 and
is that normally used. Eastward of The Tuns is a
trawling ground.

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

References: Charts No. 3562, 2117
Baltic Sea Pilot, Volume I, Seventh Edition.
1944

The Flensborg Fjord or Flensborger Forde, as k
to the Germans, is a narrow, winding fjord projecting
westwards into the land from the extensive water are
south of the Little Belt in the western end of the BalW
Its entrance points may be considered as P0ls Huk,
south-eastern extreme of the Danish island of Als, &'
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Falshoft, the north-western entrance point of Kiel Bay
about 7 miles south-westward. The entrance is rapidly
narrowed to a width of about 3 Vz miles between Kegnes,
a peninsula on the south side of Als, and Birknack, a
.prominent point on the German mainland which
forms the north-eastern entrance point of Geltinger
Bucht. The fjord is then widened to its maximum
breadth of 9% miles by Geltinger Bucht on the south
side and S0nderborg Bucht on the north. The former
bay has an entrance 4 miles wide and a penetration of
2 3̂  miles; the latter has a breadth at its entrance of 5
miles and a penetration of about 3 V2 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 9Yz miles within the entrance,
the fjord narrows to a breadth of about 154 miles ; thence
general widths of one to 1% 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 2 VA miles; thence, doubling round the northern
end of the peninsula of Holnis, it takes a general south-
westerly direction for about 7 V2 miles to its head. North
of Holnis, the northern shore is indented by Nyb0l 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,
about midway along the innermost reach of the
fjord.

Depths in the fairway through the outer part of the
fjord as far as the western extreme of S0nderborg 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 191/2 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
or one fathom, lies in the middle of the entrance to
toe fjord, the main approach channel for larger
snips leads south of this. The main fairway through the
Jjord ls well marked by buoys and leading beacons.

nere are ample lights for night navigation.

There is no appreciable tidal movement, but the water
level may alter dependent on the direction, strength
and duration of the wind. The ordinary variation is only

out a foot, but prolonged gales between west and
north-west lower it, at times, from 5 to 7 feet below the

^an *eYel- The fjord freezes completely over only in
rZelf winters> when it may be closed from one to two
months.

p o r t s w i t n i n t n e a r e a a r e Flensburg, on the
-Side' a n d s0nderborg and Egernsund on the

fishhi hlde" B e s i d e s tnese> t n e r e a r e a number of small
other g i u r s a n d p i e r s f o r t n e shiPPmS o f t i l e s a n d

qUa
 l 0 c a l manufactures. Flensburg has considerable

a i / ge a n d can berth vessels drawing 19Y2 feet; there
deh ^cih'ties and repairs can be executed.
nT •' l y i n g c l o s e witnin A^ S u nd, has piers and

es Wltn 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 S0nderborg,
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 1% 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 Francaise is about 1 \A 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 Francaise
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 low 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
IVz 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 north-
north-westerly direction, about 9 miles long with a
general width of less than half a mile. Its maximum and
minimum breadths are three-quarters of a mile and
about 300 yards. Its general depths are from 18 to 5y2
fathoms, except for about 1 % 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 Bratt0en and
Sau0en, both of which lie on the Norwegian side of the
boundary. At the north-eastern corner of the fjord lies
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 1%
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 Knivs0.

Svinesund joins Ringdals Fjord to Saekken; it is
about 2Yz 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 Kirk0 and
Singl0, known as Single Fjord, thence continues in
a south-south-westerly direction between the Norwegian
islands of North and South Sand0 and the Swedish main-
land, and thence between the Norwegian island of
Herf0l and the Swedish islets of Tjurholm and North
Halls0 to the northern end of Koster Fjord.

This stretch of the channel is about 8 miles long and
has a maximum width of rather less than half a mile;
it is deep with depths of from 25 to 60 fathoms. Herf0l,
South and North Sand0, with a few rocks lying off them?
are the south-easternmost of a chain of islands and
islets of which Kirk0 and Vester0 are the largest, ex-
tending 11 miles north-westward from the Swedish
mainland and about 7 miles southward of the Norwegian
mainland.

Tjurholm and N. Halls0 are the northernmost of a
chain of islands extending southwards for many mfleS)

separated from the Swedish mainland and each other
by very narrow channels. In general, their western
extremities lie from about 1 Vz to 3 miles from the main-
land.

Seaward of Herf0l and N. Halls0, the channel d
boundary take a west-south-westerly direction for
8 miles to the main waters of the S k a g g ^
close northward of Grisbadarna, a group of shoals witn
a least depth of one fathom.

South-westward of the chain of islands of vf.
Herf0l forms the southernmost, and on the Norwegi^
side of the boundary, are a number of shoals &{*
detached above-water rocks and islets; these lie in *j?
groups. The inner group extends about 2 miles nor^
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tward and lies from about 2 to 3 Yi miles westwards
*f Heif^l' the largest islet is Tisler, and the most
outbern above-water rock is Svarteskjoer, which lies

Sbout 2 miles from Herf0l and a mile north of the
boundary. The outer group, enclosed within an area
about three-quarters of a mile wide, extends about 4
juiles north-westwards from Knubben, a small above-
water rock close south of Heia, the largest in the group,
lying about 5*4 miles west-south-westward of Herf0l.
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,
islets 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 IV2 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. Halls0. 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 2i/4 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 Str0mstad. On the Norwe-
gian mainland about 10 miles north-west of the
entrance to Svinesund is the port of Frederikstad.

The international boundary for about 4 miles from
Grisbadarna is marked by buoys, and thence by leading
beacons.

