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South Pacific Regional Environment Programme
Training Unit C1

GEOLOGICAL ORIGINS OF ISLANDS

USE (O THIS UNIT

An understanding of the basic resources of islands must start with o
knowledge of how islands are made and where they came from. This unil
reviews the geological origins of the different types of islands that occur in
the Pacific and gives some essantial principles of their structure. As with all
the units in this section on basic resources, the content of this unit can b
taught in a classroom or demonstrated through examples in the field whenever
these are available. ldezlly both approaches should be used, but the halance
between group study and practical activities in the field will need fto be
adjusted to the level of the participants. For participants with little academic
background, the unit should be taught as far as possible through the study of
examples in the field that demonstrate the geological processes or structures
described in the unit.

[t might assist in the retention of this material to have participants
draw or copy diagrams showing the structure of the different island types,
and perhaps a similar diagram of their own island. If participants have come
from different types of islands, they can each describe their islend to the
group.

More details on coral islands are given in unit C8 Caoral Reefs,

AUDIO-VISUAL SUPPORTS
A slide set illustrating the different island types accompanies this unit.
he South Pacific Commission film "Your Changing Islangd Enviro ment”

includes an animated sequence of diagrams showing the origins of volcar ic and
coral islands.
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EXERCISES

Une or more field visits shoculd be organized in conjunction with this
unit. The features available will depend on the island where the training is
being held, but might include a volcanic crater or lava field, viewpoints where
the form of the island can be seen, the shore line with cliffs or wave-cut
terraces at different levels, coastal beach or rubbie deposits and rcorai reefs,
road cuts, guarries or other sites where a section cut through the topseil and
rock can be seen, caves or rocky outcrops which may show something about
island structure, etc,

Staff from the local Department of Mines, Natural Resourcss or
Geologica! Survey may be able to assist in identifying sites of gec ogical
interest and in explanating local features during field trips.

{(Unit written by A, L. Dahl)
{Version 18/01/85]
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GEOLOGICAL ORIGINS OF ISLANDS

The earth iz a planet in space turning around the sun since it was born
from the sun's fiery heat millions of years ago. The middle of the earth is
still hot liquid rock, although the crust at the surface has cooled down enough
for aoceans to form and for life to develop. &ven though the crust has cooled,
it is not fixed in place; it is made up of plates that slowly move around. Soine
of the plates are of lighter continental rocks that drift around and can collide
with each other. There are also ocean plates made by rock which rises up
from the interior of the earth and ccols, adding on to one edge, and dips
down under another plate at the other edge to melt again in the interior,
rather like a conveyor beit. These movements are very slow in human terms,
but they do lead to important changes over geological time. For instance,
North and South America are moving westward at a few centimetres per year,
but this has been enough to create the whole Atlantic Ocean since they broke

-

off from Zurope and Africa.
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Volcanoes are places where the hot molten rock from inside the earth
comes to the surface and piles up to make a mountain. Many volcances occur
at places where the oceanic plates are rising up or sinking down under
another plate, making what is sometimes called the "ring of fire" around the
Pacific. There can also be volcanoes in the middle of a plate, sometimes at
hot spot where the plate is moving over a very hot place in the earth's
interior. As the ocean bottom or plate moves over the hot spot, this can
produce a chain of volcanoes in a line with the oldest at one end and the

youngest (still active) at the other,
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Types of islands

it is these basic geoloqgical processes that produce the different tvpes
of islands found in the Pacific.

Continental islands are pieces of continental crust that have broken off
from a big contineit and drifted out into the ocean. Because the rock of
which they are maide has come from a continental area, they can have many
kinds of rock of different ages in a very complicated structure. As a resuit,
they have many kinds of soils and may be rich in minerals. Because they have
broken off from alcontinent, they mav have carried with them plants and
animals that lived jon the continent a. the time of their separation. New
Caledonia is a good example of a continental island in the Pacific.

The other types of islands all criginated from the ocean bottom and
were never part of a continent. They all started as volcances, even if the
island as we s2e it today has no volcanic rock left. When volcanic activity
starts, it first builds =z submarine volcano, erupting underneath the ocean
surface. Such eruptions may produce large amounts of pumice, a light volcanic
stone which floats and washes up on beaches all across Lhe Pacific. When the
voleanoe reaches the surface, it becomes a volcanic island. Theses islands are
built of lava, which is liquid rock which spilis out of the voicano an¢ runs
down its sides until if finally cools te make a hard bilack rock, often with
bubbles in it. Volcanoes also produce ash, which is more like sand or dust
which builds up in layers around the volecano. Some volcanic asn can be shot
high in the air and carried long distances by the wind, where it may fall on
other islands.

Voleanic islands can have different shapes depending on their age. A
young volcanic island with an active volcano and frequent eruptions wiil be
shaped like a bread cone or shield with black leva rock thai goes to the
water's edge and lJittle or no lagoon or reef. As the island gets older and
volcanic activity slows and then stops, the wind, rain and waves will start to
erode the island, cutting into the broad shield and carrying away the softer
ash deposits. The best soil will coliect in the valley bottoms and along the
coast. An older voicanic island will thus have jagged mountains with many
valleys and steep slopes in the centre. At the same time a coral reef will
build around the island, making a lagoon. The island may slowly sink as well.
The cld volcanic island will get smalier and smaller until it finally disappears.

KN

Submarine Young volocanic island 0id voicanic isiands
volcano
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However, all 1s not iost fer an old volcano in tropical waters, for while
the wvoleanic isiand is sinking and washing away, the coral reef is growing,
turning the volcano int~ a coral island. The more-or-less circular reef with a
lagoon in the middie left by a sinking voicano is called an atoll. The coral
reef (see unit C8) will keep adding material to the island, which may be piled
up on the reef by storms to make areas of land on the reef. Coral islands are
made of of sand and coral rock that comes from the skeletons cf corals, shells
and some marine plants {algae) and is composed almost entirely of limestore
or calcium carbonate, Such rock is very poor in minerals, and will even
dissolve slowly in fresh water.

If the sea bottom rises again, a coral reef or atoll may be lifted out of
the water, making a raised coral island, with a platform (the old reef and
lagoon) several tens of meters above sea level. Where the rain falls on the
raised coral rock, it will disscive some of it leaving sharp jagged shapes and
even making caves deep in the rock. Islands like Lifou, Makatea, Nauru, Niue,
Rennell and Tongatapu are raised coral islands.

Phe islands as we know them today may be classic types like one of the
above, but more often they are mixtures of different geoclogical structures.
There are often raised reef areas on continental or volcanic islands. A lava
fiow may cover up a former lagoon or reef. A raised coral island like
Tongatapu may be covered with rich soil from volcanic asihh deposited on the
island by nearby volecanoes.

The history of many islands has also been marked by changes in sca
‘zvel and the rising and falling of the ocean bottom. These may cause islands
to be partly covered up or even drowned entirely, then uncovered again. When
the sea level fell during ‘he ice ages, many islands were more uncovered than
they are today. Sometimes terraces cut by waves in the shoreline above sea
level or in the reef below sea level show where the water level was at
different times in the past.

The knowledge of the qeological history and structure of an island is
important to understanding its environment and natural resources. It is the
geology that determines the presence of minerals and the possibilities of
mining. The geological structure has an important influence on ground-waler
resources and thelr behavior, it is the island rocks that determine the nature
and composition of the socils. All of this is important to knowing what kind of
environimental impacts to expect from a development preject.
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QUESTIONS -
What kind of an island de you live on?
Is it a mixture of several kinds of geological structures?
What kind of rock did your island soils come from?
Can you tell the story of the crigin of vour island?

What do you think will happen to your island in the distant future?
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Island Types in the Pacific

SLIDE ST

This slide set illusirates the major types of islands in the tropical Pacific as
determined by their geological origins.
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SILTDE

Title

Continental island

Volecanic islaod

Croded volcanic island

sMountatnous interior

Black sand Leach

Fringiog reef

DESCRIFTION

There are four majur kinds of islands in the
RPacific, although any individual island nay
be intermediate between or a mixture of two
or nore Lypes.

Continental islands are made largely of
continental rocks, and are on a piece aof
continental plate that has separated from
one of ths big continents. They are usually
mountainous, as this view of New Caledonia
shows, and their geoviogy is very complicated.

when a volcano grows up to the surface from
the ocean bottom, iU makes a volcanie island.
A young velcenic island ig shaped like =«
shield o. cone as this view of Tahiti shows.
Usually there are one or, more voleanie
craters i the middie  from  which  the
eruptions of lava and ash build the island if
the volecano is still active.

When a voleano stops erupting, the rain and
waves start to wash the island away. The
soft outer ash and rock wash away first,
leaving the harder rock in the centre of the
valeano sticking up very steeply. In the
distance you can see iMoorea, which is an
eroded voleanic island.

The middie of an eroding volcanic island may
have steep mountains and narrow  valleys.
This is a view of the centre of Tahiti.

where the ocean wasties directly sgainst the
voleanic island, it makes black sand beaches
fram the volcanic rock, as here on |ahiti,
Usually, however, a coral reef starts to grow
around the island. A fringing rect like this
nne around Raretonga produces white sand
for the beaches.
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Lava cliffs

Barrier reef

Atoil

Haised corat istand

Coral island
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f the voizano is still sctive, the lava may
gven run out over the fringiag reef. This s
what happened here in Western Samoa.

Tre res” around the island 'will continue to
grow a8 the volcano washes away or slowly
sicks., As the volcanic island gets smaller,
the res! becomes a barrier reef with a
lagcon between it and the isand. Sometimes
low coral 1siands may be made by sand and
rubble thrown up on the reef by waves, @s
has nappened here on Watlis.

Wwhen the reef keeps growing and  the
vqicaﬂiﬁ istand  disappears entirely, the
parrier reef and its low istands left around
an empty lagoon, mzking an atoil like
Butaritarl in Kiribati. Some atolls are very
old. with reef rock hundreds of metres thick
oo top of the old voicano.

(f the ocean bottom rises, s coral reef or
atoll may be lifted out of the water to inake
a raised coral island. These islands often
have a lower area in ihe middie that used to
be the lagoon, and a higher coral rim with
steep cliffs dropping down to the sea, as
here on Niue.

Sinee ratsod coral washes away siowly In the
raln, such raised islands as these in Palau
are very jagged and fuil of holes and caves.
Volcanic or continental islands may also have
reefs that hove been lifted up to make raised
coral piatforms.
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South Pacific Regional Environment Programme
Training Unit C2

WATER AND THE WATER CYCLE

USE OF THIS UNIT

Water is essential to life and therefore to the environment. Many
environmental problems are associated with water in cne way or another. This
unit explains why water is so important, and how it comes to and moves
through the island system.

We have contact with water in our daily life in so many ways that we
seldom give it a thought. As part of this unit, the participants should try to
think consciously about the water all around them, and fit the different parts
of their experience together into the water cycle. They should try to follow
the water through all the parts of the water cycle in their mind.

Each participant can be provided with the text and illustrations, or the
information can be presented to the group with the aid of large scale
drawings in front of the group on a blackboard or with felt pens on large
sheets of paper. It may help to have each person copy the diagrams.

AUDIO-VISUAL SUPPORTS

The South Pacific Commission educational film "Your Changing island
Environn :nt" includes diagrams explaining the water cycie.

EXERCISES

The general principles in this unit need to be applied to the specific
local situations of each participant's home area. If visits to some of these
areas are possible, then they should include the water catchment, an
examination of the local water supply and distribution system, and possibly a
look at where the water goes after it has been used.

The participants can also prepare diagrams of the water cycle in their

own village or area, including the specifics of their aown water supply.

(Unit written by A. L. Dahl)
[Version 06/03/85]
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TEXT

WATER AND THE WATER CYCLE

Water is one of the most commen substances on the planet, The sea is
made of water; the land contains water in many forms; the air contains water
vapour which makes clouds and rain. Gur bodies are made mostly of water,
and if we do nol drink water or other liguids containing water every day, we
can quickly die of thirst,

All living things depend on water, including plants, animals and even
microbes. Where there is no water, there is only a barren desert of rock and
sand.

Water has qualities wnich make it a good material to support life. It is
liquid at the right temperatures for most things to live. It can absorb lots of
heat, and thus helps to even out extremes of hot and coid. Many things wiil
dissolve in water, so that water can wesh things clean or wash them away, or
let many things be mixed together. In this way, the many substances that
make up life can come together in water. This quality can be useful, as when
it permits water to bring mirerals to plant roots, but it can also be bad for
the environment when water becomes a carrier of pollulants,

Most water on earth occurs in the sea. In the hundreds of miilions of
years that the sea has existed, many salts have dissoived and collected in it.
There is too much salt in sea water for most land plants and animals to be
able to use it. Life on the land needs iresh water without much salt, and this
water comes through the water cycle.

The water cycle

The water cycle describes hiow waler moves from the sea to the air to
the land and back to the sea agsain. The energy from the sun heats the ocean
surface causing evaporation, which is when some molecules of water escape
from the water's surface and become water vapour in the air. The salts stay
behind in the sea. The warmer the air is, the more water vapour it can hold.
As the sun shines and the wind blows over the ocean, the air warms and
becomes full of water vapour. Warm air tends to rise, or it may be pushed up
by passing over an island or other land. As it rises it cools until it can no
longer hold all the water vapour in it. The water vapcur condenses Lo make
tiny drops of water which we see as clouds. If these smzll drops get crowded
and keep bumping into each other, they become larger and larger untii they
are heavy enough to start falling as rain.

Some rain falis back into the sea, bul much of it falls, on land. What
happens to it there depends on the nature of the land and the environment. If
the land is sloping aznd unprotected, the rain water runs quickly down hill into
rivers or streams and back mnto the sea.

If the land is covered by plants and trees, the fall of the raindrops is
softened by the leaves and branches. The plants, dead leaves and soil sogk up
the water like a sponge. Some water is taken up by the plant roots and
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evaporated through the leaves, and some evaporates directly from the soil,
going back to the air. Some of the water runs off the land, but more slowly
because of all the plants. It feeds the streams and rivers and keeps them.
flowing, More of the water has time to sink dewn into the ground where it
becomes ground water that supplies springs and wells. The ground water also
moves very slowly down hill until i£ too returns to the sea, completing the

water cycle.

THE WATER CYCLE
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Thus the amgunt of water that stays on the land, and the speed with
which the water cycle is completed, 'epend on the quality of the natural
environment. In the islands, the water behaves differently depending on the
kind of island and i's structure.

p e o i N ﬂ, , {
\,\;;Ground Water - , / >



Surface and ground water on different island types

If the land is continental or of old volcanic origin, there may be layers
of rock or clay in the ground through which the water cannot pass. The
movement of the qround water can therefore be very complicated, with (he
water maving over or collecting between these layers as it feeds streams and
springs. A new voleanic island may have many tunnels, holes and lavers of ash
through which the water can seep away very quickly. Such islands mey not
have any streams that flow except in heavy rains,

{2

F N5 . - .
New volecanic island

‘ // If the land is made of coral rock or sand, as on an ato!! or raised coral
isiand, there are many ho'ss so the rain water sinks in very quickly. On such
islands, the sea water goes right through the island, and the fresh water,
which is lighter because it has no salt in it, floats in a layer on top of the
sea water., The fresh water layer may be like a lens, thicker in the middle and
thin at the edges, where it gradually flows into and mixes with the sea water.
On such islands, the waler level may even rise and fall with the tides.

Raised coral isiand

Water suppiies

People living on an island may gel their water at different points in the
water cyele, Sometimes the rain is cauqht directly on roofs or other surfaces
and stored in tanks or cisierns; it is important to store enough water Lo last
through any period without rain. Where there are streams or riversthat flow
all vear round, the water mav be taken directly from the stream as needed. if
the stream stops flowing in the dry season, then a dam or reservoir will be
rieeded (o store encugh water for the dry period.
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Rainwater catchment Stream catchment

Ihe ground water may be an important part of island water supplies,
either through natural water holes or springs, or through wells dug down Lo
the leve! of the ground water. Where wells provide water, they must be used
with care. The capacily of a well depends on how much ground water there
is, how rapidly it is replaced by new rain water sinking into the ground, and
how guickly the water can move through the ground to replace what is taken
from the well. If 2 well is near the sea, pumping out too much water may
cause sea water to be drawn into the well. If a well on a coral island is too
deep or is used too much, it may pull up salt water from underneath the fresh
water jens. Once a well becomes salty, it is very difficult to get it to
produce fresh waler againg a new well will be needed somewhere else,

GROUND WATER SUPPLIES
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[t is important to remember that the amount of new ground water and
the flow of rivers and streams all depend on the proper protection and
management of the environment at the surface. If the plant cover is changed
or the land is developed, the water supply of the area may be affected.
Many islands now have water shortages they did not have before because of
damage to the environment in places where the rain water is caught.
Remember also that ground water, like surface water, tends to flow from the
middle of the island towards the coast. Water supplies and wells should
therefore be inland of anything that might pollute the water.

Each island is different and has its own special characteristics
affecting its water supplies, but the general principles described above should
nelp you to understand why the water behaves as it does in any local
situation. Water is one of the most important island resources, and it must be
manaqed carefully if it is to be protected.

%y
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QUESTIONS
where does the rain come from?
Vhere does the water on your island go to?
What would happen to your island if the rain stopped?
What does the forest do for the water?
Whnat kinds of water supplics do you have on vour island?
Is there ennugh water?
If not, why not?
What could be done to make more water available?
Has develupment created any problems for your water supply?

What needs to be done Lo protect your water supply?
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South Pacific Regional Environmant Proaramme
Training Unit C3

SCILS

USE OF THIS UNIT

This unit introduces one of the mest basic natural rescurces: seil. It s
important that this unit be well understood, as soils are 's?mi‘ic:mt to many
environmental problems, and a basic knowledge of soils is necessary for many
of the units that follow.

The text should be covered in one or more group sessions, using the
poster and any other audio-visual supports that may be av).l\:ele. viost
departments of agriculture have someone with a good knowledge of soils who
cauld come and discuss local soiis and soil problems with the group.

AUDRIO-VISUAL SUPPORTS

The poster-sized Envirenmental Fact Sheet on scils accompanying this
unit can be put on a wall or passed around to illusirate the main points on
this topic.

If soil maps or land use maps are avaiilable for your country, they oan
be used to help each participant relate the soils he or she knows from
personal experience to the overall soil patterns in the country.

