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South Pacific Regional Eavironment Programme
Training Unit D1

TIME

USE OF THIS UNIT

This unit treats several aspects of time that are pertinent to the
environment, including the passage of time, how we measure or divide L up
with a calendar, and the cycles things go through in time. Time iz a subjoct
that seems self-evident yet is difficult to understand across different
cultures. If the leader and all the participants are from the same coltural
background, this unit will be easier to caver {(but perhaps less intercsting
than if there are people from different cultures with different traditionol
conceptions of time.

The aspects of time presented in the text should be discussed carefully
in the group to bring out the different ways of looking at time which offect
how people understand the world around them., Then it will be easier 1o
discuss the importance of time and cycles in the natural environment.
Participants should try to think of as many local examples as possible from
both their culture and their environment to illustrate these ideas.

{Unit written by A. L. Dahl)
[Revision 21/06/85]



TEXT

TIME:

Time is une of the most important dimensions of the natural worid, [t
includas haw we me2asure what happens during the day, or with a ealendar,
and how we think about the past, present and future. Man's ways of thinking
about time and measuring it vary greatly from cuiture tc culture.  This can
make it very difficelt to understand when pecple of different cuitures discuss
tonether, because we coften do not understand hew different our ideas of time
may be. The words for time and th2 way time is expressed in each language
can heip to show how different these ‘ideas are. If you try translating words
for time from tnglish into your loral language, or vice versa, you may find
some of these differences.

Some peoples did not think gbout the past and ithe future the way
Europeans dg, just as they did not separate thomselves as individuals from
their environment., The real or watural worid and the mythical world of gode
and ancestors were often merged together. The future was not planned for, i
simply was there when certain signs appearad.

Measurement of time

Teday most people measure time in years, months, weeks, days, hours,
minutes and seconds, using printed calendars and clocks or watches. Yet mest
of our divisions of tims are still related to natural astrononical events that
repeat themselves regularly. Days are measured by the rising and setting of
the sun, and are subdivided by the different posit:ons of the sun into perigds
such as dawn, morning, noon, afternoon, sunsei, evening and night. Maonths
were originally related to the different phases of the moon, and in some
places the lunar ecalendar is still more important that the solar calendar.
Years are related to the difierent positions of the earth as it rotates around
the sun. The changing position of the sun relative to the earth means that in
any cone place the angle of the sun is higher aor lower, and the day length
tonger or shorter. This changes how much the sun heats the earth's surface,
oroducing the seasons. 1hese natural cycles were combined with cuitural
factors to produce the different calendars.

Time ~nd the enviranment

Time is an important clement of the environment because many natural
events are linked with astronomical cycles, The seasons of the venr are
responsible for changes in temperaiure, weather and rainfall patierns, which
in turn are related to growing seasons and times of dermancy in plants, as
well as seasonal flowering, fruiting and animal reproduction.

The cycles of the moon drive the tides in the sea. The also have an
inportant infiuence on many plants and animais both on the land and in the
s2a, Some picnts and animals are known to repreduce once a month on o lunar
cycle,
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The cycles of day and night .ave an cbvious in iuence on inuch
biological behavior, including our own perinds of waking and sleeping.

Understanding these natura! and binlogical cycles can help both to
explain why certain environmental features are as they are, and lo improve
our use and management of natural rescurces. The repeating patterns ma-e it
possible to predict and prepare for certain events, and any changes from the
usual patterns can be a warning that we need to make adjustments. There are
obvious examples in many aspects of life in the islands. Many crops such o
yams are planted on an annual cycle, and the times for planting and
harvesting are often associated with or indicated by natural phenomena.
Similar phenomena are used in coastal fisheries to determine the best times to
catch fish or the times to protect them so that they can reproduce. Certain
weather patterns, such as times of drought or hurricanes, may also be
predicted in this way.

11 some island cuitures, the calendsr was not a separate dividing up of
the year, but simply a series of responses to natural phenomena. The
appearance of a star over the horizon, or the flowering of a particular tree in
the forest, would signal that the time had come for a cerlain activity. Where
environmental conditions vary from year to year, a caiendar by association
with natural biological eavents may be more responsive to  changing
environmental conditions that doing something at fixed dates in the solar
calendar,

Coilecting information about the role of time and various cycles in your
local environment can help to make for better environmental management.,



QUESTIONS |

How are the past, present and future viewed in your culiture?
Was time measured during the day? How?