South-eastward of the boundary, between Gris-
badarna and North Koster, is a fishing ground in which
it is 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
that part of the coast. The river mouth, about a quarter
°i a mile wide, enters the sea between the Swedish
mainiand and the Finnish island of Pirkkio and about
ln miles south of the Finnish town of Turnio. Sellei is
a!J l s l a nd close south of Pirkkio; its southern end is
aDout 5 miles south of Turnio.

From the river mouth, the mainland coast of Finland
5s m a general south-easterly direction for about 17

lancf t 0 a P r o m o n t o r y named Maksniemi; the main-
ly <iOast °^ S w e den runs in a general west-south-
^steriy direction from the river mouth for about 25
front ^ *ar^e n u m D e r °f islands and above-water rocks
thei .<Toast UP t o a distance of nearly 14 V2 miles,
Pri

 r Portions can best be seen on the chart; only the
c lP a l ones will be mentioned here.

is S* l l a r g e s t is lands, 31/2 miles long and 3 miles wide
s&ar lying 10 miles south-west of the river mouth.

Puukko is a small islet about 1 Yz miles southward. About
11 miles southward of Seskar is Maloren, the southern-
most in this area. Sandskar lies about 5 miles north-east
of Maloren, with Seskarfuro 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:
Knifskar, 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 1Yz miles east
of Knifskar; Kataja, an islet 2 miles north of Knifskar
with the two islets of Hamnskar 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 1 Yz
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 Knifskar, 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 11 Yz 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; Roytta, the port for the town of
Tornio 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 Tornio, where there is a quay with a depth
of 19 feet alongside, and Neder Kalix, about 24 miles
west of Tornio, where there is a depth in the roads of
27 feet. There are several landing places between Kemi
and Roytta 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 Tornio, to the route past Maloren lighthouse
and Puukko in Swedish waters or past Kemi lightvessel
to Roytta.

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

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

Pilotage is compulsory in both Finnish and USSR
waters.

10. Tlie area of Viro LacM (Annex, map No 48) 1 L E s t a a r y o£ Biwa Giiadiam (Annex, map No 49)

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 5% 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 1 *4 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 Gouor; 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 1 V£ and 2 }4 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 9V& 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 1̂ 4 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.

References : Charts, Nos. 2680, 92
West Coasts of Spain and Portugal Pilot, Third
Edition, 1946

The River Guadiana for the last few miles
of its course forms the boundary between Portugal and
Spain. It discharges through a comparatively straight
stretch of coast running in an east-north-easterly direc-
tion for about 20 miles. About 1 1/2 and 2*4 miles within
the entrance, two narrow creeks lead eastward off the
main river to discharge into the sea through the River
Higuerita, about 21/2 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 nets
may be found at times up to 5 Vz miles off: shore and a
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 to
the Turks as Meric and once known as Maritsa, forrns
the boundary between Greece and Turkey. The river dis-
charges through a delta on the eastern side of a ow
lying between the coast about 3 miles north-west
Gremea Burnu and Ak Makri about 20 miles north-west-
ward. The penetration of this bight is 6Y2 miles. T-
island of Samothraki, about 21 miles off shore, I*0111

the bight.
The coast of the delta extends for about 6 V2

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 IVz miles off shore, the
northern side is comparatively steep-to.

Depths on the bar of the principal mouth are usually

about 3V6 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

MAP NO. 1

Waterway at 11°N, 15°W (approx.) between French and Portuguese Guinea
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MAP NO. 4

Mouth of Manna or Mono Sliver
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MAP NO. 7
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Picdra Ugcf, I ?°

Is/a de Corisco

C o r i s c o

"Leva

I. Bane

•'Conpa

Bane •::

Acanda .

MAP NO. 8

Estuary of Comgo River

Ponta N'gelo

Ponta da

Miles
O 10 20

1

(
\

Moffe 5eca\

\

If
*"

u ^ . < *

\ °
\

\

\

/

T
3 i

n g° 1 a

~^~

S



Document A/CONF.13/15 225

MAP NO. 9

Mouth of the Orange River

MAP NO. 10

Passamaquoddy Bay
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MAP NO. 11

Gulf of Honduras
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MAP NO. 13

Salinas Bay
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MAP NO. 15

San Juan River
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MAP NO. 16

Mazanillo Bay
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MAP NO. 18

Bay of Ancon de Sardinas
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MAP NO. 21

Coremtyn River

MAP NO. 22

Boca de Capones

MAP NO. 23

Rio de la Plata
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MAP NO. 25

Rio Grande

MAP NO. 24

Estuary of Coco (Wanks) River
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MAP NO. 26

Golf of Aqaba
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MAP NO. 27

Shaft al-Arab

MAP NO. 28

Khor
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MAP NO. 29

The Sundarbans (Hariabhanga and Raimangal Rivers)

Silt and sand banks
covered at high tide

MAP NO. 30

Sir Creek
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MAP NO. 31

Naaf River

St. Martins Island
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MAP NO. 32

Estuary of Pakchan River
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MAP NO. 33

Sibuko Bay
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MAP NO. 34

Hong Kong - Deep Bay
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MAP NO. 35

Homg Kong - Mks Bay

MAP NO. 36

Macao Area
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MAP NO. 37

Yalu River

MAP NO. 38

Tyumen River
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MAP NO. 39

Gulf of Trieste

MAP NO. 40

Ems and Dollart
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MAP NO. 41

Lough Carliiigford
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MAP NO. 43

Fiensborg Fjord

MAP NO. 44
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MAP NO, 45

River Miflo
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MAP NO. 47

Head of Bottenvikem
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MAP NO. 48
YIro Lachti Area
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(Received: 30 December 1997; accepted in revised form: 12 August 1998)

Key words:lead, thorium, beryllium, Brazil

Abstract
210Pb,234Th and7Be 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 das Garc¸as, a typical 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 withSpartina alterniflorafollowed by mangrove vegetation. An additional core was collected on an
overwash island near Barra de Guaratiba, which is cover with mangroves without a mud flat orSpartina alterniflora
sequence. Sediment accumulation rates were determined to range up to 1.8 cm/yr with theSpartina alterniflora
having the maximum rate. Mixing rates were estimated for theSpartina alternifloracore at 40 cm2/yr based on
210Pb and7Be from the upper mixed region of the core. The234Th activity in this core suggested that either mixing
or the input of234Th were not in steady state. The sediment mixed region depth ranged from 4 cm to greater than
30 cm. At the Enseada das Garc¸as site the mixing depth decreased in the landward direction (i.e. mud flats> 30 cm,
Spartina alterniflora11 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 13 cm as a result of
physical and intense biological activity.