A video-cassette "Understanding soil” is availlable {rom the South

Pacific Regicnal Environment Programime to illusirate this unit. It shows very

Jmply the composition of scils and their properties, how soils are made, how
they are lost or degraded, and what can be done to protect or improve them.

The South Pacific Commission educational film "Your Changing Island
Fnvironment" gives simple diagrams of nutrient cycies and soil loss for school
use.

EXERCISES

A field trip to give first-hand experience wilh differént scil types and
soil management problems is.the best way to present ths material. Tiw
trainees should look at, dig up and examine as many different types of soil as
are readily available. Soil profiles can often be observed at road culs or
construction sites. Areas of undisturbed forest soil, recently cieared soil, soll
subjected to heavy use, pasture land or savanna, degraded socil, and soil
erosion should be visited if possible. An agricultural officer, instructor or
extension worker might be able to accompany the group to provide detailed
local explanations.
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SUPPLEMENTARY MATERIALS

Depending on the nature of the training programme, related
erasion and soil deqgradation, scil analyses, and agriculture and
impacts, could be vsed to supplement Lhis unit,

(Unit written by A. L. Dahi)
[Revised 16/06/85]

units Gn
forestry
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SOILS

The soil is one of the most important resources in any country or
island, for it is ‘he basis of all agriculture. All our important crop plants and
trees require soil, as do the forests, grasslands and other kinds of natural
vegetation that clothe our islands. The nature and quality of the soils
determine island productivity and development potential. Unfortunately, soils
do not always stay the same. They can be improved, but usually if they arc
neglected or misused, they can detericrate and lose their good qualities. It is
therefore important to learn something about soils and how te care for them.

Origin of island soils

There are three kinds of islands in the Pacific, continental, voicanic
and coral, and each has its own particular kinds of soils. Continental islands
are fragments of rock separated off from a big continent like Australia. They
usually have many kinds of rock, and thus many kinds of soil. Volcanic islands
were built by moiten rock (lava) coming up through the earth's crus*; the lava
either pours out and becomes reck, or is blown out and forms ash or loose
sandy material. Coral islands are built of the accumulated skeletons f marine
animals {(mostly corals} and plants (corailine algae). These skeletons, like our
bones, are made of calcium carbonate which makes limestone.

When rock is exposed to the weather and to attack by piants and
animals, it breaks down very slowly to make soil. The qualities of the :=oil
depend on the rock it is made from. The quantity of soil depends on how old
the 1sland is and how long it has been exposed to weathering.

Good soil is not just of mineral origin. It also contains organic matter
from dead plants and animals. Leaves and other dead things fali on the ground
and decay, leaving tiny fragments that are mixed with the scil. Rich soil also
contains many living things: microbes, molds, worms, insects, algae, etc. This
soil community keeps the ground aerated and mixed, breaks down dead
material to release their nutrients, end sometimes even fixes nitrogen to make
nitrate fertilizer.

Forest scils are especially good because the dense cover of living things
builds up a ricn scil layer, but these good qualities may not remain if the
forest 1s removied. Many tropical forests hold their nutrients in the plants; any
nutrients lost from decaying material is immediately taken up again by the
dense root systems at the surface. I[f the plants are remcved, the nutrients
may quickly wash away.

Gualities of good soils

A good soil for agriculture or other human uses should have a number
of qualities regardless of its origin. Physically it should be a good rootino
medium, neither so hard and dense that roots cannot grow through it easily,
nor so loose that they pull out easily. It should have avasilable adequate



guantities ot the basic plant nutrients: nitrogen, potassium and phospherus.
The trace innerals should also be present and well baianced, without any high
amounts thal might be poisonous. [t should be neither too acid nor too
alkaline. A good scil should also contain crganic matter or humus, as this
improves the texture and waler-holding capacity of the soil, and assists in the
avatlability of nutrients. Finally it should have a community of living
organisms: bacteria and fungl to break down rotting matier and release the
nutrients  in ity fungl Onycorhyza) thal help some plant roots take up
materials; nilrogen fixers that take nitrogen from the air and convert it to
chemical forms avatlablie to plarmts; worms and other animals that asrate and
rework the soil; etce.

Problems of soil degradation

Even a good soil may not stay that way if the conditions under which it
was formed are changed, such as by cutting down the forest. One of the most
important aspects of agricuiture is learning how to keep a good  soil
productive, The following are some of the problems that can destroy scils in
the Pacific Islands.

When plants or croons sre grown in 2 spil, their rocts take up nutrients
and minerals needed for plant growth. If the plant dies in place and rots,
these materials return to the soil, but if these plants of parts of them zre
harvesied and taken away, those materials are lost to the soil. The mare
intensive the agricuiture is, the more is lost from the soil. The organic matter
in soil is also constantly being broken down or wsed up, and harvesting a crop

takes away nr('mw matier that would normally qo to replace what has been
lost. This is why farming exhausts the soil, and the soil needs to be "rested”
or left in faliovr to recover. A poor soil may be exhausted after a single crop.

Using fire Lo cizar the land or burn weeds also damages the soii. At
first things may seem te grow betler because nutrients in the plants are
gquickly made available n the ashes, However, these nutrients lying on the
surface are alse more easily blown away or washed away by the rains, finaliy
lesving the soil poorer than it was before. Burning also destroys the dead
leaves and reotting wood that would go o replace the organie matter 1n the
soil; it can even burn the organic matter and the useful soil animals in the
top layers of the coil itseif. The result is a soil that can no longer hold water
or nutrients and that dries out quickly.

{n nature soils are almost always covered by forest, grassland or other
kinds of plani cover. If this protective layer is removed (by logging, clearing
for agriculture, construction, forest fire, eig,), the soil is exposed to erosicn,
which is the removal of the soil by water or wind., When the scil is dry, it
easily turns to dust, and the wind can pick up the soil particles and carry
them away. On an island, this dust is usually carried cut to sea where Il is
lost.  The rzin falling on the bare soil also loosens it, making mud or muddy
water that runs off the land, carrying the soil away. The running water itse!f
is no longer slowed by plants, and cuts into the land, making ravines and
qullies. In extreme cases all the soil can be washed away, leaving bere rock,
but more eften only a little layer is lost each year, and people do not realize
that their good land is disappearing.
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fCrosion can coour aven on flat land, but it is madse much worse whoen
the land is sloping. The steeper the slnpe, the greater the danger of serious
erosion, and the more difficult it is to apply effective control measures.

A little erosion is natural and normal, but it is usually very slow and
the soil Jost is replaced by the naw soil that is slowly bul constantly being
made.  When the natural plant cover is damaged or the land is developed,
erosion qoes mach faster and this balance is lost.

Ereosion not only damages the land, it hurts cther resources as well
mud and silt washed off the land become a pollutant, dirtying streams
water supplies, filling up dams acd harbours, snd smothering lagoons and cors
“.\L\‘S

Certain kinds of tropical soils are-also subject to laterization. The heat
nf the sun on the bare soil, combined with the rains washing out certain
minerals, leads to chemical changes turning the soil into s hard rock-hke
pavement almost like concrete,

inappropriate cuitivation techniques can alse damaage ceripin seils. Ui
Mive where a thin volcanic ash soil rasts on a coral limestone hase, disking
mixed the limestone wilh the soil, reducing s acidity and damaging its
fertiity. '

Some jow-lying island socils and agricueltural areas are -vulnerable to
salinization cr contamination by salt-water, either by flooding by the ses
during storms or by sea-water infiltration inte the ground water die Lo
drought or overextraction from wells.

Urbanization resulis in & significant loss of areas of productive sociis
since many towns and villages are located in the best agricuitural are
Spreacing roads, houses and industrizl developments eal up land formerly used
for agriculture. r

Signs of so:l damage

.

A close look ab the soll wiil often show signs of whal s happening Lo
it. If there is still some well established forest near by, dig a little and lock
clasely at the forest sotl, and then compare it with the soll outside the
forest, The first sign of soil degradation is the disappearance of the soft
moist layers of rotting leaves or humus, As a soil loses its humus, it gzis
harder, often lighter in zolour, and dries out more rapidly.

/

A soii that is exposed to rain will lose its smallest tinest sotl particles
first, If erosion carries away the fine soil, a thin layer of sand and pebbles
may be left on the surface. Such a layer. of coarser grains, sometimes left i
rows or streaks sorted by size, is a good sign of water or wind. erosion.  In
areas of recent rapid erosion, such as newly cleared or worked land, rocks or
pebbles in the soil may be raised up on little pedestals where they have
protected the seil under them while the sotl around them has washed away.

. The height of the pedestals wili give some idea of how much soli has been

lost.
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As erosicn gets heavier, especially on slopes, the running waoler may cut
gullies or ravines in the soil. As the water washes soll out of the bottom of
the gullies, the sides and top are gradually undercut until pieces break off
and fall in. Such qullies can thuys creep gradually up hill, eating nito the land
and destroying the vegetation and the land surface. Similar erosion can
sometimes be seem where road cuts, other construction, or mining have cut
into hills or slopes. Plants and trees with their roots exposed are @ sign of
this tvpe of erosion. '

Trends in island soils

The review of the state of the environment in the South Pacific
conducted by the South Pacific Regional bLavironment Programme
demonstrated that problems of soil erosion and loss of soil fertility occur in
nearly every country of the region. Since the natural processes of soil
formation are very slow, this means that island soils are -steadily losing their
productivity. Soil productivity is essential for agriculture, so the ability ol
the land to provide food and other materials is decreasing at the same time
that the needs, both for development and often for a growing population, are
increasing.  Uniess the decline in soils is stopped, the future will not be very
bright.

Niue is one country where it is possible tu estimate the speed and
importance of scil degradation. Two land surveys were made in 1949 and 1971,
and each estimated the amount of degraded land among other uses. The
percentage of the island surface on which the soii was classified as deqgraded
increased fram 20 to 45 percent in the 22 years between the two surveys, OUn
a small island where resources are limited, such a loss is of great importance,

Imported agricultural technigues are not always well adopted to tropical
island conditions, and can thus unintentionally speed up soi. damage. [t has
been estimated that much cof the productivity of the land \n New Caledonia
was destroyed in the first 50 years after turopean colonization, primarily as a
result of extensive cattle grazing and the abandonmert of traditional
agricultural systems. There is evidence that many islands in the region have
suffered similar problems.

Since agriculture is an essential support for most island societies, the
trend towards continuing and sometiies increasing scil loss must be reversed.
This will require both the better management of existing soils to prevent
further degradation, and measures to restore degraded lands to productive
use. It will not be possible Lo achieve instani resuits, but future generations
will praise the foresightedness of those who make the effort today.

What can you do to mmprove soil?" " o

vince much soil damage occurs when the soil is exposed to sun, wind
and rain, keep the soil covered by plants as much as possible. This might
involve planting in strips or mixing complementary crops; using appropriate
ground covers, some of which actually improve the soily plating along
contours on siopes, with retaining walls, stone-lined channels and other works
to prevent ercsion in heavy rains; using wind-breaks and other shetter
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plantings {0 prevent wind and rain demage; agroforsstry in which tree
plantings wre mixed wiih other crops, etc. .\/‘:an) of these technigues were
already in use in traditional agricuiture, where the importance of preserving
the soil was widely appreciated.

Good secil is rich in organic matter, but this is quickly lost in the
tropics wuniess it is continuousiy replaced as b is in the forest. Where jand is
developed for cther uses, it s nevessary to add organic matter to the soll
Leaves, trimmings and cther plant material can be composted, or put in a pile
with the proper conditicns for ibs rapid conversion into hurn.:::, which can then
be added to garden soil. '_ut grass, straw, icaves and other materials can be
ieft on the surface of the ground as a mulch to protect the soli; this can then
be worked into the soil later when it is pr.,;m.eli for replanting. Even scaweed

ast up on the beach can be added to soil once the salt is rinsed oul.

Any crop will remove some things from the seoil, but differeni crops
have different requirements. 50il is exhausted much more rapidiy by growing
the same crop over again than by rotating crops with complementary
requirements.  Many island secils need to be lzft in fallow to recover their
fertility, or to be planted in a lequminous crop that fixes nmitrogen. Chemical
fertilizers can be used to maintain essential nutrients, hut they are seldom &
complete replacement for what is removed b" a crop, and do not prevent somoe
solil degradation.

Burning weeds or brush to clear the land shouid be avoided wherever
possible for the bad effect it has on the soil. The heavy use of pesticides ran
also poison the soil flora and fauna which are important te maintaining Its
fertility and structure. The use of such toxic chemicals should be kept to a
minimum, and the instructions of the manufacturer or agricuviture deparument
should be followad wilh care.

Good land use planniig can also help to protect and inaintain good seils.
Soils very greatly in their addptabthty to difierent uses and different crops,
and much soil daimage comes from using the soil for the wrong purpase. A soil
that is zdeqguate for forest or tree crops may be destroyes by attempls Lo
grow inicasive cash crops or root crops. Sloping land nay be best planted in
tree crops, or terraced Lo control erosion. Important watersieds should obe left
in forest to pratect walor supplics. The different needs of the istand need to
be carefully balanced against the resources available in order Lo encure 5
sustainable future,
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QUESTIONS
Where did the soil on vour island come from?
How was il made?
Was the land once covered by forest?
How much of the forest is left?

1

Is & lono fallow with forest regeneration stil. important to keep vallun
qardens productive?

Is there anything important missing in your soils?
Are chemical fertilizers or supplements used on your soils?
Are organic materials like plant cuttings or compost used in local gardens?

Is lhe soil left bare when the land is cleared, or are cut weeds or leaves l2ft
to protect it?

Is the land burned to clear it?

Are there sotl erosion problenmis?

How uch has the seil changed since your grandfather's time?

What will the soil be like for your grandchildren if present trends continue”
How much land on your island is degraded (not good for anything)?

What are some of the things you can do to solve local soil problems?
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The soil is one of our most valuable
resources.,

Ihe plants that cover the land depend

Oft L.

Qur forests, agriculture and food
plants all depend on the soil.

What is soil?

It is the layer or more or less loose
material that covers the rock which
makes the land.

If you look clesely at soil, you wili
see it is mostly made up of mineral
particles of different sizes, including
rocks and gravel, sand, and fine silt,
mud or clay.

Another important part of guod soll is
the humus or organi¢ matter that
comes mastly from dead and rotting
plant parts like leaves and wood. The
humus helps to hold water and makes
the soil rich and easy to work.
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HOW SOU_S ARE MAD
Rocks

Weathering rock

Waves along shore

Snails

Sand and rock on shore

nrass in cracks

Shrub
Plant roots in rock

forest

Leaves falling, rotting wood

Diagram: Nutrient cycle

Understanding Soil

)

To understand soils, it helps to know
how they are made.

The kind of soil depends on what sori
of rock it eame from.

Rock may seem hard and resistant,
but the weather, heat and cold, wind
and rain gradually break down the
rock into smaller and smaller pleces.

Along the seashore the constant
action of the waves also helps to
break down the rock,

and scraping animails break off bits of
reck while eating, making sand which
may pile up on the land.

A soil starts with these tiny pieces of
rock and sand, but it is plants, and
particularly the forest, that turn the
bits of rock into good soil.

First smail plants start to take root.

As the soil gets deeper, larger plants
can start to grow,

and plant roots work deep inta the
raock, drawing up nutrients.

Eventually trees come (o make a
forest. The forest builds the huiaus,
or dead plant material, that is so
unpertant in a good soil.

The leaves that fall, and the dead

plants, build a layer of rich topscil.

Plants and trees grow, making wood
and leaves which eventually die and
fall to the ground. As they rot, the
plant food in them can be taken up Dy

. the plant roots and used aqgein by the

forest. This recycling keeps the forest
rich and productive, . it may take
hundreds of years for the forest to
make good soil.
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Diagram of socil section

Soil section

LOSS AND DEGRADATION OF SOILS

Agricultural field

forest, pan to garden

Diagram of humus in soil

Ants in soil

| eaves in forest

Hare soil in garden

i/

DCeep in the ground is the rock irom
which the soil came. Closer to the
surface, the rcck has broken down
making the sub-spil that 1s mostly
mineral. The top-soil is usually darker
from the bhumus that makes it rich,
and is alive witn animals, molds and
micrabes,

if you look at a road cut or a hole at
a construction site, you can see the
soil profile, gcing from the dark
top-soil down through the sub-soll to
the rock at the bottom,

When we use tnpe soil, we must be
careful of those things that might
damage it.

As long as the original f{orest or
vegetation that built the soil s
present, the soil will remain good, bul
when the forest is cul or disturbed,
the processes that buill the soil are
interrupted,

One of the most iwportant and fragile
parts of a soil is its humus, Llhe
organic material from dead plants and
animals that holds water and makes a
sot] rich and productive. This humus is
constantly being broken down by the
animals, molds and microbes in the
soil, especially in the tropics where
everything qoes faster because it s
Warin, .

As these ants show, a healthy soil is
a community of many living things,
most of which feed en the humus,

In the forest, the humus is constantly
replaced,

but once the forest is.qone, less new
plant material is added to the soil.
The humus will graduaily disappear,
and the scil will be poorer and dry
out faster. The reserves of plant
nutrients may be carried away with
the crop,
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Water in guliies

Muddy river

#ield, pan to side

‘
or they may be washzd away by the
rain, since there are fewer roots to
cateh and hold them.

An exposed soil may be compacted in
the rain and sun, losing its humus so
that it is hard {or plants to grow.

The worst thing that can happer to a
soil 'is  erosion, when the soil s
carried away and lost completeiy from
the land, leaving only the bare
sub-soil or rock behind, Erosicn can
happen in several ways. If the soil is
dry and exposed,

e wind can pick up the dust on the
surface and carry it away.

However, in the tropics it is water
that causes the worst soil erosion. In
the forest, the ieaves protect the soli
from the force of the rain, as anyone
amows who has stood under a tree for
shelter.

‘Wwhen the forest is gone and the land

s cleared, the rain drops fall bard on
the bare soil. :

They loasen the soil particles and
wash them awavy.

tw harder the rain is, the more soil
is lost,

The water running off the bare land
cuts intgc it and carries away even
more soil.

it makes qullies that eat into the
noaod soil. :
Even worse, what was once good soil
beecomes mud and sili that pollutes
streams and coastal waters.