What are some examples of the influence of the moon?

(Can you describe a traditionsi calendar?
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South Pacific Regiona! Environment Programme
Training Unit D2

THE WEATHER

USE OF THIS UNIT

This unit discusses one of the most determining factors in any local
environiment, the weather, together with related problems of natural disasters.
There should be ne problem in getting into interesting discussions with the
participants since most people have ideas on this subject. It is best not to
criticize any ideas or theories expressed, since there are often good empirical
observations or elements of truth in local folk wisdom even if these have not
yet been validated scientifically.

If possible, bring in outside experts for discussions with the group.

These could include a meteorologist fram the local weather bureay, and
perhaps an oid man known for his ability te predict the weather.

EXERCISES

A visit to a local weather station would illustrate the different Lunds of
information collected on the weather, such as temperature, rainfall, hours of
suniight, wind speed and directicn, atmaspheric pressure, relative humidity,
atmospheric conditions (with a weather balloon), snd radar and satellite
images.

{Unit written by A. L. Dahl)
[Revisicn 21/06/85]
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TEXT

THE WEATHER

The weather 15 one of the most basic controlling influences on the
envirominent.  While we cannot (with rare exceptlions) change or conteo! Lhe
veather, we can understand it as it reiates to our own local area aid thus
betier plan the use and protection of the resources of the arca,

The weothor inciudes severatl thipgs,  The kinds of clouds and ihe
amount of time they cover the sky determine the amount of sunlight there
will be. Sunitight is important for the growth of plants, vut too much sun
uader the wrong conditions can damage some plants of dry them oul. Rainfall
is another element of the weaiher that provides fresh-water for us and for ali
living things on the land. The anwunl of rain that falls, Fow hard it {alls,
whether it is concentrated m a few heavy showers or spread out in many light
sprinkies, and whether there sre long periods without rain are all important
factors,  (Precipitation in colder countries can also be frozen in the form of
snow or hail, but this is seidoin a problem in the Pacific istands). Another
aspect of the weather is the temperature, how high and hovw low it gets and
bow much it changes from day to night and season to season. The temperature
iz partly determined by where a place iz on the earth's surface, and partiy Dy
the weather and the temperatuic of the winds and air masses thal pass over.
The winds are themselves part of the weather, with their strength, direction
and distribution during the yzar all being significant.

The weather in any particular place is related to the general behavier
of the air in the atmosphere, which involves patterns of circulation of warm
end cold gir masses arcund the worid. The trade winds are an example of
reqgular air mmovements related to globa! atmospheric cireulation. The weather
is also closeiy linked to the cceans. If the ccean is warmer than the air it
will hest the adjacent air and if it is colder it will cool it. Since the air
temperature changes more than the sea temperature, places newr the ocean
will have less extremns temperatures than places in the interior of contmeilts.
When the ocean is very warm, it can put so much encrgy into lhe atmesphere
that is causes burricanes or cyclones. The cceans alse evaporate to provide
much of the water vapour that goes to make clouds and eventualiy to foll as

2.

The land alsc has an effect on the weatner. When the land heats up in
the sun, il can warm the air and make it rise, bringing in sea breezes. 1if an
island has mountains, the wind biowing across it rmust rise to go over the
mountain, Rising air gets colder, which makes the clouds and rain so frequent
over islands. Yhe rain usually falls on the side of the isiand from which the
wind comes, so that islands often have wet and dry sides. The land can also
make the air coider at night, and of course the higher a place is on a
mountain the golder It getls.

As a resull of ail these fartors, each place has its own particular
weather or microclimate, with seme being more sheltered and others more
open, some weiter and others drier. The weather in the bottom of a valley
may be quite different from that at the top, and one side may be different
from the other, depending on the crientation to the sun and the direction the
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the prevailing winds, Even the nature of the land surface and whether it is
covered by forest or other vegetation can have an influence. The weather
recorded at the loca! weather station may thus not correspend very well to
the weather on some other parts of the island. You may need lo study your
own weather in order to understand your particular microclimate.