Introduction

Recently, reclamation of mangrove ecosystems for
agricultural, industrial, urban and other forms of
development has been increasing and causing irre-
versible damage in coastal regions throughout the
tropics (Hatcher et al., 1989). Along with the destruc-
tion of the mangroves comes the anthropogenic effects
associated with the new developments. The mangrove
sediments contain a historical record of information
on the temporal changes that have been brought about
as a result of these actions. This record is altered
or smeared by the effects of sediment mixing (i.e.
physical and/or biological mixing), which influences
the preservation of the physical sedimentary struc-
tures (Nittrouer and Sternberg, 1981). The alteration

∗ Present Address: Department of Fisheries and Aquatic Sci-
ences, University of Florida, 7922 NW 71st Street, Gainesville,
FL 32653, USA

of the record depends on the intensity, depth and na-
ture of the sediment mixing as well as the sediment
accumulation rate. Sediment mixing also affects the
alteration of biogenic components and pore-water con-
centrations of dissolved chemical species within the
sediment mixed layer (Schink and Guinasso, 1977;
Berner, 1980; Aller, 1982). In addition, Yingst and
Rhoads (1980) documented that microbial activity is
influenced by sediment mixing rates.

Mangroves dominate approximately 75% of the
world’s coastline between latitudes 25◦ N and 25◦ S
(McGill, 1959). These tropical coastal areas are re-
sponsible for about 75% of the sediment discharged
from land to sea. Often mangroves are considered
to be equivalent to salt marshes that develop on ex-
tensive suitable intertidal zones with great supply of
fine-grained sediment and abundant rainfall or fresh
water supply (Walsh, 1974). Geologists view man-
grove shorelines as sediment sinks and mangroves
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are thought to accelerate the rate of mud accretion
(Woodroffe, 1992). Young intertidal deposits that are
covered by vegetation are protected against erosion by
the dense network of trunks and pneumatophores that
act as efficient sediment trappers (Scoffin, 1970). The
underground root systems also play an important role
as sediment binders (Scoffin, 1970). The sediments
accumulate at the slack of high tide and after floods
bringing material from the sea and land. The accu-
mulating sediments are a mixture of clastic sediment
and organic materials produced by the plants and their
associated fauna (Bird, 1971).

While many human communities have a traditional
dependence on mangroves, understanding mangrove
ecosystems lags behind that of many other ecosystems
(Bunt, 1992). Despite the acceptance that mangrove
ecosystems are important sinks for sediments, few
studies have addressed sediment mixing and accu-
mulation in this environment. Simple accumulation
measurements have been made by simulating pneu-
matophores using rods or stakes. In Australia, sedi-
mentation rates determined by this method have shown
varying rates from−11 to +4.6 mm/yr (Spenceley,
1977, 1982). The pattern of sedimentation or erosion
determined by the stake method has been questioned
as the stakes themselves may alter these processes.
Long-term accumulation rates have been determined
using radiocarbon (Woodroffe, 1990). However, only
one study examining sedimentation rates over the past
100 years has been conducted in which Lynch et al.
(1989) determined accumulation rates of up to 1.7 and
4.4 mm/yr in mangroves of Florida and Mexico, re-
spectively, using210Pb and137Cs.210Pb has proved to
be a valuable tracer of sediment mixing and accumu-
lation in a variety of environments (Koide et al., 1972;
Benninger et al., 1979; Nittrouer and Sternberg, 1981;
Nittrouer et al., 1984; Carpenter et al., 1984; Davis
et al., 1984; Sharma et al., 1987; Lynch et al., 1989;
Crusius and Anderson, 1991; and many others). How-
ever, with the exception of Lynch et al. (1989), this
approach has been neglected in mangrove ecosystems.
Short-lived radionuclides234Th and7Be have been ex-
amined to determine sediment mixing rates in a variety
of environments (Aller and Cochran, 1976; Aller et al.,
1980; Krishnaswami et al., 1980; Aller and DeMas-
ter, 1984; DeMaster et al., 1985; Cacey et al., 1986;
Rice, 1986) but have not been applied to mangrove
ecosystems.

210Pb and 234Th are naturally occurring radio-
nuclides of the238U decay series with a 22.3 year
and 24.1 day half life, respectively.210Pb is used
to examine sediment processes on a 100 year time
scale.210Pb is supplied by its effective parent226Ra

in seawater and from222Rn in the atmosphere. The
atmospheric source is produced as222Rn, a short-lived
(t1/2 = 3.8 days) intermediate daughter of226Ra, es-
capes from the earth’s crust, decays to210Pb, and is
deposited back to the ground. In most shallow water
environments, atmospheric input is the major source.
234Th is used to examine mixing processes on a 100
day time scale and is produced in seawater from238U.
The cosmogenically produced radionuclide7Be also is
a useful tracer with a 53 day half life that can be used to
examine short-time scale (i.e. 250 days) mixing events.
7Be is produced in the atmosphere by spallation reac-
tions of cosmic rays. These three tracers have the very
advantageous property of being particle reactive and
therefore, particle bound in the marine environment.
This property combined with a known decay rate allows
the tracers to be used in the investigation of sediment
mixing and accumulation on the respective time scales
of the individual radionuclides. In the present study
we use these radionuclides to establish sediment ac-
cumulation 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.