Try looking closely at the scil in your
fields and gardens. You can often see
the telltale signs of erosicn.
Sometimes there will be a layer of
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Sravel from sheet erosion heavier sand and |gravel on the
- surface where the firfre socil particles
have washed away evenly. Watch for

small rocks standing asove the

Rock on pedestals surface on little pedestals of soil.
Diagram of rock on pedestal Such rocks were originally buried in

the soil. The rain falling on the
ground washes away the soil from
around the rock. As the rain cuts
deeper, the rock protects the soil
under it, while the rest continues to
wash away. Eventually the rock is
left standing on a little pedestal of
sotl. You can see from the height of
the rock how much soil has been lost.

Manioc, pan to sotl This field of manioc has not bLeen
cleared very long, but already several
centimetres of good soil have been
lost to eragsion.

Badly eroded land Eventually all the soil can be carried
away, leaving a barren wasieland
behind. You may know of piaces
where this has happened, and the land
is no longer any good. Any loss or
degradation of soil means the
destruction of one of our most
precious resources, especially on
islands where land is so limited. This
is one of the most important problems
today in the island environment, and
in other parts of the world it causes
suffering, famine and death.

SOI. CONSERVATION AND IMPROVEMENT

i '“.old WIUI Creps ‘kll. can l(adl!‘ l[] use UIC n)Ui] Lillni btlll
p
pl DtBCt IIIOot 0‘ its gOOd quallt“,-r.

Forest To do so, we must try to do what the
forest did before.

3are field The bare fields of European

agriculture are not so wise in the
tropics.

Garden with cover Here it is often best to keep the soil
covered as much as possible to
protect it from erosion and drying
ocut. Every effart should be made to
add organic matter such as leaves
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Different crops
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Understanding Sotl

or compost to replace the humus that
is always being lost. The rule should
be to try to put back as much @5 vou

take cway from the land.

Sometimes chemical fertilizers can
help to replace what has been lost
froin & soil, or even to make it
better, but they never replace
everything.

Turning the soil or plowing may
improve aeration and control weeds,
but it can lead to erosion. There are
ways to protect the soil and prevent
arosion,

Terraces can slow water runoff on
hills, and trees planted as wind-breaks
can keep the land frem drying out or
blowing away.

Where the forest has been cul, new
trees can be planted to hold the soil
and to repiace the valuuable resources
of the forest,

Even in cases of very bad erosion, it
may be possible to plant trees and
gradually rebuild the protective cover
of vegetation.

The erosion scar on, this hillside is

o mnost hidden by the new forest that

has been planted to protect the slope.
|

In traditional agricul ure, the forest
was often left to grow back and
restore the soil.

Today, rotating different crops and &
good choice of crops can slow Lhe
deciine of a soil.

Think about the future, Your soil is
fragile and needs tc be taken care of
for the sake of your children, You
should try tu pass it on to them as
good as, or even better than, you
found it.
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South Pacific Regional Environment Programme
Training Unit C4

FORESTS AND THEIR ECOL OGICAL IMPORTANCE

USE OF THIS UNILT

Forests are or were an essential part of most island ecosystems, and
this unit explains the roles they have played and should play. The text
explains how forests work, what their importance 1is, and how they are
threatened. The text can be read individually or presented to the group as
one or more lectures. The group should then discuss how the different points
apply to their own island and forest areas.

This wunit can be wused independentiy in areas where faorests are
important or where farestry projects are being considered.

The content of this unit will be of greatest interest on larger high
islands. It will be of less interest to people from atolls ar islands where the
forest was destroyed long ago.

AUDIO-VISUAL SUPPORTS

The SPREP slide programme on forests shows the impartance of forests
using Solomon Island examples. The Unesco Man and the Biosphere slide
programme "Man and the Humid Tropics" (MAB Audio-visual series 1),
illustrates the use and misuse of tropica! forests around the world, although
its references to MAB activities will be of less interest in this region.

EXERCISES

The best supporting activity for this unit would be a visit to a natural
forest area where the different roles of the forest can be explained and
illustrated with real examples. If possible dig a hole in the ground or look at
a road cut bordered by forest where the relationship between the farest and
the layers of soil development can be shown.

SUPPLEMENTARY MATERIALS

For a listing of the different kinds of forest found in each part of the
Pacific Islands, sce the "Regional Ecosystems Survey of the South Pacific
Area™ by Arthur L. Dahl, SPC Technical Paper No. 179 (1980), available from
the South Pacific Commission, Noumea, New Caledonia. Using the survey, it
should be possible to discuss the kinds of forest in each trainee's own area.

{Based on materials by A. L. Dahl and R, Cheshire)}
[Revision 06/03/85]
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TEXT

FORESTS AND THEIR ECOLOGICAL IMPORTANCE

Wherever there is land and enough water, seeds will be transported and
plants and trees will start to grow. In time, if conditions are right, a forest
will become established. Almost all land in the tropics was originally coveres
by forest, and the islands are no exception. Small remote islands have simple
forests of only @ few species, while larger islands snd those nearer Lo
continents have richer forests.

In the Pacific Islands there are many differeat kinds of forest. Larger
islands usually have a lowland rain forest with many kinds of trees, some very
tail and others shorter. Since these forests grow on the best and most
accessibie land, they are often cleared {irst for agriculture, villages or other
uses. If there are mountains, different kinds of forest with shorter trees and
more undergrowth may orow higher on the mountainside. Mountain tops and
ridges that are kept wat by the clouds may huve a cloud forest with many
mosses and other plants growing in the trees. There can also be bamboo
forest, swamp forests, and riverine forests along river banks that are
frequently flooded. in greas where the rainfall is seasonal, there mey ve
forests that lose their leaves in the dry season. A special kind of atolt/beach
forest occuts of atvils and on the coral rock and sand behind beaches; 1t is
made up largely of trees that have ficating seeds or that are sall resistant,
Manqrove forests thal grow in sea water are discussed in a separate unil.

How the forest works

The forest is made up of trees, plants and antmals that together make
up a complicated and productive system. The plants and trees take water and
minerals from the ground, carbon dioxide from the air, and energy from the
sunlight in order to grow, producing more and more plant material (icaves,
woad, roots) as they do so. Many animals and insects feed on the piants or on
the dead materials they leave behind. Finally molds and microbes (bacteria)
eat what is left and return the minerals to the scil. Thus all the life in the
forest depends on the treesy if they are gone, much less food will be produced
for everything else and the system will be less productive. The lrees also
shelter and protect the other life in the forest.

Wwhen @ forest tree dies or falls over, its place is quickly taken by
young trees or tree secds waiting underneath.  Some liees are better st
growing quickly in open oreas where there is sunlight, filling in any gaps in
the forest, OJthers may grow more slowly, but they often grow taller and
eventually doiinate tie other forest trees.

Msny trees depend on birds and insects in the forest for the:
reproduction. Bees, moths nr other insecis qo from tree to iree fertilizing the
flowers. Birds or bats that feed on tree fruits may also carry the seeds away
from the parent tree to places where the young trees will have a better
chance to grow. If the insects are killed by pesticides, or the birds are all
shot by hunters, some trees may graduaily disappear from the forest because
fewer young unes will grow up to replace the old ones.
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This is why the forest is called an ecosystem, because each part heips
the others and also depends on the others. If something hurts any part of the
system, the other parts will also be affected.

Benefits of the forest

he forest brings many benefits to the island and its people. In many
ways it is the forest that made the island into a place where man can live.

The forest changes lifeles& rock into a living island system. Originally,
the Pacific islands were volcan(}\{. There was just rock and sea and wind and
sun. Over thousands of years the plants and animals of the forest came to the
island and changed the rock and sea and wind and sun into a living cover of
green. The forest grew slowly. First some plants came which were very strong
and could live on the hard rock. Slowly other plants and animals followed. The
forest which covers the island today is thousands upon thousands of years old.
You can cut down some trees and not hurt it at all. But if you cut down oo
many trees all at once, you can destroy it.

The forest makes the island soil. The soil of the island is the old
broken-down rock mixed with the dead plants of the forest and the many
small animals and bacteria and plants which live in the soil. Forests made
most of the soil of the islands. When garden soil becomes pooer the forest
grows over the old garden and makes the soil good again.

eaf litter
Topsoil rich in humdy

Subsoll

Rock j <

he farest protects the soil. It holds the soil with its roots. If the trees
are cut down and no gardens are planted the soil gets hard and dry and no
good for gardens. If heavy rains come and there are no trees, the soil gets
muddy and washes into the sea to kill the coral reefs and ruin the fishing.
Then the soil is gone and gardens will not grow on the hard rock.

The forest shelters the gardens. When strong winds and heavy raine
come the trees protect the gardens, Strong winds can hurt crops and dry out
the soil. Near the coast, salt spray can poison the soil or harm the crops
without the sheiter of trees. The forest can also protect homes and villages
from strong winds.

Ihe forest holds water. The trees and the soil they make are full of
water and they store this waler for times of no rain. The forest controls he
flow of water over the island. When heavy rains come the trees help trap the
water in the soil. They hold water in their branches, trunks, roots and leaves.
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when the island is dry the water from the forest keeps the island green.
Without the irees of the forest the island quickly becomes dry and the crops
die.

The forest makes clouds and rain. When the sea wind blows over the
island it moves through the trees and the trees put water into the wind. When
the wind agoes through the trees, the trees aiso put excess heat from the sun
into the wind., The heated, wet air then lifts up because hot air rises. When
the hot, wet air hits the coaler wind above the island, it makes a big cloud.
No matter how hard the wind blows, the island cloud stays above the island.
This island ecloud is semething every islander knows. In the morning the s«y
will be clear but as the sun warms up the trees and they add their water (o
the sea air, the cloud begins to form. It rises up over the island until it is so
thick the bolttom becomes black and heavy with rain. Then it begins to rain on
the island., If you cut down the trees there inay be less rain and the islend
may dry up; people will then not have enough water to drink or wash in and
the crops will die.

[he forest controls garden pests. Inside the farest many insects and
hirds and animals live in a balanced systern. When the balance is goud, the
life systems work together and there are not toe many of any kind of plant or
animal or insect. Many of these animals and insects eat garden pests and
mosquitos. When the forest dies the natural balance is lost and many of the
Jood animals and insecls disappear. In this way mosquitos and diseases can
increase and gardens can be attacked by pests if the forest is cut.

The forest prevents fires. When the forest is dead the land becomes dry
and can quickly ecateh on fire and burn away all the life.

The forest provides wond for the people of the island to use in making
homes, tools, boats, carvings and fuel for cooking. If the forests are cut the
island people will have te import wood for these needs at a cost of ten to
twenty Limes the money they are now being paid for the same wood.

The foresi has many plants which may be of great economic value. Not
just trees, but foods, spices and medicines grow in the ferest. Maybe some of
the plants killed during farest cotting are worth more than the trees. When
chev are killed and thrown away or burned, the island may be losing plants
with food or medicinal value which can never be replaced. The medicinal
plants snd the plants used for many generations by the island peopie for
special purposes need the forest to survive,

The forest has some special trees of very great value, like ebony (black
woond) and sandal wood, nut trees and trees which are just right for making
sances or foundations for houses or teols. While these trees are replaced
naturally in the forest, they are not replanted when the forest is cut because
they grow too slewly. Many trees and bushes valuable to the island people are
considered rubbish by commercial loggers and these are often killed when
other trees are cut.

The forest is tne heritage of the island people. Treated with love and
respect it will last farever and supply the people's needs. Many people in the
Pacific have sacred ties to the trees and the forest that are part of t eir
traditional cultures, and are still tmportant to them Loday.
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The problem of non-sustainable use
Since a healthy forest is sble to renew itself, it should be possible to

harvest from a forest indefinitely, in a way that can be sustained.
Unfortunately today this is rarely done. The forest is mined rather than
harvested. People are cutting down the forest so quickly that in a short time
it will be gone from many islands. They cut down the trees for many reasons.
In the past, the trees were cut down to clear the land for gardens. With
modern larqge-scale agriculture, the forests are being cleared faster than ever.
Trees are also cut down to provide fire wood for village people. As the
number of people increases, the forests vanish faster and faster.

But perhaps the worst problem for many island forests is the timber
industry. Trees can easily be sold for money to be exported to obher
countries. As long as the trees were just being cut for local use, the demand
for wood was limited to what the islanders needed and could use. Most island
forests grew fast enough to supply these local needs, but the export market
ran never be satisfied, Timber companies can easily and quickly strip the
islands of their forests and still supply only a small fraction of the world's
desire for wond.

Thus a forest resource which should be able to supply local people's
needs forever if carefully managed is rapidly being destroyed. The maost
immediate and dangerous threat to the island forests is the open and limitiess
desire of the export market which can never be fiiled. Modern foresiry
equipment is very rapid and efficient, and many islands have already sold nost
of their forests to timber companies for the export market. Clearing the
forest for large scale agriculture or to make pasture for livestock is Lhe
second most dangerous. Clearing the forest for gardens and firewood is al:o a
major danger where the island population is growing quickly. The dangers to
the forest from agriculture and the growing numbers of people require careful
land management programmeas, and this need is already recognized by most
island governments.

Consequences of forest loss

It should be clear from the many benefits of the forest that its
destruction can have a serious effect on isiand resources. The quality of the
soil, one of the most basic island resources, wiil tend to decline, and this loss
of soil structure and plant foods wiil mean that agriculture will produce less.
There will tend to be floods after heavy rains as the water runs of the island
faster, and droughts|will be more frequent as rivers dry up and the water
table drops during diy periods. Storm damage by wind and waves will also
increase. There ary also the genetic resources of the unigue kinds and
varieties of planis and animals for which islands are well known and which
also depend on the fecrest for their survival. The loss of the forest means the
loss of these resources which can never be replaced.

The development of forest land often brings progress in the short term.
it is only after several years that the bad effects may become apparent. In
areas where there is a lot of forest, obviously some can be developed wisely
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lost, the effects will become more severe. Since the most vulnerable areas are
often developed last, it is the loss of these last forest remnants that may be
the most catastrophic for an island.

On islands where all naturzl resources are limited, it is imporian:t to
make full use of those resources that are present, but in ways that do not
damage thelr ability tc keep producing on into the future. Since forests are
important in many different ways, they can only be managed wisely if all the
diiferent fsclors are considered together. In many places a forest is seen only
as a source of woods on an island its rele in soil protection and water supply
requiation may be just as impertant,

If several basic principles are followed, it is usually possibiz to draw
many kinds of benefits from forest areas, but this requires a good knowledqge
of the forest and its limits, and careful observation of the effects of any use
or change on the way the forest works. Since forest trees may live Lo be
hundreds of years old, some effects, such as on the kinds of trees that make
up the forest, may only appear very slowly. It is always wise to leave some
areas undisturbed as & protection against the total loss of some valuable
forest resource,

The first principle for sustzinable use is that any harvesting of forest
resources must remain within the limits of what the forest can replace. Some
trees can be cut, bub enough should be left behind to re-establish the same
species. If oniy one kind of tree iz being taken, it may be replaced in the
forest by other less desirable species unless special efforts are made to
ensure that young trees of the same species can grow back again. The same
orinciple of moderation aspplies to the percentage of forest area disturbed at
any one tive,  Enough undisturbed forest should always remain to shelter
wildlife and wild pilant species and to allow them to repopulate forest that is
growing back after being disturbed. Too often the economic pressures for
rapid development go against respect of this principle, end the forest is
destroyed or degraded.

The forest shouwd always be left intact in vulnerable places such ar on
steep slopes, along stream banks and on shorelines where its importance in
protecting against erosion outweighs any other value. Examples all through
the islands show that the cost of repairing the damage dene far outweighs any
benefit from developing these forest areas.

Most forest areas can be developed for or serve several different uses
at the same time. A watershed essential for a village water supply can also
arotect wildlife and be a piace to coliect fruits and medicinal plants. A forest
that is carefully and selectively logged while preserving the cover of trees
may continue to build and protect the soil. Sites for tourism or recreation can
be deveioped in a cosstal forest while protecting its importance in sheitering
the interior from storms. What is linportant is to know the different values of
the forest and to be certain that the uses chosen are compatible and that no
essential funclion in chreatered,

|

]
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Where uses are not compatible, they can be planned for in different
parts of the forest., A village may decide to leave a block of forest close to
the village to supply firewood and wood for construction. Another part of the
forest might bz sel aside for hunting, while still another might be protected
from hunting to allow the birds or animals a place tc reproduce.

A forest can also be used for agriculture as shown by recent
approaches to agroforestry. Many crops can be grown among or between
trees, so the same area of tand can produce both foods and tree products.
This can be especially good on sloping land where fields cleared for
agriculture would be subject to erosion.

[t is also possible to plant a forest specifically to produce wood or
other products. Many countries have tree planting or reforestation
programmes. Sometimes an area is replanted with trees after logging. Land
may also be planted !o create a forest again where il was destroyed long
hefore. The trees that are planted may be fast-growing imported species like
eucalyptus or caribbean pine, or other important timber species. Usually only
one kind of tree will be planted in an area. They are almost always planted
with the idea that they will be cut as a tree crop to pay for the investment
in planting them. The native trees that originally grew in the forest are
seldom replanted because Lhey grow too slowly to give an economic return.
Such forest plantations may be an appropriate use for some lands, and they
may help to protect the soil and hold water, but they rarely work as well as
the original forest did, and some damagqge is always done when the trees are
cut. They also do not sheiter as much wildlife or medicinal plants, nor are
they as valuable for tourism, recreation or protection from storms. Where
such plantations are used to restore land that has been damaged or degraded,
they can make a valuable contribution to island resources. The plantations of
the Fiji Pine Commission on the degraded grasslands of Fiji are an excellent
example of this.

Forests must have an important place in the balanced develocpment ol
any country or island for the many reasons given in this unit. £ven at the
local level, land owners would be wise to maintain the forest on appropriate
parts of their land, or even to replant forest trees where they have all been
destroyed. Making or protecting a forest is not necessarily something that will
give a quick return, but it may well ensure a better future for your children
and their children.
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How did the forest come to grow an your island?
How many kinds of forest can you think of in your area?

What local animals, birds and insects are important in helping trees to
reproduce and in spreading their seeds?

How daes the forest bring water to the island?

Yihat does the forest do to the soil, and how does it do it?

List as many benefits from the forest as vou can. Can you think of some that

are not mentioned in the unit?
|

How much of your calintry or island used tn be covered by forest long ago?
¢

How much forest is lefl Loday?

Will there be much forest left in 20 or 50 years from now?

what would your island be like with no forest left?

What are the things that are destroying the forest? Give local examples.

Can you give some examples of good sustsinable uses of the forest?