Predicting the weather

One of the greatest problems with the weather is trying to predict
what it will be. The weather goes through many kinds of changes, and even
modern science is still far from understanding bew or why they happen. We
“now thst weather and climate can go through enormous changes over periods
of tens or hundreds of thousands of years. At times in the past the world was
more tropical than today; at other times there were ice ages with snow and
ice over much of the land. These are not the kinds of changes that can
concern us too much in our lifetimes. Then there are changes over several
years of decades, some of which seem to be cyclical. A period of "goud" years
may be followed by "bad" years, ond sc on. Some changes may seem quite
unusual or abnormal, as wilh the extreme "el Nino" of 1983 when the winds
reversed across the central Pacific, the warm water went eastward, and
unusual changes in weather were reported all around the world. The weather
may be upset by some other factor; a severe volcanic eruption may blow so
much dust into the upper atmosphere that it ecan qo arocund the world and
affect the weather for several years. For the first time, man has also reached
the stage where he can have an effect on the weather. Some scientists fear
that the increasing level of carbon dioxide in the air (from burning oil and
coal and cutting forests) may cause the temperature to rise and the ice caps
at the poles to start mmelting. This would change the weather everywhere and
might cause the sea level to rize over a few hundred years, drowning many
cities and island countries. However mest changes in the weather are what
might be called random variability, The weather changes bedause it is always
changing, and whether the change in any one place is today, tomorrow or next
week may be purely a matter of chance.

People who depend on the weather and who spend a lot of time
outdoors learn to read the many signs in the environment that can help lo tell
what weather to expect. The kinds of clouds and the appearance of the sky,
the waves and swells on the ocean, the behaviar of seabirds and many other
things can be wused to teli what weather may be coming. This knowledge
depends very much on each particular locality and so is best learned from
someone who knows Lthe area well.

Today modern scientific methods for weather prediction have greatly
improved, drawing on reports from many other weather stations, radar, and
satellit: pictures that show all the cloud patterns on a big part of the earth
from cut in space. If you have access to such information, use It, but there is
still mueh you rcan do to understand your local wealher just as your ancestors
did heiore.
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Natural disasters

Some of the nost important effzcls of the wealher came from the
natural disasters caused by very severs storms or droughts, A cyeclanic storm
(hurricane or typhoon} can biow houses apart, {latten trees and crops, tiood
land, smash coral reefs, and cause more erosian that ten yeoars of naroal
rains, Seme areas of the Paciiic may bave cyclones aimost every year, aid
others only ence in 50 or 100G years. [t is oiten possible to collect wiormation
on what happened in previous storms, and even to look for lasting troces of
storm damage such as rubble ridges along the recef or river flood crest jevais.
This information can be used to plan deveiopment so as Lo minimize lhe risk
of storm damage.

Droughts, or long periods without rain, can be ancther form of naturai
disaster, with crops failing, livestock dving of thirst or starving for lack of
forage, disease spreading t'wough lack of hvgiene, and in extreme Ccases
peoole having to abanden their homes and isiands. Areas subject to r.iro;.-f._;ht.
require careful advanced preparations, such as adequate (and properly
maintained) water storage, emeryency wells, and irrigation for crops if
conditions permit,

Qther natural disasters include earthguakes, volcanic eruptions and the
resulting tsunamis (he glant waves sometimes caused by earthquakes or
underwater jandsiides). if these are a risk in a Jocal zsrea, they can be planned
for much as any other extreme environmental factor.

Average and extreme conditions i

Two kinds of environmental conditions can De important for living
organisms and thus for many development projects. Most things have normal
requirements for the conditicns they like tost. A crop, for instance may grow
best at a certain temperature, with a certain rainfalf, weather pattern and
seasonal variation. If conditions are not so ideal, it may still grow, but not
quite so weli. However, at some point, when the Lemperature is too high or
too low, or it is too wet or too dry, or scine combination of factors, the crep
will be pushed beyond its limit and will die. Thus both the average conditions
in the environment most of the time, and the occasicnal rare extreme factor,
are imperiant controls on the survival of plants and animals, and thus on
development projects.  The extreme oonditions are often associated wilh
natura! divasters, so particular attention noeds to paid to them in development
nlanning. 'indaetstanding haih (he normal aversoe conditions in the environment
and the occasional limiting extremes cen meke the difference between success
and failure,
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QUESTIONS |

What factors are used to describe the weather?