Study area

Brazil has 10% of the worlds mangrove ecosystems
most of which form a strip along a large portion
of the coast of Brazil from Amaṕa in the north to
Santa Catarina in the south. In the northern states,
the mangrove systems are well preserved, due to a
low population density and limited industrial develop-
ment. However, the southeastern coast has been
highly influenced by urban and industrial development
(Kjerfve and Lacerda, 1993).

Sepetiba Bay is a highly industrialized area located
60 km west of the city of Rio de Janeiro (Figure 1).
Its first industry was a zinc smelter, which started
around 1963 (FEEMA, 1980). Since then almost 400
industries, mainly pyro-metallurgical plants, have been
established in the drainage basins of the São Francisco
canal and Rio Guandu, which are the fresh water inputs
into the bay. Water circulation in the bay is controlled
by the tides and winds. Almost 50% of the inner bay
area is characterized by tidal flats exposed during low
tide. Borges et al. (1989) studied sediments in the bay
and compared bathymetric charts of 1868 and 1981.
They determined that the north and northeastern parts
of the bay are areas of sediment accumulation whereas
the southern inner bay along the Marambaia barrier
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-
lected for this study: (1) Enseada das Garc¸as and (2)
Bara de Guaratiba (Figure 1). Enseada das Garc¸as has
typical tidal flats of the northeastern part of the bay,
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
by the sea grassSpartina alternifloraLoisel followed
by 70 m of mangrove vegetation. The mud flat sedi-
ments consist of 95% silt and clay sized particles. At
the spartina fringe location grain size ranges from 70–
90% silt and clay with roots penetrating to 20 cm. The
mangrove sediment grain size is 65–75% silt and clay
with roots down to 14 cm. Three characteristic species
compose the mangrove community:Rhizophora
mangleL., Avicennia schauerianaStapf. et Leechman
andLaguncularia racemosa(L.) Gaertn.

The sediment dwelling fauna in the mangroves
includes the largest number of species, in particular
crustaceans and mollusks. Typical representatives are
the crabsCardiswa guanhumi, Ucides cordatus, the
musselsMytella guyanensisandM. falcata; the cockles
Anomalocardia brasilianaand Iphigenia brasiliensis
and the snailMellanpus cofeus(Kjerfve and Lacerda,
1990).

At the Barra de Guaratiba station the mangroves
are on an overwash island without a mud flat sequence.
The island is located in front of the canal, which sep-
arates the continent from the Marauibia barrier island.
The mangrove vegetation is similar to the Enseada
das Garc¸as site in composition, and the fauna in the
sediment is the same except the crabs,Cardisouna

quanhumi, are in large number and are responsible for
intensive bio-mixing compared to the other site. The
sediment grain size is 65–75% clay and silt with roots
down to 13 cm.

Sediment mixing and accumulation model

Sediment mixing, sediment accumulation, radioactive
decay, and parent radionuclide supported production
affect radiochemical profiles in the sediments. These
processes are included in the following steady-state
equation (Guinasso and Schink, 1975):

D
∂2A

∂z2
− S

∂A

∂z
− λA + P = 0, (1)

A is the total activity of the radionuclide (dpm/g),D

is a coefficient characterizing the sediment mixing rate
(cm2/y), z is depth below the sediment–water interface
(cm), S is sediment accumulation (cm/yr),λ is the
decay constant (/yr), andP is the production from
parent radionuclide (dpm/g/y). By using the excess
activity the production term may be omitted. The so-
lution to this equation can be rearranged to calculate
accumulation rates.

S = λz

ln(A0/Az)
− D

z

[
ln

(
A0

Az

)]
. (2)

Sediment mixing by biological and physical processes
is modeled as a diffusive process. While sediment mix-
ing is not truly a diffusive process, it may appear like
a diffusive process if non-diffusive individual events
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Table 1. Excess 210Pb, excess234Th and 7Be
activities (dpm/g)

Spartina ex210Pb ex234Th 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 4.21
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
3–4 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 1.61
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.

D = λ

[
z

ln(A0/Az)

]2

. (3)

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:

S = λz

ln(A0/Az)
. (4)

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 a time 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 Garc¸as 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.

210Pb, 226Ra, 7Be and234Th 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 samples.210Pb activity was
determined by the direct measurement of 46.5 KeV



21

gamma peak.226Ra activity was determined by a
weighted average from two214Pb energies, 295.2 and
351.9, and a214Bi gamma peak at 609.3 KeV (Moore,
1984). For226Ra measurements, the packed samples
were set aside for at least 21 days to allow for222Rn
to ingrow and secular equilibrium to be established
between226Ra and its granddaughters214Pb and214Bi.
Excess210Pb activity was calculated by subtracting
the supported210Pb (i.e.226Ra activity).7Be 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 peak.234Th supported by
238U was determined by recounting the samples after
allowing for the decay of the excess234Th. The activity
measured in the second counting was subtracted from
the first giving excess234Th (activity not supported
by 238U). 7Be and excess234Th were corrected for the
decay since the time of collection. For gamma energies
below about 295 KeV self-absorption is significant,
and the corrections were made using the approach of
Cutshall et al. (1983). After gamma counting, samples
were dried to determine dry weight.