How would you solve the preoblems faced by forests in your country?
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South Pacific Regional bnvironment Programme
Training Unit C5

ENVIRONMENTAL MANAGEMENT IN AGRICULTURE

USE OF THIS UNIT

Agriculture depends on: environmental resources and can only succeed if
those resources are respected. This unit reviews some of the environmental
principles underlying the success or failure of = agriculture and livestock
raising. Since the specifics of agriculture differ greatly from place to place,
it will be necessary for the discussion leader to explain the application oi the
general principles described here to local situations using local examples.
Your agricultural department or agricultural extension officer may be able to
help.

Since many participants will have had experience in agriculture, it
should be possible to organize a good discussion of these principles as they
relate to each person's own experience. 1he section on agricultural strateqgies
is intended to pose questions rather than to sugqgest solutions, which may
depend on government policy or on the preferences and possibilities of the
individual farmer.

Other units such as those on soils (C3) and the weather D2} cover
closely related topics.

AUDIO-VISUAL SUPPORTS

Local agricultural schools and extension services may Fave audio-visual
materials which could be used to support this unit. '

EXERCISES

Field trips should be arranged to agricultural areas showing both
subsistence and large-scale cominercial development. If possible they should be
led by a knowledgeable person able to explain the envircnmental aspects of
each type and their sustainability.

(Unit written by A. L. Dahl)
[Version 19/02/85]
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ENVIRONMENTAL MANAGEMENT IN AGRICUL TURE.

Agriculture wvolves the planting of plants or the raising of animals on
the land in order to produce something useful. It means making soime effort to
use the land or to manage it. It can be as simple as sticking a root in the
ground in a forest clearing, or as elaborate as the giant machine plowed,
planted, sprayed and harvested fields of modern agro-industries.

Because we do somithing to the land in order to produce what we need,
we take on the responsibility to manage the land and the plants and animals
we put on it or leave on it. This is not the place for detailad instructions in
agriculture or the cconoinics of agricelture. Our sim s to show how the
environment affects agriculture and how these influences can be used or
managed to make agriculture more successful.

A renewable resource

Agricuiture is often called a renewable resource becaus?, if the land is
used with care, 1t can continue to produce indefinitely. dne of the most
important roles of environmental management in agriculture 15 to make sure
that it is truly renewable, and thet the ability o the land to produce is not
damaqged by its uee.

Agricultura! deveiopment of the land often goes through stages, a first
pioneering stage, then maturity, and all too often a decline. The pioneering
stage is on land that s newly cleared from its natural state. The soil has
generally been made fertile by the forest that was growing on it.  Such virgin
soil 1s easy Lo develop and will produce well without much effort. However, if
care is not taken {(znd the need is often not seen until too late), the soil
fertility will deciine and much of the agricuitural polential of the land will be
lost, especially in the tropics where the process qoes much faster. Such
agricuiture is like pumng the land, it s used up and then abandoned. This
occurs often when pioneering or colonizing peoples settle on the land. They
lack local knowledue, and their early suceess only makes their ultimate faiiure
mere difficult.

The land and people that survive this pioneering stage may be able to
develop a more mature form of agriculture adapted to the land and the
environment, and much more sustainable.  There are traditional agricultural
areas that have beer m use for hundreds of years. However, even in these
areas there is the risk of a siow erosion of the top soll layer that will
eventually mean a dectine in productivity. The world has too many dueserls and
rocky hillsides thal were once important agricultural areas, and the loss of
agricultural land is warrying even the richest and most successful countries.
Even where knowledge and experience have shown how to do sustainable
agriculture, there mav be economic pressures for short-term gain that prevent
it.
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Any damage to the ability of the lsnd to produce is a threat to the
future. At a time when poptiations are generally increasing and there are
more and more mouths to feed, the destruction of the ability of the land to
produce food can only lead eventually to famine and death.

Soils and agriculture

The soil often limits agricultural production. Only certain soils are rich
enough :nd stable enough for regular cultivation. Other soils may be suitable
for pasture or tree crops. Poor soils may have no agricuitural potential, and
any attempt to develop them would be a waste of time and effort. Some soils
may lack certain minerals required by some crops, while others may have so
much as te be poisonous to many plants,

Soils can sometimes be improved by adding fertilizers or  other
chemicals, or by putlting in humes or other organic matter, but this s
expensive and sometimes difficult to do on a large scale. It s easier to keep
a soil good than to restore it once it has been damaged.

It is essential to pick crops that will grow weil in your soil. Farmers
used to do this by trial and error, but today an agricultural specialist or
extension agent can help to choose the plants most suited to a particular soil
Even then some trials would be wise before making a major wivestment in
planting a new crop.

Climate and weather

tach plant has temperatures at which it grows best, as well as high and
low temperatures that will kill it, and these are different for each kind and
variety of plant. Plants also have different needs for water which may change
as they grow, and some can stand being dry or flooded better than others. [t
is thus the climate as expressed by the weather through the year that limits
what can be grown on any particular soil.

In considering the effect of climate on crops, both average conditions
and the occasional extreme are important. The closer conditions are to the
ideal for a plant, the better it will grow. But only one day that is too hot or
too cold may kill it. The extreme condition need not occur very often for it
lo be disastrous for agriculture. Cyclones, droughts, floods, and rare cold
spells all can be unportant limits on agricultural development.

It is possible to change some aspects of the climate as they affect
agriculture. Careful selection of the land can reduce the risk of wind damage
or flooding. Rows of trees can be planted as wind-breaks to shelter crops.
Proper drainage or the construction of rows or mounds can reduce the damage
from flooding. lrrigation can  provide water when natural rainfall is
insufficient. The limitations then become economic rather than climatic.
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Biological interactions

Almost ali crop plants and domestic animals have been introduced from
somewhere else, and are grown ciose together in large numbers. As with any
large-scale introduction of an organism that does not naturally occur in a
place, there  a risk of imbslances, and particularly of the rapid spread of
pests or diseases.

When a crop is grown over large arcas, any pest that takes a liking to
it will find an abundant food supply, and wili be able to multiply very rapidly.
While it may be technically easier and more economic to plant large fields of
the same thing, it will also be necessary to use more pesticides because the
crop will be more vulnerable to attack.

The presence of certain pests and diseases in a country may limit is
agricuttural productivity, and the introduction of a new pest or disease from
overseas can be a disaster for even a well-established agricultural programme.

ihere can also he the problem of aggressive weeds or shrubs that can
smother gardens =nd crowd out more useful plants in pastures, and that may
be vory difficult and expensive to control.

Since island ecosystems are vulnerable to introductions and lack many
natural controls that would keep pests from getting out of hand, island
farmers must be particularly careful in choosing what they grow end how they
grow it, and in avoiding accidental introductions. This is why countries have
plant quarantine restrictions .o keep dangerous pests and diseases from
ceming into their country.

Choice of varieties or races

tach individual plant or animal is a httle bit different from others even
of the same kind, and it is these differences that lead to the many varieties
or races that a farmer can choose from. Each variety will do best under some
conditions and jess well under others, No one variety will be best everywhere.

The cenditions for agriculture on an island are very different from
place to place, even over shart distances. These microclimates depend on the
shape of the land, the altitude, the direction of the prevailing winds, whether
it is the wet or dry side of the island, the distance from the sea, the
surrounding vegetaticn, and other things. It is therefore necessary to choose
the varieties that do best under yecur particular conditions.

This principle was well known in traditional agriculture, when many
varielies were grown even by the same village. Some were adapied to
different soils or fields, or even to different parts of the same garden. Some
did best under good conditions, while others would survive and produce even
in a bad year. Those that did nat taste as good might better resist a cyclone
or drought, or an attack by a pest or disease. New varieties were sometimes
exchanged on inter-island voyages, or they might be discovered growing in the
forest or in an abandoned field. A wise farmer compares tnd performance of
all his plants, and selects the biggest and strongest or most resistant for use
in the next planting. In this way the planting stock is constantly improved.
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Today, -agricultural specialists and plant breeders can cross different
varieties to produce a particular set of characteristics such as resistance to
disease, good response to fertilizer, good quality for marketing, etc. Such
varieties are well adapted to commercial agricultural production. However,
even the most highly-recommended varieties need to be tested for their
suitability to local conditions. They also can be more vulnerable to
unfavourable conditions, where a mixed planting of different varieties or
crops would give a greater chance of at least some success.

Small scale trial planting can help to show the nfosi appropriate
varieties for local conditions. Since the weather can be very different from
year to year, it may take several years of trials before a final choice 1s
made. This takes time, but it is the essential foundation on which a stable and
productive agriculture can be built.

Many agricultural projects have failed because the wrong varieties were
selected, or because some pest or disease could not be controlled, or because
the soil or climate were not well suited to the crop. Successful agriculture
requires careful attention to all these ecological and enviconmental factors.

Livestock

The raising of animals such as beef cattle, dairy cows, horses, sheep or
goats in pastures adds an additional complication to agriculture through the
animals that feed on the plants. It is necessary Lo manage both the
productivity of the plants in the pasture and the effects of the animals on the
plants.

Plant growth in @ pasture varies with the season, and there may be
little or no growth during the ary season. The amount of food produced
determines the carrying capacity of the pasture. The number of animals shouid
not be more than the growth of the plants is able to feed over a full year,
without the plants being all eaten up. If there are too many animals, they will
graze the plants down to the roots, killing them or slowing their growth. Some
plants (usually those most preferred by the animals) may disappear from the
pasture. Only plants that the animals do not like to eat will increase, and
these may take over the pasture replacing the good plants. As the soil is
exposed by overgrazing, it is easily ereded, reducing the praductivity of the
pasture even more. !f the pasture is too badly damaged, it may never recover.

The plants are the first to show signs of overgrazing; the kinds of
plants will change, there will be fewer of them, and they will cover less of
the soil. Only unwanted plants will increase. Next comes the signs of erosion:
bare ground, gqullies, and tufts of grass on pedestals of higher soil surrounded
by lower more eraded soil. The productivity of the pasture as shown by the
number of animals that can live on it may only decline after the real damage
has been done.
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White it may seem easiest to let the animals roam freely over & large
area looking for whatever food is avatlable, this may lead to damage of the
most preferred areas. Stlream banks and areas around waler are particularly
vulnerable. [t may he better to use smaller areas of pasture, perhaps improved
by fertilizing and hy planting desirable species, with more frequent rotations
between pasture arcas.

Livestock may also contribute to soil damage by compacting the ground
with their hooves, and by creating trails where qullies may start to form.
Sloping ground is particularly vulnerable tc erosion started by the frequent
passage of animais.

In woodiand and savanna areas where trees are present, livestock may

eat all the tree seedlings, and thus prevent the normal replacement of the
trees.

Commercial and subsistence agriculture

Traditional agriculture was almost entirely subsistence agriculture, in
which food crops were raised to be eaten lecally. Today most agricultural
development projects are for commercial agriculture, where the produce is
sold to earn money. Such cash crops are becoming increasingly important in
rural agriculture,

Commercial agriculture pays best if it is done on a large scale. It often
requires the use of machines which are expensive to buy and difficult to
maintain. It almost always means using fertilizers and pesticides which cost
money and may cause health or environmental problems if they are not used
with care. The commercial market reguires uniform varieties which may be
more vuinerable to an agricultural disaster. All of this means a higher
investment which may be difficult or bevond the reach of a small farmer, ss
well as a greater risk of environmental damage.

Subsistence agriculture is usually based on traditional methods which
have proven themselves over hundreds of years. It uses many varieties of
trees and plants, usually mixed together in the same garden but with roots at
different levels to make full use of the soil while protecting it from erosion.
it is done on a small scale making good use of the space available, and is thus
better balanced with the environment.. it fits local social and cuitural
patterns, and as traditionaily practiced usually provided a healthy and
balanced if not very varied diet. However, it can present env.ronmental
problems if the popujation is increasing and too much pressure is being put on
the land,

what is worse is that too often cash crops are replacing local food
crops in rural agriculture. The cash crop requires an important investment, so
the best land is used for it; food plants are put on whatever land is left. The
first priority for labour is maintaining the cash crop, so less time is available
for growing food, and the planting calendar may be changed Lo less desirable
times to avoid conflicting with the requirements of the cash crop. Since less
food can be producsd under these conditions, the money earned with the cash
crop goes to buy imporied food. This is often less nutritious than fresh local
foouds even if it tastes good. Heaith problems like bad teeth and growing too
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fat, and sicknesses like diabetes, high blood pressure and heart attacks have
become bhig problems in the region for people who have changed from
traditional to imported food. Children suffer particuiarly “rom eating too
much suqar, rice, corn pops and soft drinks, and not enough vegetables and
protein; they do not grow well and they are often sick.

This does not measn that commercial agriculture is necessarily bad. What
is important is that a village must balance its desire for money with the need
to provide proper food for its people and to be more self-sufficient. There is
no reason why both cannot be done together with some carefu! planning.

Strategies for agriculture

Tihe differences between modern commercial and traditional subsistence
agriculture also illustrate two different strategies which can lead to conflict
or failure in an agricultural project if they are not well understood.

A western agricuituralist tries to produce as much as he can. He selects
the highest vielding variety and fertilizes it well; he fights off weeds, pests
and diseases with the latest chemicals; machines let him plant and harvest
quickly and efficiently. 1f the harvest is good, he covers his costs and makes
a tidy profit. If there is a disaster, he requests compensation, or borrows
against the next year's harvest and starts again.

Traditional agriculture evolved under different conditions. The first
priority was to be sure to always have something to eat. At a time when food
ard did not exist, it was essential to smnimize the risk of complete failure
which meant starvation. A high producing varizty might be planted, but so
would hardier plants able to resist bad conditions. Traditional aqriculturalists
are slow to try anything new, because that will increase their risks.

While it is in the long-term interest of all agriculture to preserve the
productivity of the Jand, the short-term interests may be different. The
commercial farmer must keep his costs down if he is to make money, and
environmental measures may increase his costs or reduce his yield. It s
natural to want to put off such measures for some other time if they do not
seem too pressing. For the traditional farmer, environmental protection
reduces the risk of failure, especially where the risk is greatest from a storm,
flood or other catastrophe. For him it is worth while to invest In protective
measures, even if it 1s several years before they show their worth.

There rmay also be a difference between the needs of the individual, for
whom the first priority might be to make money for a traditional wedding or
to buy a radio-cassette, and the environmental needs of the group or
community, for whom preserving the productivity of the land is the best
assurance for the future.
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Both strategies, of producing as much as possible and of reducing the
risk of complete failure, have their place. It is for each community or each
individual farmer to {ind the balance or combination between the lwo thal
fits their goals and the alternatives (or lack of alternatives) available to
them. A good discussion and conscious decision on these strategies is
particularly important where expatriate or  western-trained agricultural
advisers are working with subsistence faimers. Both the economic and
environmental dimensions of these strategies need to be well understood.

It should be clear from the above tihat sustainable agriculture depends
on good environmental management. In practice this is never easy because
agricultural systems are very complicated, many environmental factors are
unpredictable and cannot be controlied, and there is much we still do not
know. However, with an understanding of the principles, confidence in local
knowledge, a certain caution, plenty of common sense, and a willingness to
work hard, the chances of success are rrasonably good.
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QUESTIONS
why is environmental management imporlant for agriculture?
Is agriculture a rencwable resource? What does that mean?

what is the difference between azqriculture on newly cleared land and that on
land tha® has been used for many years?

why are soils itnportant for crops?

what is the role of the weather and climate n agroiculture?

What can be done to reduce the infiuence of climate?

How do biological interactions affect agricuiture? (Give specific examples)
How do you select the best varieties for local use?

What does overqgrazing do to the land?

How can vou tell if pasture is overgrazed?

what is the difference between commercial and subsistence agriculture?
Why have cash crops sometimes ied to health probtems?

What are the differences in strategy between modern commercial and
traditional subsistence farmers?



C6 - Fisheries Management
= i B

South Pacific Regional Environment Programme
Training Unit Cé

FISHERIES MANAGEMENT

USE OF THIS UNIT

This unit reviews the environmental principles which can contribute to
the management of coastal fisheries in the tropical Pacific Islands. It aims to
help fishermen to see how catching fish can have an effect on the biological
system that produces the fish. They can then see how they are themselves
responsible for managing their own fishery.

Each section of the unit should be presented and discussed by the group
until the point is well understood. A local fisheries officer or other
knowledgeable person could be invited to explain each point using local
examples and the local names for the fish and other animals.

If there are experienced fishermen in the group, they should also be
able to provide many details to illustrate some of the points raised. However
fishermen or others who have never been diving with a mask or goggles may
find it hard to imagine what things lock like underwater. In this case
underwater slides, films or field excursions would help to make the unit
meaningful.

The units on Coral reefs (C8), Lagoons (C9) and Mangroves (C10)
provide more information on specific coastal fisheries environments.

AUDIO-VISUAL SUPPORTS

Films or slides of coral reefs and underwater life are quite widely
available for qgeneral illustration of the fisherman's environment. Amateur
photographers in local diving groups may also have pictures that could be
used, with the advantage that they would illustrate the local situation, which
is always more interesting. Local fisheries departments may also have
audio-visual materials or publications with iliustrations that can be shown to
the group.

EXERCISES

The most effective exercise would be to arrange discussions with local
fishermen (particularly older men and women) about the management of local
fisheries and possible signs of overfishing. Remember that different types of
fishing are often the responsibility of different groups, families or sexes, and
it would be good to include representatives of each to have an overall
picture. Such discussions could even take place while accompanying the
fishermen on a fishing expedition.
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If it is.possible to take the group diving with masks or goggles, this can
be useful, particularly if it is possible to visit both areas where there is
heavy fishing (and perhaps overfishing) and reserves or more remote areas
where there is little fishing, to see the differences in the condition of the
environment and the numbers of fish.

(Unit written by A. L. Dahl)
[Revision 26/02/85]
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TEXT

FISHERIES MANAGEMENT

Fish and other animals from the sea provide an important source of
protein for people in the Pacific. Fishing in the shallow coastal waters around
the islands is an impertant occupation today as it has been for hundreds of
years. The coral reefs, lagoons, seagrass beds, estuaries and mangroves are
some of the most productive tropical island resources.

Because the animals in the sea are living things that grow and
reproduce, they are a renewable resource; that is, they can continue to be
used over and over again if they are taken care of. When a fish is caught or
a shellfish collected, another can grow up to take its place. However, if too
many fish are caught at once, it may not be possible for the few that are left
to replace all those that were taken. This is called overfishing, and today it
is happening in many places in the Pacific.