What is the weather like oo your island?

Is it different from cone side of the island to the other?
Can you think of places on your island with different microclimates?
Has the weather changed in the last few decades? tow?

is there someone in your viliage who can predict the weather?

What signs do you use to tell what the weather will be like?

what k nds of natural disasters is your area subjent to?

Do people do anything to prepare for possible disasters?

(Can you describe a natural disaster and its effects on the envircnment?

Why are both average and extreme conditions imporiant?
f
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South Pacific Regional Environment Pregramme
Training Unit D3

NUTRIENT CYCLES

USE. OF THIS UNIT

Nutrients and the way they are cycled through bving systems are one ul
the most critical factors in ecclogy. However, they cannot be seen and so are
difficult to explain to someone with no knowledge of chemistry. This wunit
attempts to give the basic principles of nutrient eycling for people with no
chemical background. The text should be explained carefully step by step,
with discussion with the participants at each paragreph to ensure that the
principles are clearly understood.

If a blackboard or sther drawing board is availsble, the concept of the
eycling of nutrients could be shown by drawing a diagrain on the board while
explaining it.

AUDIO-VISUAL SUPPCRIS

An animated diagram showing nutrient cycling in a forest is included 1
the SPC film "Your Changing Island Environment”,

(Unit written by A. L. Dahl}
[Revisin 22/06/85]
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TEXT
NUTRIENT CYCLES

All things are made up of tiny atoms {too small 1o see and hard even o
imagine) which mix and join together to make the different substances like
air, water, rock or the materials of which our hady is maede. The study of the
many kinas of atoms, the ways they combine together and the substances they
make is called chemistry, and is tco commplicated teo explain here. What |
important to understand is that there are different kings of atoms, and tha
cach substance ar material is made up of specific combinations of these
atoms. It usually takes energy to put atoms tegether in bigger and buger
combinations, like those we find in living things. Energy may be given up in
the form of heat (as in a fire) when the atoms are separaled again. However
the stoms themselves are not changed in these normal chemical reacticns;
they just change their form, and they go through these combinatiors and
changes over and over again indafinitely.

l"' 12 “‘

Cwveles

For exampia, a tree @ay take in air through its leaves and water from
the ground through its "oot Using energy from the sunlighi, i breaks the
water and air down to get carbon, axygen and hydrogen atoms, and then puts
these together first to make kinds of sugar and then to make wood. If the
wood is burned, the atoms go back to the air as smcke, snd the energy fron
the sun that held them together becomes the heat of the fire, The atoms that
went back to the air may be taken up by another tree and used again. [f some
of the sugar made by the tree goes into a fruit, you could eat the fruit and
your body would break down the sigar to qive it energy (that is where your
bl.,dy heat comes fromli. The atoms from the sugar would be breathed out of
your lungs as air. These are cxamp'es of cycies {meaning Lo yo sround in o
circle) becouse something takes plare or is used over and gver angain,

Cycles ere an essential part of all natural systems and all Iiving things.
Growth and change and life itself invelve taking in materisle, using them in
some way, and discarding them zs other materials, €ating end breathing are
obvious exainples.

Nutrients

Many atoms ars so common that their cycies do not matter much in
managing the environment, However, some other atoms or chemicals are
essential for life but are much harder to get in a form that can be used
These things that are peeded as food are cailed nutrients, znd if they are in
shart supply, plents and animals cannot grow the way tehey should.

The three natrients that living things inost often need but cornot
aiways find enough of contain the atoms nitregen (N}, phosphorus P and
notassium (K). Other things may also be needed, but less frequentiy or in
smslier quantities, Only the most impertan: nutrients are discussed here, but
simtlar principles apoly to the oliwrs,
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Nitrogen occurs in air, but it cannat be used by most living things until
it is "fixed" or attached to oxygen cr hydrogen atoms. Phosphorus and
potassium are found in some soil materials. Plants need lhese nutrients in
order to grow, and if they cannot get them in the soil they will be stunted or
even die. A plant suffering from the lack of a nutrient may have leaves that
turn yellow or die at the edges, and may be shorter or weszker than healthy
piants. If a soil is not too rich in nutrients, they will guickly be taken up and
used by the plants, leaving the soil exhausted. However, when the plants die
and decay, the nutrients go back into the soil where they can be used aqgain,
making a simple nutrient cvcle.