The above gamma method was used for the Spartina
fringe (B) core while for the mud flat (A), mangrove (C)
and the overwash (D) cores only210Pb was determined.
For the latter cores210Pb activity was measured by
alpha counting its granddaughter,210Po, using a tech-
nique similar to DeMaster et al. (1985). A209Po spike
(used as a yield determinant) was added to 3 g of dried
sediment prior to total dissolution with HF, HClO4,
HNO3 and HCl. After the sediment was dissolved, the
sample was taken to dryness and then picked up in 6 N
HCl. The 6 N HCl solution was diluted to 1.5 N HCl and
several milligrams of ascorbic acid were added to the
solution in order to complex iron. The polonium iso-
topes were removed from the solution by spontaneous
electrodeposition onto a silver planchet and measured
by alpha spectroscopy.210Pb activity from the deepest
samples was used to determine the supported210Pb
activity.

Results

Sample intervals, excess210Pb, excess234Th and7Be
are all shown in the Table 1. Errors for210Pb,234Th and
7Be 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-

ment accumulation was determined from the slope of
the least-squares regression line from the excess210Pb
activity with depth below the sediment mixed layer
using equation (4). This assumes no mixing below the
sediment mixed layer. Mixing within this accumulation
region would cause an over estimation of the accumula-
tion rates. However, there is no evidence of deep mixing
observed in these cores.

The mud flat core has an excess210Pb mixed region
down to at least 30 cm, which is the entire length of the
core. The excess210Pb 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
accumulation rate in this core.

The excess210Pb profile for the Spartina fringe
core has a mixed region down to 11 cm. The minimum
sediment mixing rate within this region is 40 cm2/yr
based on excess210Pb activity. This calculation ignores
two points with somewhat lower activities caused by
large shells in the samples. Below the mixed region
the excess210Pb profile exhibits exponential decay.
The least-squares line yields an accumulation rate of
1.8 mm/yr.7Be penetrates to 4 cm depth while234Th
is only detected in the surface interval. For this core it
also was possible to calculate a mixing rate based on
7Be. The7Be activity least-square line yields a mixing
rate of 15 cm2/yr. In addition, the upper (1–2 cm) and
lower (3–4 cm)7Be intervals were used and a 40 cm2/yr
mixing rate was calculated.

The mangrove core has an excess210Pb profile ex-
hibiting mixing down to 4 cm. The excess210Pb activity
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
accumulation rate is only an estimate due to the few
data points within the accumulation region.

The excess210Pb profile from the overwash core
shows a mixed region down to 13 cm. The excess210Pb
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 Garc¸as station to 13 cm on
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Figure 2. Excess210Pb activity profile.

the overwash at the Barra de Guaratiba station. How-
ever, the mud flat region at the Enseada das Garc¸as
station is an exception where mixing is at least to 30 cm
depth, which was the maximum depth of penetration
for this core. This deep mixing is the result of intensive
physical mixing as benthic fauna are absent. As the
tide rises sediment is resuspended, and at high tide the
mud flat sediment is highly disturbed with much sed-
iment in suspension (direct observation). During cold
front events, this physical disturbance is very intensive,
which happens almost 50 times a year and mainly in
the spring season.

In the Spartina fringe core, the excess210Pb shows
a mixed layer down to 11 cm. Due to the presence of
the Spartina, this region is influenced less by physical
mixing than the mud flat and more by the many species
of sediment fauna mentioned in the study site descrip-
tion. From the210Pb profile in this mixed region, a
minimum sediment mixing rate can be calculated based
on the mixing required to produce the vertical profile.
However, the profile exhibits some non-diffusive traits
(i.e. not truly uniform profiles) even on the longer time

scale of210Pb, as do the other cores. Therefore, this
is a crude estimate of sediment mixing. Most likely
this is not an appropriate manner in which to calculate
sediment mixing rates from this profile. Having stated
this we will proceed with a discussion based on this esti-
mated mixing rate in order to compare with the work of
other investigators who also applied this method. The
minimum mixing estimate calculated was 40 cm2/yr for
the Spartina fringe. This was the only core that had a de-
crease in excess210Pb activity with depth in the mixed
layer. Typical continental shelf margin environments
have mixing rates ranging from 1–30 cm2/yr (Carpen-
ter et al., 1982; DeMaster et al., 1985). Carpenter et al.
(1984) observed mixing rates in Puget Sound ranging
from 1.5 to greater than 370 cm2/yr based on210Pb.
Therefore, the mixing rate in the Spartina fringe core
is in the high range or greater than typical values for
margin environments, but most likely not as extreme
as those observed in Puget Sound.

Short-lived radionuclides are often used to examine
mixing because the same rates that produce vertical
profiles in210Pb will yield decreasing profiles in the
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Figure 3. Excess210Pb, excess234Th and7Be activity profiles.

shorter-lived species due to the time scale. However,
the shorter-lived species often record a different and
most often higher mixing rates perhaps as a result of
seasonal and/or age dependent mixing (Smith et al.,
1993). In the Spartina fringe core,7Be penetrates to a
depth of 4 cm with the maximum activity measured at
the 1–2 cm interval.7Be was not detected in the surface
layer possibly due to the low mass of the sample and this
should not be interpreted as a zero activity. An estimate
of the sediment mixing rate was determined from7Be
using two methods. A mixing rate of 15 cm2/yr was
calculated using a least-squares line and a 40 cm2/yr
rate was calculated using the upper and lower data
points only. The later method was used because the
2–3 and 3–4 cm interval activities were identical and
the 40 cm2/yr mixing rate is required to produce the
measured activity in the 3–4 cm interval. This rate was
the same magnitude as the mixing rate determined us-
ing excess210Pb (40 cm2/yr). Therefore, the sediment
mixing rate over the past 250 days is similar to the long
term rate. This does not necessarily mean the rate has
remained constant. If the mixing rate was the same

over the last 100 days,234Th should be detected in the
1–2 cm interval, which is not the case.234Th is only
detected in the 0–1 cm surface interval. There are two
explanations that could account for this observation.
The first is that the mixing rate varied over the last 250
days and was slower in the last 100 days. This could
be the result of a temporal change or a migration of
the biological and/or physical mixing. An alternative
explanation would be that mixing has not decreased,
but that the addition of excess234Th is not a steady-state
process. Excess210Pb and7Be are deposited from the
atmosphere while234Th is dependent on the addition
of sediment or the removal of234Th from seawater
passing over the sediment surface. Addition of excess
210Pb and7Be also may vary with time, but the longer
time scales would dampen the effects. Therefore, the
differences observed could be the result of the tracer
source and not the sediment mixing rate.