To avoid overfishing and other damage to fish resources, a fishery must
be managed in accordance with certain ecological principles which are
explained in the following sections. If local fishermen understand these
principles, they can then decide on the kinds of management that will protect
their fishery and keep it productive.

Hunting rather than farming

On the land, early peoples collected their food in the' wild, digging up
roots in the forest and collecting fruits wherever they found them. Later they
learned that they could plant their food plants, and thus have more food than
they could find in the wild. They thus went from hunting and gathering to
agriculture. In the sea this change has hardly begun. In a few places men are
learning to grow fish, shrimp, oysters and other sea animals, as well as
seaweeds, as we do in farms on the land. This aquaculture is still at an early
stage, and it requires a considersble investment and lot of scientific research
to do it successfully.

Most fishing is still at the hunting stage. We collect for our use what is
produced by the natural system, but we are not yet able to manage that
natural system to produce even more of what we want. Because we have less
control in fishing than in agriculture or livestock raising, we must learn to
live within the limits of the natural productivity of the environment. At the
most, we should try to avoid doing anything that might hurt that natural
productivity and leave us with even less than would have otherwise been
available. We therefore have to learn how much we can take from the natural
system without hurting it. This is sometimes called the sustainable yield, and
it may be only after a long period of trial and error that we can learn what
it is. If we take too much, the system will produce less; if we take to little,
some of the productivity has not been used; but finding the exact balance in
the middle is not easy, particularly since natural productivity often varies. It
is usually better to take 2 little less that we think is possible, rather than to
take the risk of upsetting the whole system.
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What fish neéd

Fish are just like any other animals in that they need food, shelter and
good conditions for reproduction. A part of fisherics management is to ensure
that these basic requirements are not changed for the fish you want te catch.

Each species of fish or other animal prefers certain kinds of food. Some
fish may eat the tiny plants on the reef, or the corals, or little animals that
swiin in the water., Larger fish may well eat smaller fish. Some will feed in
the daytime and others at night. It could be that food first inade by plants on
the reef will be eaten by a snail, which in turn may be eaten by a
meat-eating snail, which is then eaten by a starfish, which is eaten by a
shrimp, which is eaten by a small fish, which is in turn swallowed by a larger
fish, which is then caught by a fisherman if it is not first eaten by a shark. In
such a food chain, each animal depends on the one below it. If something
happens to one of the animals, the others above it may go hungry, or have to
eat some iecss desirable food. On a coral reef where there are nany kinds of
animals, the food chains {(or food webs as they are sometimes called because
they have many branches) may be very long and complicated.

Since the fish and olher animals are both looking for something to eat
and afraid of being eaten, it is important for them to have some place to
hide. They also need shelter if they are to survive storm waves and to avoid
being swept away from the island by currents. Envircnments like healthy coral
reefs and mangroves provide good shelter for many kinds of animals, and this
is one reason why they are so rich and productive. [f rangroves are cut, or
corals are smashed and broken, there will be less shelter and the fish
populations will suffer accordingly.

No animal or piant lives forever. If a species is to survive and prosper,
the generations must succeed each other. Each animal has its own time, place
and conditions for reproduction when eggs are Jaid or the young are born. The
tiny babies may not look like the parents, and may even go off and live in
some other place before coming back as aduits. Often the babies may be more
sensitive and vulnerable than the adults, and some change that affects them
will eventually affect the whole species. Since it is through reproduction that
the fish caught by a fisherman are replaced, protecting and encouraging
reproduction is very important to fisheries management.

Different species can have different strategies for reproduction. An
animal may produce thousands or millions of eggs or young, but most of these
will be swept out to sea, starve to death, be eaten up o¢ find no place to
grow up; only a very few will grow up to be adults. However, because there
are so many, the chances of a few surviving are very good, and if something
happens to one, another will almost certainly take its place. Other kinds of
animals have found it better to produce only a few young, but to make them
big and strong, or to protect thein while they are small, so that their chances
of growing up are much better.

The example of the giant clam will illustrate the problems of
reproduction, Clams reproduce by squirting eggs and sperm into the water. If
two clams are close enough to signal to each other through chemicals in the
water, they may reproduce together and some eggs may be fertilized. The
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baby clams may swim around for a while before settling down to the bottam
and growing up, assuming they are not eaten in the meantime and can find a
good place to live. Where fishermen take too many clams, the few that remain
may be too far apart to reproduce successfully, and when thaose are gone
there will be none left. In some places in the Pacific, local people protected
an area with many clams, which could then reproduce and replace the clans
taken all over the reef. It is even possible to move clams to be nearer each
other and thus help them to reproduce. Otherwise overfishing of giant clams
wiil drive them to extinction. It already has in some places.

Tropical ecosystems

The tropical ecosystems which produce most fish caugnt by island
fishermen are very complicated, with many different kinds of species
depending on each other and affecting each other. Because there are rany
different animals, there are many choices of food, many competitors, and
many enemies, and thus many different ways the system can work.

Such ecosystems have generally existed for a very long time, so the
animals and plants have had time to develop close relationships and many
ways that they depend on each other. Big fish may depend on small cleaner
fish to remove parasites on their skin and in their mouths that would make
them sick. Clown fish depend on sea anemones to protect them from being
eaten, and in turn they help the anemones to find food, Small shrimp and fish
may share the same hole in the sand; the shrimp digs the hole, and the fish
stands watch and signals if any danger is near. Giant clams are fed by tiny
plants growing underneath their skin. Because of these relationships, a change
on the reef or in the lagoon may have unexpected effects.

The reef is also divided up in many ways in time and space. Some
animals may never meet because they come out at different times. Sunrise and
sunset are times when there are many changes in what is out and what is
resting. Some species gather together and travel as a group; others keep to
one territory and chase away any intruders. Since space is hard to find, there
may be several layers of plants and animais, with each one growing on the
other. '

All this means that any change in the system, like fishermen catching
many of one kind of fish, can have effects all through the system, which may
be vulnerable in ways that do not seem evident at first. If too much of any
one kind is taken away, a balance may be upset, and it may be replaced by
something else which may be less useful or desirable. If too few of the
species are left, it may simply not be able to re-establish itself in the face of
competition from other species (or from man). On certain reefs where the
corals were kiiled, their place was taken by :soft corals which provide less
food and shelter. One kind of giant clam was fished to extinction in Tonga,
and sea turtles have all but disappeared from many areas.
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Fisheries management

Successful fisheries management in tropical coastal waters depends on a
detailed local knowledge of the kinds of fish and their behavior. On islands
where people have fished for hundreds of years, this knowledge bhas
accumulated and has been uscd to establish various traditional fishing ruies
and practices. It is often when this knowiedge is forgotten or ignored that the
fish resources are damaged,

It is essentiai that both the methods used for fishing and the other
human activities along the shore must not hurt the ability of the coastal
waters to produce food and shelter for the fish. If there is less food, or fewer
places for fish to hide, there will be fewer fish.

Some fishing methods are very destructive, but they are still used
because they are easy or do not require much knowledge and skill. Breaking
up the coral with haminers and bars to get the fish hiding inside can ruin
shallow reef areas. Using dynamite or other explosives for fishing is quick and
easy, bul it kills everything and reduces the corals tc o heap of rubble. A
dynamited reef can only be fished once; afterwards there s not much left
worth catching. Too many fishermen huve also been killed or injured with
their own explosives. The use of poisons such as Derris root can also kill much
more than the fishermen needs. Where such poisons were known traditionally,
they were generatly used in moderation or where no aiternative was availabie.
Modern household chemicals such as chlorine bleach aiso kill everything they
touch, and thus kill not only the fish, but their food and the baby fish of the
next generation. An area that has been poisoned will recover very slowly. The
more recent use of pesticides and other poisonous chemicals for fishing can be
as dangerous for the fisherman {and his family) as for the fish, as these
poisons can stay in the fish and make anyone who eats them sick.

Many other things that people do can also hurt coastal fisheries.
Dredging coral, filling, or building structures along the shore can change or
destruy the natural areas where fish live and feed. If the land is cleared and
heavy reins wash the soil down into the water, the muddy water will keep
light froin reaching the plants on the bottom so they can no longer make food,
and as the sediment setties out it can smother and bury the corals and other
animals. Pollution from cities or villages can upset the balance of life in the
coastal waters, and the fish and shelifish may take up all sorts of disease
germs which can make anyone who eats them sick. Industries also can poilute
coastal waters with chemicals, sediment or heat that will hurt local fisheries.
Even dropping anchor frequently on a coral reef can break up the corals and
reduce the reef productivity.

An essential part of fisheries management is controlling how much
fishing is allowed in each area and for each species over each period of time,
so that the catch is not more than the area or species car replace. This
means knowing how quickly @ species can replace itself, over what area the
replacement takes place, and how many adult fish are needed to keep up the
level of reproduction. It may also be necessary to know what size fish ave the
best breeders (or is one cize male while another is female?), and where
breeding takes place. Some fish may have a particular time or place for
breeding when they are particularly vulnerable, and where any fishing will
have a disastrous effect on their reproduction.
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This kind of knowledge or an approximation of it has often been
accumulated by traditional fishermen over generations, and is reflected in
their fisheries inanagement. In the absence of scientific studies, such
traditional knowledge may be the best guide to fisheries management.

it is a common error for an outsider to come in and be struck by the
large number of fish in an area. His first reaction is often that those fish are
a resource going to waste. However, it is not the number of fish but the rate
at which they can replace themselves that is the real resource. Catching all
the fish with some new technigue may siimply mean that there will be no fish
left. .

A certain number of fish can usuzlly be caught withdut affecting the
population. When more than that is taken, the number of fish may drop very
quickly. The wise fisherman learns to recognize the signs of overfishing and
knows when to stop catching that species so that it can recover. There may
also be times when a fish population may already be under ctress from some
natural cause (bad weather, shortage of food, etc.) making it even more
vulnerable to overfishing.

The evidence suggests that most subsistence fisheries in the Pacific
Islands probably already use their shallow coastal fish resources at close to
their biggest sustainable catch. There is thus little possibility of fisheries
"development" in such areas without going offshore or into deeper waters. It
is difficult to find an example of a commercial tropical shallow water fishery
that has not led to overfishing and a decline in local subsistence resources.
People for whom their local catch is an important food rescurce would do
well to manage their coastal fishery to maintain their food supply, and not try
to develop it as a source of cash income.

Management Lechnigues

The ways in which a coastal fishery can be managed will depend on the
laws and customs of each area. The measures taken to manage fishing must
have some possibility of being enforced, either by the traditional authorities
or the government, Some decisions taken within a community can be enforced
by community pressure on its members. The fear of disapproval or
condemnation by one's friends and neighbors can be a powerful deterrent
within a community, but is less effective for outsider.. In any case, a
regulation that is understood and accepted by the members of a community
has a much better chance of working than one that is simply imposed by the
authorities.

LIMITED ACCESS

The laws of most developed countries do not recognize private or
community ownership in coastal waters; the seashore and everything below
high water mark usually belong to the government and are cpen to the public.
When everyone has a right to go fishing, it is hard to control the amount of
fishing. Each fisherman tries to catch as much as he can, because if he does

not catch all the fish, someone else will. It is not possible to decide to leave
some for the next time. The traditional way in many Pacific Islands was
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different. Families or villages owned parts of the reef and lagoon, and anyone
wanting to fish there had to have permission. This ownership of the coastal
waters or of the right to fish there limited the number of fishermen and gave
them the responsibility to tazke care of the resource. The fishermen knew
their area well, and could decide to protect certain fish or fishing grounds if
necessary. To ithe extent that local laws permil, this can be one of the best
ways to manage a fishery.

CLOSED SEASONS

Many fish have a reproductive season when they produce the baby fish
that replace those that have died or been caught. It may be easier to catch
them when they are reproducing, but catching or disturbing them at that time
will prevent them from replacing themselves. Protecting the ability of the fish
to produce many babies is one important way of ensuring there will always be
enough fish to catch. This can be done by establishing a closed season when
no fishing for that kind of fish is allowed during the time it is reproducing.
This was often done in traditional fisheries management through rules or
taboos which ailowed fishing for some species only at certain times of the
year.

A fish population may also be seriously reduced, either by natural
causes such as a cyclone or unusual conditions, or by overfishing. Prohibiting
fishing for that species for a period of time will allow it to recover to its
former numbers.

PROTECTED AREAS

It is also possible to protect certain places that are important for the
fish, Some kinds of fish have a special place, perhaps in a lagoon or mangrove
swamp, where they go to reproduce or iay their eggs, or where te young fish
live while they are growing up. Protecting these places from fishing or from
being damaged by development will help to protect the fishing all over the
island. A part of the lagoon or reef that is protected and where no fishing is
allowed can serve fisheries management in another way. Fish that live in the
protected area will grow large and will produce many babies. The young fish
will move out of the protected area to find a place to live, and will thus help
to keep the rest of the island stocked with fish where fishermen can catch
them, Making a protected area can thus help to make the fishing better
elsewhere.

Protected areas are nothing new. In former times some areas were
protected because they were too hard to reach in canoes without motors.
Other areas were sacred or tabao, and no fishing was allowed. Today, many
countries are creating marine parks or reserves both for fisheries management
and to protect places tourists like to visit,

Some countries have created rotating reserves where fishing on the reef
is very heavy. A part of the reef is closed to fishing for several years to
allow the fish populations to recover. Then the first area is opened again and
a second is clased to let it "rest" and reqgenerate. A few years later it is the
turn of a third area to be closed, and then the process starts over again.
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LIMITING FISHING TECHNIQUES

Ancther way to control fishing in areas where overfishing is a problem
is to limit or prohibit certain fishing techniques. Many arcas have banned
spearguns because with them it is easy to kill all the big predatory fish on
the reef such as snappers, groupers and ¢ mperors, to the poirlt that there are
hardly any left to reproduce and replace those that are taken. Prohibiting the
taking of lobsters or crayfish with scuba diving gear protects those animals
that live in deeper water. Nets with a small mesh size wili catch not only the
large fish, but also many small fish of little interest which should be left to
grow bigger. By allowing only larger mesh nets, it is possib.e to permit the
catch of the larger fish while letting the small ones go free. Prohibiting all
fishing with explosives and poisons is important to protect the whole fishery;
such destructive fishing is already illegal in most countries.

SIZE OR CATCH LIMITS

Another common fisheries management zspproach is to limit the number
or size of fish or other animals that can be caught. Catch limits which allow
a fisherman to catch or to have in his possession only a certain number of
fish each day help to keep some fishermen from taking more than their share
and to keep the total catch within safe limits. Size limits make it illegal to
take fish or shellfish of less than a certain size, usually related to the size at
which the fish start breeding. Qccasionally the largest fish or animals may
also be protected, as with the crocodiles in Papua New Guinea, since they
may be the best breeders. Size limits are generally designed to ensure that
there are enough fish reproducing to maintain the population, and to give the
young fish a chance to grow up. It can also be made illegal to catch breeding
females or those carrying eggs or young, as is often done with lobsters and
crayfish,

Such fisheries management measures were common in the traditional
island cultures, and were often enforced through traditional beliefs and
taboos. Today it is more often the government that takes such measures
through laws and regulations. However, there is nothing to prevent a tribe or
village that has control of its coastal waters from managing its own fishery.
Any management measures have more chance of working if they are
understood and appreciated by the local fishermen and if they are supported
by group pressure as well as punishment. It is hard, particularly in the islands,
to go against the views of one's family and friends and to risk criticism in the
local community. Such pressure is the best way to stop those who fish with
dynamite or poisons because they are quick and easy ways to get a large
catch (generally to share with family and friends). 1If everyone realizes that
good fisheries management is in the interest of the whole community, and
everyone works to make it effective, then the chances are good that the
community will contintie to have a‘good supply of fish long into the future.
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GUESTIONS

Is fishing more like farming or like hunting? Why?
What do fish need in order to live?
why is fish reproduction important?

What are different ways that fish or shellfish ensure that those that are
caught or lost are replaced?

Why are coral reefs and other tropical ecosystems so compiicated?
what can happen if fishermen catch almost all of one kind of fish?
Do you know of examples of over-fishing in your own area?

Is protecting the fish enough, or are there other things to protect in coastal
waters to keep the fishery productive?

Why is breaking coral or fishing with dynamite or poison bad for a reef?

What are some of the techniques that can be used tc manage a fishery?

Are traditional fisheries management mez ures still observed i your area?
.

What do you think needs to be done so that there will alway
to catch?

3 be enough fish
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Sauth Pacific Regional Environment Programme
Training Unit C7
CONSERVATION OF NATURE

USE OF THIS UNIT

An important aspect of environmental management is the cunservation
of natural areas and natural resources to ensure the future survival of the
native fauna and flora., This unit gives a simple explanation of conservation
and the reasons for its importance. Each sub-topic can be presented and then
discussed by the group, adding local examples wherever possible.

The treatment of the topic can be expanded with supplementary
materials and audio-visual programmes as appropriate.

AUDIC-VISUAL SUPRPORTS

The TUCN/WWF slide-tape programme Why Conserve Wildlife? can give
a world perspective on the importance of caonservation. A short slide
prograinme on National Parks and Reserves in the South Pacific is available
with this unit,

EXERCISES

If there are parks or reserves in your country, a field trip to visit them
would be appropriate.

There are often local people interested in native birds or plants who
could speak to the group, or even take them on a field trip to some natural
area.

If time permits, participants could prepare shorl projects collecting
information on local species or natural areas in need of protection.
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CSUPPLEMENTARY MATERIALS

The World Conservation Strategy prepared by the Internalional Union
for Conservalion of Nature and Natura! Resources (UOUN) can bz used to
expand the global aspect of this unit. The first saven scctions, including the
introduction, the objectives of conservation and  requirements for their
schievement, are particularly pertinent. [Available from IUCN, 1196 Gland,
Switzerlandl :

-

Trhe Regional Ecosystems Survey of the South Pacific Area by Arthur t.
Dahl (Scuth Pacific Lomnission lechnical Paper Ne. 179, 1980) gives an
cutline f conservation necds and accomplishiments for each part of the
¢ Facific Islands. '

{Unit written by A. L. Dahl}
{Revision 28/11/84]
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CONSERVATION OF NATURE

What is Conservation?

Conservation means protecting something from change or destruction
while permilting its wise use. [t thus involves managing cur use of natural
resources so that we cen benefit from them now without damaging the
possible benefits they can provide in the future. In the Pacific, conservation
of nature is protecling the forests, animals, birds, plants, fishes and marine
life so that they will always be here for future generations to use and enjoy.

There are many reasons for conserving our natural heritage.