Animals make the nutrient cycle more complicated. Tney must gel ther
nutrients and energy from the plants they eat (or from eating ammals that
have eaten plants). When animals deposit their wastes or die, the nutrients in
their bodies go back to the soil, but not necessarily in the same place where
the plants grew. Thus nutrient cycles may involve the movement or transport
of nutrients from one place to another.

It is important to uncerstand the principles of these nutrient cycles,
since respecting or managing them is an lmportant part  of keeping
environmentai resources productive, and ignoring them is a good way to fail o
development efforts.

Nutrients in the environment

In most stable natura! enviromments, the total quantity of nutrients
stays the same as the nutrients cycle within the ecocsystem. A productive
ecosystem like a tropical forest or a coral reef is often oble to build up quite
high levels of nutrients over time., The long roots of forest trees reach down
deep in the soil for nutrients which they bring up and add te the system. A
large stock of nutrients is held in the vegetation and 1s quickly recycled @t
released. It is important to nete that in such systems the reserve of nutrienis
is held in the plants and animals that make up the ecosystein, and noi in the
surrounding environment which may be quite poor. if the system of living
things is damaged or destroyed, the nutrients that maintain its productivity
may be lost very quickly.

Nitrogen is a special case, because it is made available as a nutrient by
the biological activity of nitrogen fixation carried oul by certain microbes
and algae, sometimes in association with the roots of leguminous plants. It can
also be lost @s a nutrient when microbes break down nitregen compounds. The
fixing of nitrogen is a normal process in most natural systems, but when man
disturbs or develops land, he usually destroys this capacity.

While the above description of nutrient cycles has focussed on the land,
the same principles apply in the sea. Nutrients oceur in seawater, although
the amounts in tropical seas are very low except where they are added to the
sea by runoff from the land. Nutrients are stocked in sea plants and animals,
and are accumulated and recycled in productive systems like caral reefs,
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Man's impact on nuirient cvcles

It should now be clear that man's activilics cosn easily coreaie
enwvircnmental problems by interfering with the nutrient cyeies.  Cutlting,
rlearing or hurning the vegetation releases the steck of nutrients, which may
be washed away quickly by rain if there are not other planis to take lhem up.
Dynamiting or poisoning the reef has the same effect. The mechanisms by
which new nutrients are accumulated and recycled may also be destroyed.

In order to keep up the productivity of man-mads systems like Taemiog,
it is necessary o add nulrients to the system, either by applying natural
materiais like compost or manure, or by adding chemical fertilizers of which
nitrogen, phosphorus ond polas-ium compounds are the most common.,  The
careful management of nutrients is one of the most important aspacts of
aqricultural development,

Most environmenta!l problems concerning rutrients result frain the lack
of nutrients in agricuiture or forestry production or when soils begone
degraded, but there can occasionally be preblems of teo much of  some
nulrients, particularly in rivers, lakes and lagoons. The excess nulrients may
come from fertilizer washed off the land, or from hwnan and animal wasies
(high in nitrogen) or detergents {(nich in phosphorus} The runoff from ficlds,
livestock areas, villages and towns may collect in the water, causing the rapid
growth of algae or other aquatic piants which may smothar more useful
resources fike the corels on a reecf.  The accumnulated algae may cveatually
rot, using up the oxvaen in the water, kiliing the fish and producing bLad
sinells.  Nitrogen compounds can also get inte  human  water  supplies,
particularly ground water, where they can present a risk to human heaith.
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QUESTIONS |

what is a cycle?

Why are nuirient cycles important?

Where do nutrients come from?

How do animals participate in nutrient cyciing?

‘here are the nutrients in a tropical forest? in a coral reed?
Wwhnat makes nitrogen compounds different from cther nuteicnts?
what does man often do to nutrient cycles?
what can be done to maintain nutrients In agriculture?

Is it bad to have toa much of some nutrients? Why?
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South Pacific Regional Environment Programine
Training Unit D4

POPULATIONS

USE. OF THIS UNIT

Principles concerning populations are important for understanding a
number of environmental problems. This unit introduces the concept of
populations, and explains the relationships between populaticns and the levels
at which they feed through food chains. It then outlines the principles of
island biogeography as related to island populations. Finally, it applies
population concepts to problems of pest control. These topics usually generate
considerable interest in a group. The discussion leader may want to develup
his or her own additional examples, perhaps drawing on local cases.