The mangrove area at the Enseada das Garc¸as sta-
tion has a mixed layer 4 cm deep. This area is thought
to be influenced even less by physical mixing than
the Spartina fringe because the physical forces should



24

Figure 4. Excess210Pb activity profile.

be dampened as the mangroves are protected by the
Spartina. Also this core was not taken from the edge
of the mangroves but further within the mangroves,
which provides additional protection from physical dis-
turbance. The overwash core at the Barra de Guaratiba
station while also from a mangrove region does not
have the protection of the Spartina fringe and is on
the edge of the mangroves. This results in a deeper
mixed layer of 13 cm. The overwash also has a higher
occurrence of the crabs as mentioned in the study
site description, which are responsible for increased
biological mixing.

The mixed layer depths in these cores are similar to
those observed in Long Island Sound (Benniger et al.,
1979), a South Carolina salt marsh (Sharma et al.,
1987) and the Washington continental shelf (Nittrouer
et al., 1984). However, the previous investigation in a
mangrove ecosystem revealed a shallow mixed region
down to 2.9 cm in only one core from Boca Chica, Mex-
ico, of the seven other cores from Mexico and Florida
no other evidence of mixing was observed (Lynch et al.,

1989). The difference between Lynch et al. (1989)
and the present study may be due to the differences
in the regions or heterogeneity within the mangrove
ecosystems examined.

Sediment accumulation

Based on the profiles below the mixed layer and
assuming negligible mixing in this region, the sedi-
ment accumulation rates calculated range from 1.2 to
1.8 mm/yr. The highest accumulation rate measured
was for the Spartina fringe, which is most likely due
to the high sediment trapping ability of the Spartina.
The higher accumulation rate may also be influenced
by the close proximity to the mud flat, which during
disturbance events could be a major source of sedi-
ment. Other studies in mangroves (Lynch et al., 1989)
and salt marsh ecosystems (Hatton et al., 1983; De-
Laune et al., 1983; Feijtel et al., 1985; Stevenson et al.,
1985) have documented similar higher accumulation
rates on fringes as opposed to backmarsh areas. While
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Figure 5. Excess210Pb activity profile.

the physical environments of the two mangrove sites
are somewhat different the balance between trapping
of sediment and the supply of sediment appear simi-
lar. This produces nearly identical accumulation rates
of 1.2 mm/yr in the Enseada das Garc¸as mangroves
and 1.3 mm/yr from the overwash mangrove site. Both
cores from the mangroves appear to have similar accu-
mulation rates although the data used to calculate these
rates are sparse. Because of the sparse data within the
accumulation region, these rates are estimates.

Lynch et al. (1989) determined accumulation rates
using excess210Pb in mangroves of Florida and Mexico
to range from 1.0 to 4.4 mm/yr. Salt marsh sediment
accumulation rates along the east coast of North
America range from 1.4 to 5.0 mm/yr (Sharma et al.,
1987). Therefore, the sediment accumulation rates cal-
culated in the present study fall within the same range
as salt marshes and other mangrove ecosystems.

For mangrove vegetation to persist, the sediment
accumulation rate must follow the rise and fall of
sea level. Because of this dependence, mangrove
peat deposits have been used to record sea level
over time (Scholl and Stuiver, 1967; Scholl et al.,

1969; Woodroffe, 1981). In the salt marshes of North
America, vertical accretion and sea level rise are in
good agreement. Lynch et al. (1989) show that the
mangrove systems in Florida and Mexico are following
the rate of sea level rise as well. While practically
no work on the modern rate of sea level change has
been conducted in this region, the change is thought
to be approximately zero. Therefore, the rate of man-
grove sediment accretion is outpacing the sea level
change. This means the mangroves will continue to
grow and possibly move seaward. Another possibility
is that approximately a 1 mm/yr sea level rise has gone
undetected. Based on the past use of mangrove peat
deposits to record sea level and the recent studies doc-
umenting salt marsh and mangrove accretion following
sea level, approximately a 1 mm/yr sea level rise in this
area seems very likely.

Conclusion

Sediment mixing depth decreases from the mud flat
through the Spartina fringe to the mangrove area at
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Enseada das Garc¸as. The mixed layer in the mud flat is
at least 30 cm and due to physical mixing. The mixed
layer in the Spartina fringe is 11 cm and caused by a
combination of physical and biological mixing. The
mangroves are well protected from physical mixing
and have a mixed layer of 4 cm created by biological
mixing. Therefore, as we move inland from the mud
flat the depth of mixing decreases and the cause of the
mixing shifts from physical to biological. The mixed
layer at the overwash is 13 cm deep and has the po-
tential to be caused by physical and biological mixing.
The 7Be and234Th data from a single core suggests
future studies in mangrove ecosystems would benefit
from examining these shorter-lived radionuclides in the
investigation of sediment mixing. These radionuclides
could provide better estimates of rapid diffusive mixing
and identify areas of advective mixing.