-- Human survival and development depend on natural processes that
maintain the system within which we live, for example by making
good sotl, purifying water or recycling nutrients.

-- The native plants and animals of an island are genetic resources,
many of which are found no where else on the planet. They have
had traditional uses, and they may prove to be very useful in the
future.

-~ Biologica! resources are basically renewable; that is, it cared for,
they can  continue to  produce indefinitely.  Since  {uture
civilization will have to depend more and nore on renewable
resources as our oil, coal and minerals run out, 1t s essential
that we conscerve those resources so that our society can
continue to qrow and develop.

-- Natural arcaes are of great scientific interest as places where the
principles of ecology and natural history can be studied.

- The forests in the islands protect moportant watersheds; destroy them
and we may not have enough water for develocpment, cr even to
live.

-- It i nature that makes our islends beautiful places to live, so we
must try to protect that Dbeauty for ourselves and for its
unpertance to lourism.

-- Conservation is unportant for education; students can learn more
easily about biclogy, ecology, geoqraphy and natural history if
they can see examples around them.

-~ Traditional life and culture in the islands depend on the. land and
sea, forests and reefs, so conservation also means protecting the
roots of our culture.
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' Censervation ond Development

Conservation is a part of good development. Soth conservation and
development. try to give people the best possible life that their rescurces
 permit.  Sometimes 3 particular development may overlock some  long-term
costs associated with it, such as a land-cleering project that damages g water
supply, or 2 new factory that pollute: a lagoon and kilis fich used by locai
fishermen. A conservationist would sk i the long-term loss of the waler
supply or fishery anght not be worth more than the short-tecm benefit from
the develaopment, or if the development could not be modified or reiocated to
reduce the damage caused. Environmentasliy-sound development 1s developinent
that continues to produce benefits for the pecple indefinitely into the future.
. A conservation approach can thus heip to choose wise development ihat does
not steal from the future for the benefit of the present.

~Conservation of Species

The Pacific Islands are particularly rich in kinds of plants and anvnals,
called endemic species, that are found nowhere else in the world. This is
because islands sre isolated, and were often populated long ago or by chances
the plants and animals that succeeded in reaching them have often changed
and adapted to suit local conditions. These unique species are an inmportant
qenetic resource for the whole world, and may well prove to be very usefal in
the future.

Unfortunately the populations of island species are often small, anu
they can easily die out or become extinet if the place where they live is
changed or developed, if they are nunted or harvested too much, or if an
introduced plant or animal kills them or crowds them out. Most extinctions in
the last hundred years have been of island species, and many oihers are
endangered, that is they could easily disappear if care is not teken.

Protecting this genetic heritage is a great responsibility for Pacific
people,and one that is ot easy when different needs conflict on a small
island. In the Pucilie, there are many more endangered species in relation 1o
the size of the population than anywhere else in the world. Oiten these
species were important in legends or in traditional life. [ they are lost they
can never bLe brought back, and both the ties with the past and the hopes for
the future wili suffer.

rotected Areas for Conservation

Every country has some areas that need to be protected. These may be
natural areas of farest or reef where rare or endangered gpecies live, areas
where the natural life is particutarly rich or productive, typical examples of o
iocal natural ecosystem, sites of historical interest or uatural besuoty
important for tourism, areas essential to life on the island (such ws by
catching water or protecting against natural disasters), and sites of critical
impoartance to the productivity of resources necessary for developmoent (fish
hresding areas, genetic resources, 2iC.h
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While some laws may protect individual species against hunting or
collecting, the best protection is to set aside the places where they live.
Therefore most countries, including many in the Pacific, have created national
parks and reserves to keep these important areas safe for present and future
generations. National Parks (or territorial or provincial parks in some places)
are qenerally large areas open to the public for recreation and the
appreciation of their natural features. Reserves are usually smaller or
narrower in their purposes; they may be nature reserves, historical reserves,
marine reserves, recreation reserves, hunting or forest reserves. Protected
greas can serve several purposes, like protecting a water supply and providing
a safe place for native birds, or encouraging tourism while protecting a
historical or cultural site.

While it is usually the government that sets aside an area as a national
park or reserve, it is up to all the people to enderstand the impartance of
protecting these areas and to respect the rules for their use. Pacific Island
governments do not have the resources to police these areas without public
support. There have been sad cases in the Pacific where parks or reserves
have not been respected by the people and their natural features have been
destroyved. It is future generations who suffer from such a loss.

Protected areas have many uses apart from safeguarding nature. ey
are places for educating the public about the importance of nature o our
daily life. School children can visit them to learn abeut their natural and
cultural heritage. Scientists can use them for research on the natural
processes that have made lhe islands what they are today, the knowledge of
which is essential if we are to manage them in the future. They can be an
important tourist attraction with benefits for the local eccnomy. Creating
parks and reserves is therefore a kind of development project that has its
place with others in a well-balanced development programme.

There are now about a hundred parks and reserves in the South Pacific
region, including National Parks such as Varirata in Pepua New Guinea and O
lLe Pupu-Pu'e in Western Samoa, nature reserves like Montagne des Sources in
New Caledonia, omaniivi in Fiji, Maug in the Northern Marianas, Rose Atoll
in American Samoca, and Taiaro in French Polynesia, and marine reserves such
as Palolo Deep in Western Samoa, Yves Merlet in New Caledonia and Monuafe
Island in Tonga. These preotected areas include important examples of
undisturbed natural environments, but they are still not enough to protect the
great natural diversity of the Pacific lslands.

Individual Conservation Actions

Since conservation means keeping our resources productive for the
future, there are things that everyone can do to contribute to conservation.

It will be very difficult for governinents to set aside enough examples
of different kinds of native forest, reef, and other natural or beautiful areas
as national parks and nature reserves fo mect the needs for consarvatiorn,
education, scientific research and recreation.  Local tribal groups and
land owners can crganize lo protect their own resources, as has been done
with the wildlife management asreas in Papua New Guinea.  Traditional land
owners can also preserve parts of their land which have natural or cultural
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importance by not developing them in ways that would damage their fealures
of interest; such "family reserves” could play an unportant role in island
conservation,

Farmers and land owners can plan the wse of their land to protect the
seil for gardens and to maintain their supplies of food, firewood, forest
products and water. For instance, trees can be left aslong stream banks, in
upper watersheds end on sieep siopes. Trees are important, so anyone who
cuts one down can plant another,

Fishermen can aveid using desl ctive methods fike dynamite, paisons,
coral breaking or small-mesh nets, and can try not to overfish any one area.
They can even stop fishing for a2 time In some areas to allow the figh
populations to recover, jusi @s was often done under the colid taboo system,

Traditicnal Conservation

Peopie jiving traditicnal ways of hfe in the Pacific paid close attention
to the natural environment and often managed i@ wisely. They %new when to
use resources in modergtion, of when a wrong prectice would damoos &
resource for later use. Tahoo areas o the forest or on Llhe reel were
conservation areas just like parks or reserves, Today auch of the knowledge
that old people have about the farests, medicinal plents, fishes, reef life, and
places to protect is being forgotten. Young peeople are away at school, or not
interested.  Since there are many wise things in the traditional ways that can
help in  managing island resources today, conservation should include
preserving such knowledye so that it can be applied to modern problems.
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GUESTHONS

Why Is conservation important in your country?

Why 1s conservation important to the whole world?

s conservation against development?

Why can a nalional park be considered a development project?
What can happen if development goes ahead without conservation?
what should be done for conservation of nature in your country or
What can yvou do In your own area to help conservation?

What are some traditional types of conservation on your island?

island?
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ANNE X
National Parks and Reserves in the South Pacific
SLIDE PROGRAMME

This short slide programme shows some of the national parks and reserves that
have been created by island countrics in the South Pacific to protect areas of
scientific interest, natural beauty, or importance for resource management,

SLIDE LPESCRIPTICN

1. Title Naticnal parks and reserves  are places
set aside to protect’ features of natural or
historic interest. A park is open to the
public for uses that do not disturb its natural
features, like recreation or education. A
reserve is smalier or has a special purpose
itke protecting an endangered speciss or a
tourist site.

2. Park factlities There are only & few national parks in the
region, including 1 in Western Samoa, 2 in
New Caledonia and a few in Papua New
Guinea.  This is a view of the wvisitor
facilities in Varirata National Park near Port
Moresby, Papua New Guinea.

3. Palolo Deep from air iMiore countries have  established  marine
reserves, including  American  Sainoa, New
Caledonia, Papua New  Guinea, Tonga,
Western Samoa and Venuatu. This is an aerial
view of the Paloio Qeep Marine Reserve near
Apia, Western Samca.

4. Reef flat _ Palolo Deep is a depression in the reef flat
that 15 often visited by tourists.

5. Corals It contains many fish and large corals,
Making it a reserve protects its beauty as a
tourist resource.

6. Ha'atafa Beach Tonga has created 5 marine reserves in the
waters off Tongatapu. This is the Ha'atafa
Beach Reserve protecting a beach and reef
often visited by tourists.

. Corals in reserve The Tongan reserves protect” areas of rich
coral and reef life that should become
centres of reproduction helping to maintain
the fish populations on surrounding reefs
where fishing is allowed.
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Such  reserves are  especially important o
arcas where there are many fishermen and
problems of overfishing. Howsver enforcing
the prohibition an fishing 1y reserves is not
always easy. The peonis must be educated to
cee the mportance of the reserve.

in New Caledonia, the Yves Merlet Resgrve
protects a 16,000 hectare section of the
harrier reef, There are also reserves arcund
islats  often  visited by tourists, and a
rotabing ::serve protecting the most vistted
parts of the barrier reef from cverfishing.

Soime couniries have  setb aside whole
uninhabiled islands or atolls as reserves. This
ic the Rose Atoll Nat:one! Wildiife Refuge in
Amoerican  Samoa.  There are other island
resecves  in Kiribati, Cook lslands, French
Polynssia, end the Northern Mariana islands.

Other  types of reserves are necded Lo
protect the breeding areas of species that
migrate around the region, such as turtles
and cea biras. This is an islet on Tetiaroa in
french Folynesia where seabirds breed.

Seabirds, lixe many animals, are vulnerable
to disturbance while nesting, so  this
protection is itmportant i thelr populstions
are to be maictained. :

Making a reserve may be the best way to
protect historic and archaeological sites of
great cultural importance.

Gther conservation measures besides reseirves
are also needed to protect wildlife. In Fapua
New Cuinews, crocedile farms like this one
are encouraged to provide village income,
The people then protect the wild crocodiies
shich provide the babies for their farms.

Many more  parks and reserves are  stili
needed to protect the important atural
areas, historic places and habitats of rare
gpecies  in the islands, iike this mountain
forest and crater lake on Savali, Western
Samoea.
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South Pacific Regional Environment Programme
Training Unit C8

CORAL REEFS

USE OF THIS UNIT

This unit gives a basic explanation of what a coral reef is and how it
works, as well as somc of the problems associated with coral reef
management. The text ean be studied by or presented Lo the group, with the
aid of the coral reef poster. Audio-visual materials and/or field trips are
essential to give visual and practical experience with coral reef areas.

AUDIO-VISUAL SUPPQOILTS

The slide programme accompanying this unit  covers material
corresponding to the tlext, There are also a number of films avaiable
illustrating coral reefs. Where projection facilities are unavailable, there are
many books about reefs with excellent color pictures which can be used to
Hllustrate the unit.

EXERCISES

fhe best possible exercise is a field trip to a coral reef, which should
not be too difficult to arrange in most Pacific Island areas. A relatively
protected reef or a patch reef in a lagoon are the best sites for such an
introductory field trip.

If possible the trainees should be provided with masks or goggles,
preferably with snorkels, to make it possible to see the reef life under water.
Sturdy shaes (tennis shoes or equivalent) are necessary if a reef flat must be
crossed on foot, Ideally the group should be accompanied by someone who can
explain features of coral reef ecology in the field and point out interesting
features,

SUPPLEMENTARY MATERIALS

Related Lopics are treated in the units on lagoons, mangroves, fisheries
and monitering coral reefs.

The UNESCO "Coral Reef Management Handbook" can be obtained from:
UNESC{U Regional Office for Science & Technology for 5t Asia, Tromol Post
273/3K1, Halan Thamrin 14, Jakarta, Indonesia.

(Unit written by A. L. Dahi)
[Revised 06/03/85]
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TEXT

CORAL REEFS

What are corzl) reefs?

Coral reefs are built near the surface in tropical seas by the
accumulated skeletons of tiny animais (mostly corals) and plants (coralline
algae). Wherever sunlight reaches a suitable bottom, such as on the side of a
volcano that has reached the surface, corals will start to grow. Over many

s

years they build a reef that fringes the shereline {a fringing reef).

Fringing reef

If the reef grows out farther from land, or the land sinks and the reef
keeps growing, then a barrier reef is formed with a iagoon behind it.

Barrier reef

If & volcanic island that started with 2 fringing reef sinks completely
beneath the surface, while the rcef keeps growing, then only a ring of reef
around 2 lagoon is left behind, making an atoll

v

Sometimes an atoll or coral reef s lifted out of the water, making a
fial raised coral isiand ke Tongataepu, Niue, Makatea or Nauiu.
Iy

Paised caral island



Why are coral.reefs important?

Coral reefs are a verv productive tvpe of ecosystem with many kinds of
plants and animals crowded together. Even though the clear waters of the
tropical ocean are very poor in life, coral reefs are able to ccilect and
recycle the materials they need to grow. They are thus to the tropical oceans
as an oasis is to a desert. This makes them of great scientific interest.

The reefs are important to the life of many island people. The fish,
shelifish and other reef animals are an important source of food, providing
essential protein for island diets. Many different kinds of fishing and food
collecting are possibie in reef areas, producing very high catches, although
these can be reduced by overfishing if care is not taken,

As coral reefs grow, they add to the size of islands, making sand,
rubble and rock that build the island. They also take the force of the waves,
protecting the land behind. They thus help lo protect the island from storms
and keep it from washing away. Many Pacific Islands are inade entirely of
coral reefs, and most others have been added to or protected by them. The
relatively calm and productive lagoons of many islands are also created by the
surrounding reefs, Since reefs are built by living plants and animals, anything
that damages the life on the reef also slows or stops its growth, threatening
the long-term future of the island.

It is therefore important to know something about what makes up a
coral reef and how it works.

Corals

Corals are made up of tiny animals living in colonies of many thousands
that grow together to produce the coral skeleten. Each coral anima! or polyp
has a central mouth and stomach surrounded by a ring of arms or tentacles
with which it catehes its food (tiny plankton animals) floating in the water.

Corals also get food from single-celied plants calied symbiolic algae
that live inside them and make food from sunlight just like other planis.

Reef-building corals only live in shailow water where there is enough
linht, and they wiii dic if the water gets too dirty for light to reach them.
Corals grow very slowly, so if they are broken or killed by poliutic: or
dynamiting for fish, the reef will take many years to recover.
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Many corals have branches and look like plants. Indeed, they are to the
reef what trees are to the forest. Just as the forest birds disappear when the
trees are cut, so do most reef (ish go away when the corals are breken or
killed.

Types of corals

Algae are simple plants that make most of the food for the cora! reef.
Some of the larger seaweeds, often called limu in the islands, are also ecaten
by peopie.

Many alqgae have stony skeletons like the corals, and they may be as
important as coréls in building the reef and in producing the white sand of
coral beaches. The pink caralline ainae help to cement the coral skeletons
together to make 'a strong reef, and often form an algal ridge just where the .
waves break, thus protecting the more fragile corals behind.

Types of reef plants
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Animals

There are many kinds of animals and fish that live on the reef and are
important to reef ecology. Some eat mostly algae and other plants. Others eat
corals or other animals. S5till others eat dead material {detritus} and thus help
to keep the recf clean,

Reef animals such as octopus, shellfish and fish are often collectod ot
low tide, or at night with torches or lamps, and provide protein fu- island
diets. Reef shells are used for handicrafts and are popular with coliectors,
but if too many are faken. this can upsat the balance of reef life.

Types of reef animals

Coral reef ecology

The coral reef ecosystem is both very old and highiy efficient, wilh
many hundreds of kinds of fish, planis and marine animals crowded together in
complex communities rather like modern cities. Reef life is efficient at
recycling food and nutrients within the system, and each species has a special
role to play, just like the many occupations of people living in a city.

The reef ecosyslemn requires a stable environment without snuch change
in water quality or temperature; if that environment is disturbed, the reef
may die or may Lake many years to recover.

A cora! reef is built up over thousands of years by the skeletons of
generations of corals and algae, yet man can destroy the living system of the
reef in a few moments. Evidence from many parts of the Pacific suggests
that 'many coral reefs are declining steadily in quality and productivity.
Damaged and degraded reefs are now the rule around centres of population. If
this trend continues, an important resource for many iclands wili be lost.
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What is destroying coral reefs?

LLife en a coral reef is a delicate balance of many factors, and as with
any living commun'ty, it may go through natural changes. These may be
random changes, cycies of growth and destruction that repeat over time, or
progressive evolutichary developments, say from one type of reef or structure
to another., Human lactivities can interfere in many ways with this balance.

Some protlems come from the use or misuse of reef resources.
Overfishing or heesvy spear-fishing (which selectively removes the large
predatory fish) may lower fish populations, particularly of the most useful
species. Collecting of shells, couvals or aguarium fish can also upset population
balances. Destructive fishing techniques like breaking coral, or using dynamite
and poisons destroy the structure of the reef and can kill everything including
the baby fish and the food on which the fish depend. Too much use of such
techniques can turn a rich productive reef into a desert.

Many kinds of pollution can also damage or desiroy a coral reef. The
most important in the region is probably sediment and muddy water from soil
erosion on land. As land is clesred the soil washes away and generally ends up
in the lagoon or on the reef. The muddy water keeps light from reaching the
plants on the bottom, and the sediment smothers the corals and other animals.
Many cities and villages also empty their waste water and sewage onto the
reef, changing the balance of nutrients and making the seafood unsafe to eai.
Runoff from agricultural land may include pesticides and fertilizers. Ports,
industries and power stations may cause serious local pollution from oil,
industrial wastes, heat or heavy metals.

The reef can also be disturbed or damaged directly by dredging or
construction. Even recreational activities like diving and boating can cause
broken coral; in areas of heavy use, much of the coral can be broken over
time. The reef can alsc be disturbed biologically by the introduction of
species not previously found there, or by population explosions such as the
coral-eating *“crown-of-thorns™ starfish, Acanthaster, which may have both
natural and human causes.