It might be possible to find a local specialist in pest contrel in the
agriculture department who could contribute to the discussion on that subject.

{Urit written by A. L. Dahl)
[Revision 21/06/85}]
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TEXT

POPULATIONS

Usually when wa think of some species of plant or arumal, we think of
an individual of that species, bul it would be more correct to think of the
whiole population, that is of all wembers of that species alive In one place at
any one time. Indiviauals come and qo, but it is the pooulation. that
perpetuates the species. Old members of a population dic, and new ones are
born. The individuals making up s papulation may be totally different in
severa! years from those there Loday, but the species condinues.

Ore of the charvacteristics of Hlfe it thai it reproduces itselt. S
nothing lives forever, there is always a turnover of generations. In & stabie
populaticn, the birth rate equals the death rate, and the total numbers do not
change. If the death rate is higher than the birth rate, the population will get
smajier and smaller untii finatly it becomes extinet, If the birth eate is higher
than the death rate, the population will grow larger and lzrger until it finally
reaches some limit I.h('l' causes the births to dechine or the dosths to increase.

Populations have the patential to grow very capidiy, in what is called a
geometric progression. Suppose a couple (two parents) have four offspring
pbefore they die, [f those two pairs each have four offspring, there will he
eight, then in the next generation 16, then 32, 64, 128, 256, 512, 1024, 204§,
4896, 8192, 16384, 32765, 65536, 131072, oto. Note that four offspring s @
very low number for most piants or aniimals; some species produce thousands
or miilions. The speed of population growth depends on the number of
offspring per gencration and the length of time between generations. [ the
above figures apphied to a couple of human beings with 2% years betweon
generations, it wouid take almost 4800 years to reach a hundred thousend
{(Many islanders do betfer than thal, but few islands have room for 100,000
people). If the same figures were for ¢als breeding at two years of age, the
pair of cats would reach 10C,000 in a littls cver 30 years. Suppose a pair of
flies manages to lay a thousand eqgs in a two-weck lifetime and they all
survive; in six weeks there would be 220,000,000 flies. Obvicusly something
must happen to iimit those populations bcfore they get so large. On the other
hand, a green turtle that lokes 40 years before being old encugh io fay a
hundred eggs of which oniy 2 survive to grow up will just surceed in replacing
tself if it is lucky, and 1'; a few adult turties killed would mean Lhe
cellapse and disappesrance of the popultion.

Since mest plants and antmals praduce many offspring, i‘ is clear that

few of those young survive to aduithood, vet some must ceed if the
population is to continue. There are two principal reproduct o Lr itegies:
producing imany vulnerable young in the hop . that a few survive; or producing

a few young that are vary strang and resistant, or that are prot ‘-c*t“o by their
parents until they are big esnough to defend themselves. it is those that
survive to reproduce thab ceunt, not the number that die along the way.
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Clearly reproduction is the most vulnerable stage for the survival of of
population or a species. Those that survive are generally the strongest or bhest
suited to the enviranment, and the process permits the seiection for the best
gualities in the population. You can use the same principle to find and

maintain the best varieties of crop plants or races of domnesticated animals.

Food chains

One of the essential relationships betweern species i eating and being
eaten. All of the food in island environments starts with plants, which use
energy from the sun in order to grow. This plant life, whether in farests,
grassiands or food gardens on the land, or mangroves, seaqrasses, algue ur
plankton in the sea, is the starting point and first level of productivity for all
isiand ecosystems. The amount of fecod produced by plants will determine how
many fish and animals {and people if no food 15 imported; can live on an
island. Anything that hurts plants will also affect the animals and reduce the
size and productivity of the whole system,

Various animals {called herbivores) from caterpiliars and snalls to cows
and dugongs feed on plants. Other animals {carniveres) =at them. Sone animals
{omnivores} like rats and men eat almost anything inciluding plants and
animals. A bird may eat caterpiliars which ecat leaves. A plant-eating snall
may be eaten by a pig which you then eat for dinner. These are called fuod
chains because the food energy passes along them from one organism to
another like links in a chain,

A lot of energy is lost as it goes along a food chain. About nine tenths
of an animal's food energy will be used up running around, eating and
reproducing, and only about one tenth will go into making its body where It
ncan become the food of the next animal up the focd chain. This makes for a
structure like a pyramid, with a large amount of plant ecnergy at the bottom
supporting ever simaller numbers of animals up the food chaie. The animals st
the top of the food chain need very large areas to support themselves [t
takes much more land to feed people with meat that with plant foods.