The Spartina fringe has a sediment accumulation
rate of 1.8 mm/yr and is the fastest rate observed in
this study. The high accumulation rate is the result of
the trapping efficiency of the Spartina and the close
proximity of the mud flat. The mud flat is physically
disturbed often and therefore can supply sediment to
the Spartina fringe. The mangrove site at Enseada das
Garças and the overwash at Barra de Guaratiba have
an estimated sediment accumulation rate of 1.2 and
1.3 mm/yr, respectively. It is typical for areas farther
inland to have lower accumulation rates. For the man-
groves to persist it is necessary for the accumulation
rate to follow sea level, therefore these accumulation
rates suggest a sea level rise in the range of 1 mm/yr
in this area. This estimate is the only hint at the sea
level change in the area and additional investigation is
needed to confirm this possibility.
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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�1. 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�1). 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 m y�1 and 2.6
versus 1.5 m y�1, respectively. Total area losses accounted for 0.91 km2 y�1 for the Gulf coast and 0.25 km2 y�1 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

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,

1993; Ruitenbeek, 1994; Plathong and Sitthirach, 1998; Gilbert
and Janssen, 1998; Semesi, 1998; Janssen and Padilla, 1999).

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 km2) 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 (2100e4000 mm y�1) whilst it ranges
between 1600 and 2400 mm y�1 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 � 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 1e7, 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

Thammarat

Pattani Ranong Satun

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



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 1996e1997 (Panapitukkul et al., 1998; Kamp-Nielsen
et al., 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

Fig. 1. Map of Southern Thailand showing mangrove areas and four selected study sites, and geographic names use in the text.



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 � 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 8e10 plots on
each transect. For the other study sites, mangrove progression
areas are small, therefore, five transects with 5e10 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 ¼
p � DBH, where p ¼ 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 ðmÞ ¼ AþB

�Maximum age ðdaysÞ

where: A ¼ intercept of the regression equation; B ¼ slope or
progression rate (m day�1).

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 1998e2000.

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 1967e1998 in terms of erosion and accretion
for coastal segments of 0.5e30 km long (n ¼ 142), magnitude
(rate in m y�1), 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 140e1200 m over the period of about 31 years,
or approximately 5e38 m y�1. In the west, however, equally
large mangrove forests increased only little in the seaward di-
rection: 10e90 m over 31 years or less than 3 m y�1. 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



two methods ( p ¼ 0.125), but the method and site interaction
was significant ( p ¼ 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�1) but the remote sens-
ing method showed little progress (0.3 � 0.03 m y�1, 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

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 km2 y�1 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,
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Table 2

Coastal change in the coastal provinces of Southern Thailand, area of mangroves, number of coastal segmentsa with changed area (N), length of changed coastline

(L, km), mean rate (SE) of change (R, m y�1) and estimated net change over the period of 1967e1998

Province Length of

coastline

(km)

Mangrove area

in 2000

(km2)

Erosion Accretion Estimated net

change

(km2 y�1)
N L R N L R

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 2.3 (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)b 29 82 2.9 (1.0)b �0.13b

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 e e �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 4 2.5 (0.0) �0.03

Total 983 1766 43 113 2.6 (0.3)b 17 35 1.5 (0.2)b �0.04b

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



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 m y�1). This is also in
accordance with the presence of mangroves (Fig. 3d), which
usually dominate mudflat shorelines and river mouths. Here

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
(>10 m y�1).

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 1971e2000 and sediment yield for 1979e2000.
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 1e14
and model (b) examined variables 1e16 (Table 5). Stepwise

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 � 100), and level of significance ( p)

Factors df SS % variance p

Coast (west vs. east) 1 2 <1 0.709

Coastal typesa 5 49 2 0.625

Degree of mangrove presence 3 327 11 0.001

Coast � Coastal type 3 98 3 0.078

Mangrove presence � Coast 3 191 7 0.005

Mangrove presence � Coastal type 5 270 9 0.003

Residual 121 1690 59

Total 142 2868

a Coastal types distinguished; see Fig. 3.
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ence; and degree of mangrove presence of: (d) all segments, (e) segments of the west coast, and (f) segments of the east coast.



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 m2

(or approximately 0.05 ha), the presence of dams across inflow
rivers caused considerable net area loss of about 91,510 m2 (or
0.92 ha) and loss increased by 10 m2 for 1 km2 increase in
catchment area (Fig. 5).

Models (c), (d) and (e) determined correlations of eroded
area. In model (c), variables 1e11 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 km2 of mangrove
area loss contributed to 830 m2 of eroded area and 1 km2

increment in shrimp farm area increased the eroded area in
the order of 2170 m2 (or 0.02 ha). On the contrary, 1 km2 of
mangrove area in 1996 reduced the eroded area by 430 m2.
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 � 1000 m2, 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 m2 with 1 km2 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 m2 of accreted area (Table 5).