Crown-of-thorns starfish
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Use and Manatjcmcnt of Caoral Reefs

Traditional fisheries in the Pacific made good use of coral reef
resources, based on detailed knowledge of many reef fish and other animals.
in many cases the amount of fishing was contrelled, often by taboos and other
practices, and some of each kind of fish was taken at different times so that
the balance of reef life was maintained. The limitations of traditional fishing
technolegies and sailing canoes also meant that many fish escaped and that
more remate reqgions were rarely fished.

Modern technologies like nets, boats and diving equipinent have mades
fishing easicr today, but they have not made it possible for more fish to live
on the reef, and after an initial period of success, catches have often
declined with overfishing, somelimes even to less than traditional levels, Many
subsistence fisheries seem to have approached the sustainable calch on local
reefs, and attempts to develop large-scale commercial or export fisheries in
coral reef areas have generaily failed.

The increasing damage to coral reefs by development, polivtion and
destructive fishing has also reduced the amount of fish a reef can produce,
while the demand for fish has generally increased. The risk of ciguatera fish
poisoning has also made many fish resources unusable.

Cora!l reefs are difficuil to manage because they cannot be fenced in or
protected like land sreas. They are influenced both by the open ocean and
often by the adjacent land, as well as tides and currents that can bring
damaging factors from far away,

Cften traditionzl msanagement rules can serve as guidelines for modern
management practices in reef fisheries. Whan new techniques are inireduced,
their use must be kept within the limits of the resource. The prohibitions on
dastructive techniques like dynamiting must be strictly enforced, especiaily by
the fishermen themselves.

Where reefs are subject to damage from the land, such as erosion,
fresh-water run-cff or poliution, controlling sctivities on the land is the only
solution.

The creation of ceral reef reserves or other protected areas can
provide reservoirs where healthy popuiations can multiply and spread to
replace fish caught in adjacent areas. The breeding sites and migration routes
for importiani. fish species may also need to be protected.

Many coral reefs in the Pacific have already been damaged by man's
activities. Only ecareful management can prevent further damage Lo reef
resources and maintain the productivity of coral reefs on into the future.
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What can you do?

If you are a user of coral reef resources, you must realize that the reef
is a jiving community and learn to respect its limits.

Fishermen should just catch what they need, being sure to leave some
fish behind to replace what they have taken. Avoid catching anirmals while
they are reproducing; wait at least until they have left a new generation
behind. If the catch size gets smazller and smaller, fish for something else and
let that arca or species recover.

Villages or family groups with traditional fishing grounds can decide
together on the rules needed to manage their reef fishery wisely. Such rules
might include a ban or limit on spearguns, requiring nets with a mesh size
large encugh to let littie fish escape, and the prohibition of damaging fishing
techniques. Access to certain areas can also be limited, and reserves or
closed seasons established to protect the breeding arcas and times of
vulnerabhle species.

tven if you do not live on the coast, your actions may be damaging
coral reefs. Cutting too much forest, clearing the land without erosion
controls so that it washes away in heavy rains, overuse or spiliage of
fertilizers or pesticides, pollution of water by village or city wastes, are ways
in which everyone living on an island may contribute to hurting coral reefs
and other coastal resources. Only whan everyone observes the principles of
good environmental management can resources such as  coral reefs be
preserved.,



CB Corzl Reefs
w0 &

QUESTIONS

What do coral reefs do for Pacific Islands?

How are coral reefs made?

What do the coral reefs look like in your area?

Are there many fish on your reefs?

if not, what has happened to them?

What was fishing like in your grandfather's time?

Are any traditional fishing practices or controls still used today?
Have reefs In your area been damaged?

If so, what has danaged them?

What can be done to manage vour reefs more wisely?
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ANNEX
CORAL RUFEFS

SLIDE PROGRAMME

This slide programme describes coral rcefs and iliustraies some of the
principles of coral reef ecology, as well as touching briefiy on some threats
to coral reefs. It can be used to introduce the coral reef environment, or as
background, together with the text of unit C8, for a discussion of coral reef
management. The illustrations have been taken from both Pacific and
Caribbean coral reefs. (All photongraphs by A. L. Dahl.

SLIDE NARRATION
1. Title What are coral reefs?
2. Coral reef (Palau) Coral reefs are ridges or structures of coral

limestone built in  the warmn  waters of
ghallow tropicel seas

3. Corals (Samoa) by the accumulated skeletors of corals and
algae piled up slowly and cemented togelther
over mar  thousands of years.

4. Vo'canic island & reef Wherever in the tropical océans there is a
hard bottom near the surface, as here on the
voleanic island of Tahiti, a coral reef will
start to grow out from the shore, making a
fringing reef.

5. Fringing reef from air As the reef grows out, it leaves a shallow
reef flat behind it which can be an important
fishing area, as shown by the V-shaped fish
traps on this reef flat on Yap. Reefs are an
important source of protein food in many
iropical areas.

6.  Reaof from air Since fresh water kills corals, there may be
gaps in the reef at the mouth of rivers or
sireams, as here in the reefs of Samoa.

743 Barrier reef If the land sinks or Llhe sea level rises, the
reef may keep growing up o the surface bu!
farther offshore, making a barrier reef such
as this one in Palau with a deep lagoon
pbehind it.
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B. Rose Atoll A volcanic island may sink  completely
4 beneath the surface while the reef keeps
growing, leaving only a ring of coral reef
which makes an atoll with a lagoen in the
middle. This is one of the smallest, Rose
Atoll, in American Samoa.

9. Atoll isiet The land on atolls is made by coral sand and
rubble piled up on the reef flat by waves and
stormsg to make low islands only a few metres
above sea level such as here at Kayanqel
Atoll near Palau.

13. Part of atoll from air Some atolls like Butaritari in Kiribati may be
very large, with long narrow islands on the
reef surrounding lagoons of hundreds of
square kilecmetres in area.

11, Manuae Atoll The stoll lagoon may be deep and open to
the sea, shallow and nearly filled with sand,
as here abt Manuae in the Cook islands, or
even closed completely by the reef with
water fresher or saltier than sea water,

12. Nauru Occeasionally an atoll or reef may be Lited
out of the water to make a raised coral
limestone island, like Nauru shown here.

13. Ciliffs, Niue The former coral reef then becomes cliffs
into which the waves begin to cut. itus
picture was taken on Niue, another raised
atoll.

14, Elkhorn corals When conditions are right on a young coral
reef, fast-growing corals like this elkhorn
coral may help it to grow rapidly to the
surface, as here on Glover's Reef, an atnll in
the Caribbean,

15: Reef crest Since corals cannot qrow above the surface,

the reef stops growing upward, and fills in Lo

make a solid reef crest iike this on thi
barrier reef of Belize in Central America.

6. Reef crest Since this part of the reef receives the full
shocik of the waves, most corals are not
strong enought to grow there, and therr
place is often taken by coralline algae which
cement the reef together.

17.  Algal ridge These stony algae may build up the edge of
the reef in the wave zone, making an algal
ridge such as here on Tutuila Island,
American Samoa.
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The coral reef makes a breskwater, reducing
the force of the waves and prolecting the
land from erosion, while the reci animots ond
plants take from the noving seaz waler the
food and materials they need to grow. The
pink cclor of the vcorsilice algae s
particularty wvisible here on the raei of Rose
Atoll

A reef may be more or less straic
reqular in shape, depending cn the for
slope of the bottom, The reef here off
1N Western Samosz Is irreqguiar becstse  the
bottom slopes very gently.

hL of
¥

Pieces of broken corai znd sand from the
reef will be carried back by the wives,
filling in the area behind the reef to make
shallow back reef azreas like this ovne n the
Dahamas,

These back reefs may be covered wilth algae
or seagrasses producing food for fisn and
other anumals. This is on the Belize Larrer
reef.

Here in American Samoa there are corgls
grewing on ithe back reef where i dreps into
the deeper lagoon. A reef like this may grow
on both its gutside and inside maryins.

Different types of corals and rects grow i
the more protected waters of inhe lagoo:

like this' patch reef n the lsooon of
Aitutaki, Cook Islands.

Shallow lagoon floors such  as  here 0
Kayangel Atoll may be covered with thickers
of corals.

There may alse be fringing reefs along the
iand or around isieis inside the lagoon, Like
this one on an islet in the lagoon of New
Caledonia.

The richest coral growth may often be on
the outer front or siope of tfe roei where 2
drops into deep water. The cisar coean
water allows the light neciesary for reef
grov/th to reach the botiom tznz or hundreds
of metres deep.
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27.  Farereef slope The corals on the reef front slope like these
: at Munda in the Solomon islands grow over
each other in their efforts to get the most
light and foud. At the same time (hey
provide shelter for the fish and other
organisms on the reef.

8. Corals on reef slope The variety of forms and shapes of corals
can be very rich. On a healthy reef like this
at Ant Atoll near Ponape the corals may
completely cover the bottom. The coverage
of living coral is often used as a measure of
the health of a reef.

29.  Diver on reef slope It is the stony coral skeletons thal provide
most of the material for building the reef.
The amount of living coral therefore
determines how fast the reef can grow. This
is a very rich reef in Palau.

30.  Diver on deep reef The lower limit of coral reef development
may be determined by the presence of a
sandy bottom to which corals cannot attach,
or by the depth to which enough light
penetrates (which depends on how clear the
water is). Here in SBelize there is often a
sandy shelf at oyer 20 metres depth.

31, Deep coral community Such deep 'coral communities may still
include many Kkinds of corals, algae and
animals living closely together.

32. Deep coral growth Here in Palau the is extensive coral
development gqoes very deep. However in
some places where the reef has sunk faster
than the corals can grow, a reef may be
"drowned" and no lenger be able to reach the
surface.

33. Branching corals There are hundreds of kinds of corals with
many different forms, such as these with
many narrow branches in Palau.

24, Staghorn coral l.ooked at closely, you can see the tiny loles
where the individual coral animals live in the
colony. This common type of branching
staghorn coral is one of the faster growing
corals; its branches might grow 100
millimetres in a year.

35. Teble coral Other corals like these table corals in Samea
form flattened sheets on @ central pedestal
or sticking out like a shelf from a vertical
surface.
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Some coral colonies are made up of leaf-like
sheets sticking up from the bottom. On this
coral in Belize, some algae are shellering
between the sheets where grazing fish
cannct reach thoem so easily.

Corals like these in the Solomon [slands mnay
form solid massive heads. They may arow
more  siowly than more delicate corals, but
they are very resistant to wave and storm
dhinage.

Soma solid corals form knobby growths as i
reaching up for the light coming from the
surface. All reef-building corals reguire fight
in order to grow well, because they depend
for much of their food on tiny plants or
one-celled algae living inside the aninals.
The plants and animals help each other in
what s called a symbiosis; the algae feed
the ocoral animals, and the corals house,
protect and fertilize the algae.

Looked at ciosely, it is again possitle o see
the holes where the coral animals live. The
stony skeleton they make sround them belps
to protect them from the waves and the
many bhungry things on the reef. The color of
2 coral comes from the szigae living inside
the coral animals. If the corel dies, its
skeletun turns white before being overgrown
by other kinds of algae like sll other reck on
the reef.

This soild coral is calied a brain coral
because the animals live i grooves hat
resemble the surface of the brain.

Swimmers and divers usually recognize the
fire coral, a close relative of the true
corals, hecause it can sting thein 1f they
touch it, While all corals can catch foud by
stinging tiny animals in Lhe water, only the
fire coral has a sting strong ecsugh to go
through our skin,

This close-up view shows ihe little white
coral snimals or polyps ocut feeding on the
Australian Great Barrier Reelf. The food they
catch gives them both energy and important
nutrients which they can pass on to their
symbiotic algae.

i
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Fach of these extended polyps shows the
typicai form of a coral animal i he
cylindrical body has a mouth in the muddle
surrounded by a ring of tentacles or arms
covered wvith stinging cells which paralyze
their prey so they can puil 'hem into their
mouth and eat them.

Corals reproduce by releasinc liny swimming
stages that look for a good place to settle
down and grow into young corals like this
one. It is not easy on a reef to find space
that is not already occupied, and this can
make it bhard for corals to re-establish
themselves after they have been kiiled of{ or
the reef has been damaged.

On the other hand, -under good conditions,
some corals like this one on the Great
Barrier Reef can live to be hundreds of
years old. This coral only grows a few
milimetres a year, and it has reached @
diameter of more than 2 metres.

Not a!l corals have stony skeletons that help
to build the reef. These soft corals in Samoa
feel rubbery to the touch.

Most reefs like this one in Palau have some
soft corals, but if there are so many thatl
they replace the stony corals they can keep
the reef from growing. On some reefs where
the hard corals were damaged, soft corals
have taken their place and prevented them
from coming back again.

There are other colomal animals that live
like the corals by catching feocd in the
water, but do not make a stony skeleton.
This beautiful sea fan 1n Belize has a
flexible horny skeleton.

All the things in this picture from the
Bahamas may look ilike plants, but they are
animals like the sea fans and gorgonians.

This reef rock in Fiji does not look very
interesting, but the slight pinkish colour
shows it is covered with a crust of coralline
algae which may be as important as cerals in
building a coral reef. Some reefs may even
be built more by thase stony plants than bv
corals. '
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Those hard purple knobs from Australin ars
ancther kind of coralline algue. The stony

v
coral fragments togeiher to wmake a soli
reef. Certain kinds even prefer growing
where the waves are too strong for corals £0
live, building the algal ridge at the edge of
many reafs,

It is the plants, of course, thwat make Lhe
food encrgy from sunlight which powers the
coral reef ecosystem. There are many xinds
and colours of simple plants o algae on o
coral reef, like these red algas from Clover's
Reef atell in Belize.

Other algae may be brown, like this one
which makes a whitish layer of lime on its
delicate .ronds lo proiect them from too
IMUCH sun.

Algae such as these from Guam can coves
important parts of the reef, wnere they
serve &8 focd for lhe many kinds 0 reef
ammals and fishes. Some are thick, tosugh and
slow growing: others are small, delicate and
grow ver = quickly. :

Same algae like this brown ore grow close to
the surface to make it harder for waves to
tear them off or for animals to cat Lhem.

The green algas sheltering among  the
branches of this coral at Heron lIsiand in
Australia make a lime skeleton to protect
the plant. When they die, the pteces of
skeieton are an imporfant source of coral
sand,

Most surfaces of a reef tnat zre not
occupied by living coral or other animals are
covered bv a fine turf of many kinds of Uny
algae. These plants grow very fast and may
be eaten just as fast by grazing animals, so
even though they may not icok important,
they may produce an important part of the
foud energy available on Lhe reef.

Even loose pieces of broken ecaral lying on
the reef may prove on close examinotion te
be covered by a fine fuzz of sigae providing
food and lodging for other kinds of Liny
creatures.
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Sandy lagoon bottoms nesr reefs may well be
covered by beds of algae or sea grasses like
these in Puerto Rico. Such areas serve as
pastures for fish and other reef animals.

A sample of Lthe kinds of animals on a coral
reef will show why it is such a complicated
ecosystem. There are many kinds of fish such
as these on u reef in Palau, each one living
in some different way, often on different
kinds of food,

Some like these in Fiji may feed on tiny
animals or bits of food in the water, and
they stay close to the coral where they can
hide among the branches ify a bigger fish
comes wanting tc eal them.

The grey damsel fish fiercely defends its
little territory so that the algae grow con the
dead coral branches and it will always have
enough to eat,

There are always fish waiting to nibble on
whatever is edible, This wrasse changes ils
colour and sex as it gets older.

Parrot fish like these in Belize have & beak
like a parrot that they use to bite off chunks
of coral and rock. They help to wear the
reef rock down and make sand, and the little
bare places left by their bites may make it
possible for baby corals or other organisms
to settle and find a place to grow.

The sea anemone and the clown fish are
another of the cases of mutual help or
symbiosis so commen in  the coral reef
ecosystem. The anemonc eats fish, but lets
the clown fish bhide among Iits stinging
tentacles. The clown fish attracts other fish
to be caught by the anemone, and in return
receives protection and a share of the
scraps.

There are many shellfish on the reef, like
this giant clamm near Lizard "Island on the
Australian QGreat Barrier Reef. Like the
corals, the clam has algae living under its
skin, from which it gets its food in return
for fertilizer and protection. Giant clams
like this may be almost a metre long, but
they are becoming extinct on many islands
because they are so easily collected.
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67, Starfish- The starfish stick their stormach sut to eat
whatever  they are  sitting oo, The

crown-of -thorns starfish eats corals, and its
population explesions in recent years have ot
least temporarily killed corals on any
Pacific coral reefs.

66.  Sea urchin Sea urchins scrape up bits of food and dabiis
they find along the bottom., Their charp

suines defend them against many things that
would like to eal then.

&9, Sea cucumber The sea cucumber or beche-de-mer usually
prefers sandy bottoms where it can suck up
the sand and eat whatever is growing on the
sand grains.

70. Worms There are many wopmns and other animals
that bore holes in the corals or reef rock
and live inside, &t the same lime
contributing to wearing dowr the reef,

7l.  Sponge Sponges are very simple antinais ihat pump
water in and out to filter cui whatever they
can find to eat.

7Z2.  Orange sponge They may be hbrightly coloured like thic
orange sponge to warn anything trying to eat
them that they have many sharp soines
buried i their flesh.

73. Beach All these reef plants and animatls together
form the coral reei ecosystemn which has
built many tropical islands and made the pure
white sand for many beaches. Since the zand
comes from living things, anything that
damages the living system will eventually
affect the beaches and the  islands
themselves,

74.  Sea urchins in rock A coral ceef is both growing and eroding at
the same time. These sea wurching on
Rarotonga wear away 2 hole for themselves
in the rock of the reef. A healthy reef has
more growth then erosion, but a demaged
reef may stop growing and start shrinking,
with the loss of many valuable lsiand
resources.
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Today more and more reefs are damaged or
destroyed by man's activities. This reef in
the Truk lagoon was blasted with explosives,
an easy but very destructive way of fishing.
Any kind of fishing that' invelves the
smashing, breaking or potsoning of corals
destroys the very things 'hat feed and
sheiter the fish being caught.

iMany corals and reefs have been smothered
by sediment washed off the land because of
land clearing and ercsion, as here in Hawalli,
or stirred up by construction and dredging.
The cloudy water keeps the light from
reaching the bottom, so those corals wnd
plants that are not sinothered by the siit die
from lack of light.