These food chains help to keep all the populations in an ecosystem in
balance. The world is not overrun with flies because frojs, geckos, birds,
spiders and many other things eat them. {(One reason why there is a human
population problem is that, apart from the rare crocodile or tiger, nothing
eats us). The balance of populations along a food chain can be very
complicated, and disturbing it in different places can create different kinds of
imbalance with varying environmental effects. For instance, suppose there is o
simple food chain with one kind of plant, one kind of plant-eating animal and
cne anima!-eating animal. A reduction in the number of plants means @
reduction in all the kinds of animals. Taking away the plant-eating animal will
lead to a collapse in the number of animals that feed on it, but an increase in
the number or size of the plants, since the animal is no longer there to feed
on them and keep them under control. Killing the meat-eating animals al the
top of ‘he food chain wiil allow the plant-eating animals to gel more cominon
until they eat up all the plants and then starve to death themselves.
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Real erosystems are more complex than ihis, since there are many mors
kinds of organisms and more alternative kinds of Tood, but even then such
imbalances rcan  ococur  with  population  explosions or  oollapsas, i he
crowrn-of -thorns starfish population explosions on coral ieefs are an examnple
weil known in the region.

The linkages between cpecies such as the examples given here of tfood
chains and population control mechanismns can play an important part in
environmantai problsms,  The following classic example illustrates  the
unexpected conseguence of an environmental action. A viliage was sutfering
from a plague of flies. The villagers cprayed an insccticide o control the
flies. The dying flies loaded with insecticide moaved mere slowly, and were
thus caten by the geckcs, Th~ geckos in turn were affected by the pason and
fell from the walls, where they fell easy prey to the viliage cats. The cals
became sick from their ocoisoned fooed, and could not ran fas: encugh to caton
the rats. The result of trying te qet rid of the thies was & population
explosion of rats. Stories such as this chow how difficult management of the
envircnment can pe. i

Island populations

The problems of population numbers and controls are  particulariy
impeortant when the space available is limited, as il is on an island. There are
special principles which are impoertant to understanding why island populations
are the way they are and how they came Lo be established.

All the Pacific Islands, except some continental islands, were created
at some point by velcances rising from the sea floor. As they approached and
then grew above the surface, coral reefs and other shallow sea life, and then
land plants and animals, came to live on them. - On some islands this may fave
happensd more than once as the island submerged and reasppesred. Unce an
island 5 available, a firsf few pioneering plants and animals get established.

Gradually some mere competitive ones arrive and push aside the corly
settlers. An equilibrium is finally established when the number of new arrivals
is balanced by the aumber of extinctions, with the total number of species
being related to the size of the isiand and its distance from other 'and sreas.
The populations on any island today sra at one point in this series of
successive stages, depending on how eold the island s,

Crossing the sea is no easy matter for most organiams. Ploncer species
have often deveinped sperizl ways of crossing the ocean, such as floating
seeds and salt-resisiznce. The ecoconut and many coostal plants are of this
type. For other species lransport to a new island is a rare and random event,
Not only must the organismm survive the long voyage in storim winds, on o
drifting log, or stuck {o a migrating bwd's feathers, but for many species both
sexes must arrive at the same time in order to reproduce- and cstablish a
population.

island plants and animals may have come originaily from a continent or
fram another island. A chain of islands may serve as stepping stones fur the
spread of a speecies. Organisms usually spread in the directions of winds and
currents, and of the movements of migrating animale, or they may be
transported during storms,
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For a newly-arrived species, reaching a tiny speck of land in the vast
sea is eonly the first step. New islands may present hostile conditions, while
older islands have well-established communities against which the new arrival
must compete. However, most islands have relatively few species, so there are
often unfilled places waiting for new occupants, bEven Llhen, the small
populations are still vulnerable to diseases, droughts, hurricanes, volcanic
eruptions and other natural disasters. The smaller the island, the snalier tie
maximum possible population it can support and the easier it 1s for a calamity
to wipe out a species, These continuing processes of the arrival and dying oul
of species are important contributors to the overall balance of ife on an
island.