Factors responsible for mangrove area loss were assessed
in models (i) and (j). In model (i), variables 1e8 and 11e13
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 km2 of shrimp farm
area caused 1.44 km2 of mangrove area loss, whilst 1000 m2

of eroded area related to mangrove area loss of about
0.25 km2 (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).
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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 (km2) 2838 159 8969 Royal Irrigation Department, 2004

3. Rainfall (mm y�1) 2197 1816 4021 Meteorological Department, 2004

4. Sediment yield (ton km�2) 160 85 339 Royal Irrigation Department, 2004

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

6. Coastal water suspended solids in 2003 (mg l�1) 17 7 46 Pollution Control Department, 2003

7. River plume (km2) 102 24 477 Estimated from 2000 and 2001 Landsat Satellite images

8. Mangrove area in 1961 (km2) 281 13 612 Royal Forest Department, 2004

9. Mangrove area in 1996 (km2) 58 6 304 Royal Forest Department, 2004

10. Mangrove area loss (km2) 131 7 528 Royal Forest Department, 2004

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

12. Shrimp farm area in 1996 (km2) 11 2 105 Charuppat and Charuppat, 1997

13. Eroded area (�1000 m2) 64 26 560 Sinsakul et al., 1999, 2002

14. Accreted area (�1000 m2) 12 0.0 240 Sinsakul et al., 1999, 2002

15. Eroded distance (�1000 m2) 24 5 112 Sinsakul et al., 1999, 2002

16. Accreted distance (�1000 m2) 8 0 32 Sinsakul et al., 1999, 2002

17. Net area loss (ha) for the period of 1967e1998 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 (aej) 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 (r2) 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 r2

Determination of net coastal area loss
(a) Net area loss Accreted area (14) �1.96 (0.13) 0.00 �7.75 (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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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 2e4 m y�1, with the ex-
ception of the more rapidly expanding forest in an infilling
sheltered bay of Pak Phanang (25e40 m y�1 or approximately
0.35 km2 y�1). This progress rate is, however, considerably
less than that reported for the Segara Anakan area in Indonesia
(2 km2 y�1, 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 � 25 m) since the ma-
jority of measured distances were within 1e2 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 (0.5e30 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
6.7 m y�1 whilst accretion ranged from 1.0 to 8.9 m y�1.
Along the east coast, total eroded area amounted to
0.91 km2 y�1 and an average per province was 0.13 m y�1,
whilst corresponding estimates in the west were 0.25 and
0.04 m y�1, respectively. The overall erosion rate on the east
coast is 3.6 m y�1, which is comparable to that of Kuala Ter-
enganu on eastern peninsular Malaysia (0.2e4.0 m y�1,
Maged et al., 1999). The net area loss found here was higher
than that reported for the Bay of Bengal (0.65 km2 y�1, Ghosh
et al., 2001) but slightly less than that of the Camau Peninsula
in Vietnam (1.1 km2 y�1, 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 m y�1. 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 300e500 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 300e500 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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Affidavits regarding the Custody of the Original Radcliffe Map, 15 July 2013. 

 

  



 

 



Ajay Kanoujia
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Tel: 2309 2728

DO No. 110121421201 3-NE-|V

Joint Secretary (L&T Division)
Ministry of External Affairs,
New Delhi.
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MINISTRY OF HOME AFFAIRS

GOVERNMENT OF INDIA

ruonri it-ocx, NEw DELHI - 11ooo1

sub:- lndia-Bangladesh Maritime Delimitation Arbitration

This is to certify that sol-lB-003/E-W Bengal East-west Bengal original Map

on Scale 1,,=g Miles .'gr"O by Sir Cyril.Radcliffe was in the safe custody of the ORR

of the Ministry of Home Affairs up titl 12'n May, 2010'

The map was handed over to National Archives of lndia on 13th May' 2010

vide MHA letter f.fo. f . 1272O1O ORR dated 12th May, 2010.

New Delhi, dated 1sth JulY, 2013
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Note Verbale PM/NY/443/1/2013 from the Permanent Mission of India to the United Nations 
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PERMANENT MISSION Oi: INDIAIOTFIE UNITED NATIONS
235 EASI' 43RD STREET . NEW YORK, N \'. IOO IT

TEL: (2 t2) 49A.966A . FAX: (2 t2) 490.9656
EMAIL: india@un.irrr. . indiaurr@prodigy.net
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PMNY/443fi/2A13 16 July 2013

The Permallent 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 rhe ltepublic of India on l l May 2009,
pursuant to Article 76, paragraph 8 of the United Nations Convention on the
Law of the Sea (1982), to the Commissiorl on the Limits of the Continental
Shelf ("Commission") containing irrformation on the limits of the continental
shelf beyond 200 nautical miles frorn the baselines fronr which the breadrh oi
the territorial sea is measured.

It may be noted that although India has already entered inro a -<enies of
maritime boundary agreements with most of its neighbours. there are srill
certain outstanding maritirne delimitations. Pending anv agreemenr on the
outstanding delimitation bctween India and a State u,hose 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 llom the nearest point from which the breadth of the
teritorial waters of India and of such State is measured.

In the above context, India would also like drarv the attention of the
Commission to the recent ITLOS judgment on Bangladesh vs. Myanmar,
wherein the l'ribunal has concluded that the appropriate rnethod to be applied
for delimiting the exclusive economic zone and the continental shelf between
Bangladesh and Myanntar is the equidistance/relevant circumstancos 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 befiveen the Parties
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contillues in the satne direction beyond tire 200 nm Iirnit o1'l3arrgladesh until it

reaches the area where thc rights ol'third States may be alfer:tecl.

Pursuant to the above decision and in the tight o1'the ongoing Arbitration

tretween India and Ilangladesh under Annex Vll of tlNCt.OS, the outer lirnits

of tlre continental shelf of India beyond 200 M in thc Bay o1'Bengal as provided

by India in its Subrnission to the CLCS rnay have to be modificd. Accordingly

India would be mal<ing an anrendcd Subrnission to thc partial submission o1'1l

May 2009, lollowing the collection and exaurination o1'additional da{ascts

available in the region, so as to be fully consistent iryith the I'|LOS judgment.

The Permanent Mission of india to the tjnited Na[ions avails itsell'of this

opportunity to renew to the Secretary General of thc l]nited Nations the

assurance.s ol its highest consideration.

The Secretary General of the United Nations

New York
(Attn: Division for Occan Affairs
And the Law of the Sea)
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