Pollution is another danger for coral reefs.
This reef in Kaneohe Bay, Hawaii, was
poliuted by sewage, which so ferlilized the
green bubble algae thst it grew over and
covered up the corals.

Such a severely polluted reef seems like a
nightinare.  Fortunately the pollution was
removed and the coral reef is fnow
recovering.

isiands are short of land, so coral reefs are
often threatenad by big construction projects
which can destroy the productivity of large
reef areas, like this airport runway in
American Samca.

Cora! reefs are too valuable a resource to be
destroyed. We must make every effort to use
and manage them wisely.
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South Pacific Regional Environment Programme
Training Unit C9

LAGOONS

USE OF THIS UNIT

This unit describes the special characteristics of lagoons which make
them places needing careful management. The material is supplementary to
the previous unit on Coral Reefs (C8). It can be considered optional or
omitted entirely in areas where lagoons do not occur.

While all types of lagoons are discussed in this unit, emphasis should be
placed on those types which are found locally, and local examples should be
added whenever possible.

EXERCISES

Field trips should be made to as many types of lagoors as are readily
available. Opportunities to swim or dive in the lagoons would be especially
valuable, as they can give first-hand experience of lagoon environments, and
often permit the discovery of phenomena such as thermoclines or salinity
differences which are more easily experienced than described.

(Unit written by A. L. Dabl)
[Revision 27/02/85]
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LAGOONS
Lagoons are common in the coastal environments of many isiands. They
are areas of water with some link to the sea, but sufficiently cut off or

protected sa that there are special environmental conditions inside them. They
therefore present special probiems for environmental management.

Types of lagoons

The type of lagoon depends on the form and origin of the island and
often the stage of coral reef deveiopment, since it is often coral reefs
growing up to the surface that cut off and protect an area of waler, making
3 lagoon. Even a fringing reef may have a depression between the reef crest
and the shore, forming a narrow shallow lagoon. A barrier reef can be up to
several kilometres offshore, creating a large lagoon which may be tens of
metres deep and contain islands and patch reefs. iMost atolls are more or less
circular in form, with the atoll reef enclesing what can be a very large
lagoon. 1f the reef is not complete, the lagoon inay be very open on one or
more sides, or it may be joined to the sea by channels or passes through the
reef. If the reef is well developed, or the atoll has risen slightly, the lagoon
may lose all surface connection with the sea.

Sometimes a lagoon may be made by the shape of an island or a group
of nearby islands creating protected areas of water. Shallow coastal lagoons
may be created when a low-lying area of water is more or less cut off from
the sea by mounds of sand or rubble piled up by storms or waves.

A related type of environment is the estuary, the enlarged area at the
mouth of a river where the fresh-water from the river mixes with the
salt-water from the sea.

Because lagoon waters are protected they are more accessible to man.
They may be very productive, and thus are important fishing areas. At the
same time, towns and villages are often built along lagoon shores, and Llhey
may be developed as porls. These activities can create important conflicts.

The lagoon environment l

L.agoon envircniments differ in & number of ways from other coastal
waters. Where the exchange of water with the ocean is limited, the acean can
no longer exert its stabilizing influence on the temperature. Lagoon
temperatures tend to be more variable and more extreme Lthan’in the adjacent
ocean. The shallow water mass of the lagoon is more easily heated by the sun
during the day, and cooled by radiation and evaporation at night. After a long
day in the full sun, lagoon temperatures can rise quite high. If the lagoon is
deep enough, and the water mixing caused by the wind does not reach to the
bottom, then a thermocline may develop. This is when the warm surface water

lies on top of the deep cooler water, and the sharp difference in temperature
between the two keeps an exchange of water from taking place. If you dive
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through a thermocline, you can feel the water suddenly get colder. The high
and variable temperatures in a lagoon may limit the kinds of plants and
animals that can live there,

The salinity, or saltiness, of the ocean changes very little. However, in
a lagoon, the salinity can also be more variable. Heavy rainfall may dilute the
water of the lagoon, making it less salty. Water draining off the land,or
coming ‘down rivers and streamns may also dilute the lagoon. The less the
lagoon is connected to the ocean, the more extrene the effect will be.
Sometimes the fresh-water will even float in a layer on top of the salt water,
and you can see a "blurred" zone where the two mix. If a closed lagoon
receives a lot of sun and very little rain, than the opposite may take place.
The evaporation of the lagoon water can increase the salinity well above that
of the surrounding ocean. Again, the kinds of marine life that can live with
wide changes in salinity are limited.

Water movement can alse be more limited and more variable in lagoons.
Waves may enter the lagoon through passes or channels, or they may
occasionally wash over the reef. As the tide rises and falls, there may be
flows of water into and out of the lagoon, with very strong currents in the
passes. Large lagoons may have currents driven by the prevailing winds.
However, in general, lagoons provide a shallow environment protected from
the extreme water moveinent of wave-swept shores.

Lagoon life

Lagoons that are open to the sea may have many of the same corals,
fish and other sea life as the ocean itself. As the conditions in a lagoon get
more variable and more extreme, the number of kinds of things that can live
there will get smaller and smaller, although those things that can live there
may get to be more comumnon,

The life of lagoons may be more productive and abundant than in the
sea outside if there are nutrients that go into it from the land, or if it is able
to accumulate nutrients because it is protected. The shallow lagoon bottomn is
often covered with beds of seagrass or seaweed, and reef corals may grow on
the lagoon edges and on patch reefs within it. [t may provide important
breeding or feeding areas for fish or other animals outside the lagoon as well.

Some lagoons support fisheries that are very important for the island.
They may have bait fish that can be used to fish for tuna. Certain lagoons
have important beds of pearl oyster, Others may have sheilfish that are
collected locally for food.

If a lagoon becomes too closed, however, there inay not be enough
water exchange and the lagoon may become stagnant and support much less
life, There may even be no oxygen left on the bottom for animals to live.

Because the lagoon environiment is often less stable, there inay be big
changes in the kinds of plants and animals that grow there. Something may
multiply until it seems to be everywhere, then it may die off, to be replaced
by something else. These changes may follow the seasons, or they may happen
without any apparent reason.
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Vulnerability to changes

Lagoons, like the islands of which they are a part, may go through
important changes over a iong pericd of time. The coral reef may grow up and
cut them off more and more from the ccean. They may gradualiy fill up with
sediment until they become part of the land. If the island is sinking, a lageon
may gradually lose its protective barriers and become part of the ocean
shoreline; if the island is rising, the lagoon may be lifted up until its bottom
is dry land. Sometimes a natural change may seem sudden, as when a growing
reef finally stops the fiow of ocean water into a lagaon and its water quality
and populations change very quickly, but usually these changes are so slow
that we hardly notice them.

When man decides to change a lagoon, he can do it much faster. Often
the need for & port or for better boat access means dredging part of the
lagoon bottom, clearing coral heads and patch reefs, constructing wharves and
other facilities along the shore, and making or enlarging channels or passes. A
dredged bottomn will never be as productive as the natural one was, and the
sediment that is stirred up may smother areas that are not directly affected.
The explosives necessary to remove coral heads or enlarge channels also kill
many fish. Making a bigger channel may change the patterns of water
circulation in the lagoon. Building a causeway between islets may cut off
flows of water important to maintaining the quality of the lagoon, and can
even block the migration routes by which fish go in or out to feed. All these
changes will have their effects on lagoon life and productivily.

Wastes and other runoff from the land may also collect in a lagoon and
pollute it. Some islands have had cholera epidemics spread by the pollution of
seafood caught in the lagoon. Lagoons are particularly vulnerable to the
development of towns or cities around their edge.

Since a lagoon is usually a single system, the whole tagoon is usualiy

affected by damaging activity. It is not usually possible to reserve or protect
just one part of it.

Lagoon management

Lagoons generally have to be managed as a whole for multiple uses.
Each activity has to be developed carefully to be sure it fits with all the
cther uses.

The way the lagoon systemn works must be studied in detail before
deciding to make major changes. Since each lagoen is different, it is hard to
judge how one lagoon will behave by comparing it with some place else. Since
most lagoons have many variables and our knowledge of them is limited, it is
hard to predict what effect a change may have. If lagoon productivity is
important for local people, any new inputs or changes must be carefuliy
contralied. Only in this way can lagoons continue to be useful resources for
island people.
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QUESTIONS

Is there a lagoon on your island? How was it made?

what is the lagoon water like in comparison with the ocean? Warmer? Saltier?
Not so clear?

How does water go into and out cf the lagoon?

Do you know how the water moves inside the lagoon?

what kinds of plants and animals are common in the lagoon?
Are they always the same, or do they change?

Do you know of fish or animals ocutside the lagoon that depend on it in some
way?

What important things do you take from the lagoon?
Has the lagoon always been the way you know it now?
Can you think of any ways it has changed?

Has the lagoon been affected by man-made changes?
What are they and what have they done to the lagoon?

What needs to be done to manage the lagoon wisely?
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South Pacitic Regional Environment Progranmime
Training Unit C10

MANGROVES

USE OF THIS UNIT

Mangroves are an important coastal resource in most of the western
Pacific, and this unit will therefore be important for those counlries where
mangroves occur.  Since many people have been taught to think of mangroves
as bad, this unit emphasizes the usefulness of mangroves in the isiand systen
and the special problems they present for environmental management.  The
content of the unit should be reinforced with as much work in the field as
possible, assuming there is access Lo mangrove arcas,

AUDIO-VISUAL SUPRPPORTS

The IUCN slide-tape programme "Understanding Mangrove —cosystems” is
highly recommended o reinforce and expand on the content of this unit, 1t
can be borrowed fram the South Pacific Regional Envirenment Prograimine, or
purchased from the WWF/IUCN I[aternational Education Project, Greenfield
House, Guiting Power, Cheltenham, Glos. GL5& 5TZ, United Kingdom, for
approximately 15$20.00.

EXERCISES

Fieid trips should be made to as many Llypes of inangroves as may be
accessible. Sites where mangroves have been damaged or destroyed should also
be included if possible. The principles raised in the unit can then be explained
with reference to local examples. tocal fishermen and other users could also
explain what they take from mangrove areas.

If the water is not too muddy, facemasks or a glass-bottoin bucket may
make it possible to see baby fish or other animals in the water.
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SUPPLEMENTARY MATERIALS

A number of useful references on mangroves and their managemeat afe
avaiiable and can provide supplementary information for ase in areas whers
mangraves are knporlant:

Handbook for Mungrove Area Management, edited by L. S. Hamilton and
S. Snedaker. Published jointly by East-West Center, IUCN,
UNESCO and UNEP, 1984,

Global Siatus of Mangrove Ecosystemns, edited by P. Saenger, . L
Hegerl and J. D. 5. Davie. IUCN Commission on Ecology Papers
Number 5, 19835,

Management and Utilization of Mangroves in Asia and the Pacific. FAD
Environment Paper 3, 1982  (Mostly on utilization and only 3
pages on the Pacific) -

(Unit written by A, L. Dahl}
[Revision 28/02/85)
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TEXT

MANGROVES

Mangroves are a group of unusual trees that can live in salt water from
the oceans. Most land plants are killed by salt, but mangroves are able to get
rid of the salt, Most plants die if their roots are drowned in waler and have
no oxygen, and in the mud of mangrove swamps, the rotling leaves usually use
up all the oxygen. However mangrove trees have developed special kinds of
roots that stick up out of the mud into the air to get oxygen. As a resuit,
mangrove forests {or at least a fringe of mangroves) are commoen along the
coasts of many tropical izlands wherever the shore is soft and muddy enough
for them to take root.

In the Pacific, the number of kinds of mangrove trees is greatest in the
west, and gets smaller going to the east across the Pacific until the
mangroves disappear, Mangrove forests in the western Pacific are bigger and
richer, with different kinds of mangroves growing under different conditions.
Some mangroves prefer water that is not as salty as seawater, and they are
thus more common at the mouths of rivers where fresh-water and salt-water
mix.

Usefulness of mangroves

Most people have thought of mangroves as noxious impenetrable swainps
full of diseases, and they used to be destroyed as a public health measure, but
now we know befter, Mangroves are very productive coastal resources that
are useful in many ways. Mangrave trees grow well in their special conditions,
and, like the tropical forest, they produce a lot of leaves and other organic
matter. Instead of accumulating in the soil, the leaves fall in the water,
where they rot and provide food for microbes and many tiny animnals. This rich
food is not only eaten in the mangrove swamp, but much of it may be carried
out into the lagoon o to coral reefs and other coastal fisheries areas, where
it helps to feed the fish. The areas near mangroves are Lthus often very
impoertant for fishing.

Because thera2 is lots of food in angrove areas, and good shelter
among the mangrove roots, soine kinds of fish come there to reproduce, and
many baby fish grow up there hefore going to live in the lagoon or on the
reef. The mangroves are a critical habitat upon which these species depend
for survival, and if samething happens to the mangroves, the future of these
kinds of fish wil! be affected.

Mangroves also build land or keep it fram being washed away, which
can be very important on islands where land is so limited, Mud and sediment
are often washed down fivers and streams. When there is a @angrove swainp
at the river mouth, the water spreads out into the inangroves, and the
sediment settles Lo the bottom where it is trapped by the mangrove rools. As
the boltom gets shallower, the mangroves can grow further out, while those
on the inside eventually find themselves on dry land, where lhey are replaced
by land plants. In this way the mangrove forest advances slowly outward,
leaving land behind. Even in areas where there is not enough sedicent to
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build new land, the mangroves protect the shoreline from being washed away
in storms, The reots and trunks break the force of the waves, and the leaves
and branches reduce the effecls of the wind and rain. There are examples of
islands which were built by mangroves, and then washed away when the
mangroves were cul,

Mangroves are an bnportant source of food sad materials for many
coastal peaple. Crabs, clams, oysters, fish and other food are often collected
there. FEven the mmangrove fruils are sometimes eaten. Mangrove wood is often
collected as firewcod, and it can alsa be used for building. The bark has
tannin which has craft and medicinal uses,

Even in the city, mangroves can be important. The city wastes run off
and pollute the nearby coastal waters, When the wastes fromn all the people
run into a mangrove swamp, they can be taken wp and used by the plants and
animals i the swamp, [n 2 way the swamp fiiters the waler, leaving clean
water to go out the other side. As long as thers is not too much waste for
the mangroves, and no polsenous wastes from industries, the mangroves are an
excelient waste trestment system, and moach cheaper than a sawage treatment

plant. !

Threats to mangroves

Unfortunately in spite of their usefulness, mangroves are being
destroyed in many piaces, Sometimes they are drained as a sanitary measure,
although mosquitos, for instance, do not like the sally water of inost
mangrove swamps, Often mangrove areas are used to dump rubbish or garbage.
On islands where unoccupied land is in short supply, moengroves are often
cleared to make agricultura! land, or filied in for construction. Large areas
have been lost to development in this way. However, such low-lying land may
be vulnerable to flooding in storms, so the developinent is not always so
successfui.

Ir. some places mangroves are cleared to make aquaculture ponds for
raising fish or shehnp, Ponds may also be built to treat the wastesg from
cities, towns or factories. Cther kinds of construction can also damage
mangroves. Anything that changes the way water circulates or its saltinicss
can kill the affected mangroves, Taking water from rivers for irrigation can
reduce the amount of fresh-water availahle te mix with the salt-water.
Frequently a causeway for a road, or some othier coastruction project, may
keep the sea-water from caming into the maogroves. As the sea-water is
replaced by fresh-water, the mangroves will die,

Mangroves are alsa sensitive to pollution, particularly oil pollution. If
an oil spill goes intu a mangrove area, the ol covers the aerial roots, and the
tree roots can no longer get the air they need to live. The roots will die, and
with them the whole forest. Mangroves arae also very sensitive to herbicides.
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With all these differant threats, and the fact that few people
appreciate how important the imangroves really are, it is no wonder that the
area of mangroves is getting smaller. The steady reduction in mangroves
means the loss of an important resource.  As each little bit is taken, the
remaining natural area becomes that mmuch more bnportant for such things as
fish breeding and nursery areas. On some islands, only tiny areas of mangroves
remain. Their loss could be a tragedy for coastal fisheries,

Mangrove management

Or istands where many different needs ust be Fit together, the careful
management  of mangrove areas is important,  If there ace large areas of
mangrove forest, then some parts can probably be developed, allowing for a
balance of uses. Special atlention needs to be pald to the percentage of the
total area develeped, and to aveiding critical breeding habitats and other
areas of particular interssl. Where only small areas of nangrove remnain, they
probably should be protected,

Every effort should be made o avoid changes in salinity or water
circulation in mangrove swanps, 1f a road needs Lo be bailt through a swamp,
enough bridges or culverts should be provided Lo allow water movement into
and out of the swamp. In areas where sedineatation is inportant, the
mangroves should be allowed to go abead with their stabilizing and protective
roele.  Similarty nangroves should be strictiy protecled wherever they are
important in controiling coastal erosion,

Because of their vulnerability to oil polistion, mangroves should receive
special attention for protective ncasures i oil spill contingency plans. Tl
loading and storage facilities should not be loeated near mangrove areas.

Not all uses of mangroves will go together. A forest that is heavily cut
for firewood will not produce as much food for the lagoon and reef. The
mangrove areas inoa cily that are used for waste treatinent should prabably
be closed to fishing to avoid the danger that sheilfish or other scafood from
the area might pick up and spread diseases.

Fortunately a mangrove forest can often be replanted if it is damaged,
just like a forest on land, assuming that the conditions are still good. Where
temperary damage abt a construction site cannol be avoided, ab least the trees
can be replaced afterwards, It is even possible to require a developer who
destroys part of a nangrove swammp to replace it with an 2quat area
somewhere else, so thst the total area of mangroves does not change,
However, it is much easier Lo keep the mangeove that is already there than to
try to replace it once it has been lost,
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QUESTIONS

Are there mangyroves in your area? What ore they like?

What is unusual about a mangrove forest?

How can mangrove roots live in the swamp mud where there is no oxygen?
Why do many peogic (hink mangroves are bhad? Is this true?

Why are mangroves bmportant for baby fish?

How do mangroves build or protect the land?

What are other ways that mangroves are hnportsnt?

‘What are the most boaportant uses of mangroves in your area?

What are the threats to mangroves?
Have mangrova areas been lost where you live? Why?
Hew much of the original area of mangrove still remains on yout coast?
is anything now being done to manage your mangroves?
What do you think needs to e done so hat the mangroves 'will mect all of
your requirements? '
|

Do you know of places whers it might be good to replant mangroves?