Living on an island can have a nuinber of effects on the evolution of
the species concerned. Because most islands have fewoer species on them,
there is less competition and less danger of being eaten, The plants and
enimals may then lose their defenses and their ability to compete. [n the case
of continental islands, species present at the time of separation from 2 bLig
continent may survive long after the parent populations have been driven to
extinction by later more highly evolved forms. New Caledonia is an exampl:
of such an island, where long isoiation without big plant-eating animals, and
unusua! soils toxic to later arrivals, permiited the survival of many primitive
plants.

Sometimes an organisim may reach an island and find many different
places available with no competition; the species may then evoive rapidly into
different forms to fill the available places. Charles Darwin described the
classic example of the Galapagos finches. This is one reason why there may
be many unusual species on an island. Small isolated island populations
descended from single parents may aiso change slowly just because all the
individuals are so closely related genetically; each island population may then
develop its own distinct characteristics.

The result of these processes is a large number of distinctive and often
unique species of plants and animals on islands. On some of the larger, more
isolated islands, almost all the species may be unique to that isiand and found
nowhere else on earth.

Pest control

Weeds, damaqing insects, molds, diseases and other pests are often
species that are abie to multiply their populations repidly. [The principles
concerning populations are therefore important in understanding how to
control pests.

Natural systems are made up of many kinds of species- mixed together,
with each balancing and controlling the other. Man-made systems, however,
such as agricultursi fields or forest plantations, are usually large areas with
just a single species. The pests which feed on our crops appreciate our
providing them with so much food, and their popuiaticns multiply rapidiv. A
pigsty is an ideal nursery for flies, and the tender shoo's in a vegetabl:
garden couid not be better for snails, [
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Some pests have natura! enemies thal keep their populations under
controi most of the time. When the pest is numercus, there is more food for
the enemy, which wiil multiply and reduce the pest popuiation te pormal
levels,  Unfortunately, the pests have often reached the islends while iheir
enemies have not, so pest problems can be mare freqguent and wore severe
here than elsewhere.

Controiting pes is 2 kina of population "mnaqemcn it is almost
zmpossuol&. tc eliminate a pest population entirely; destroying pests gets more
expensive as their numbers get smalles and more scatiered. However, there
are several ways to reduce gest populaticns to manageable levels. The
sz:nplwt is to change the conditions so the pest has less foed or has a harder
thine gpreading. This means doing things like cleaning the plgsty to control
lies, or spncing a crop with other resistant or repellant crops so that it is
harder for a pest to spread.

A szcond method is to use biclogical controls, which means encu uraqmq
@ naturs! enemy or finding and introducing a new enemy for the pest.
Unfortunately it is hard to find an enemy that will not aslso sttack uLhcr
useful piants or animals, aid in too many cases in the islands something
introduced as a biclogical control has proven to be as much of a problem as
the pest it was brought in to control. It is aiso pessible to interfere with pest
reproduction by releasing sterile males that keep the females from laying
fertile eqgs, or spreading sex stlractant chemicals that confuse the males and
keep them fram finding the females. Biologica! controls are not always easy
te use in islands znd they require a great deal of research, so you should not
try to irtroduce your own biological controls unless you wuse traditionaod
controls that have aiready proven their worih [ocally,

if there are no slternatives available, then cheinical controls may be
necessary. This means using some kind of poison (a pesticide, insscticide,
h?"bicide, fungicide, etc.) that kilis the pest. Pesticides cost inoney, aithough
they may be cheaper than the labour involved in other contro! methods. They
nave seme other severe disadvantages:

1. A pesticide almost never kills all of the pests; a few will survive
Lo coeme back when the pesticide is gane, so the poison may need
to be applied again and again.

.4 The pests that survive may develop a resistance to the pesticids,
50 that it may take more and more [,\01\.0:\ to kil them, and
eventually the poison may no longer work at all.

95 The pesticide mav kill wore things than just the pest, such s
the pest's natural enemies. [{ the enemies or bi.oh)girfaa conirols
have disappeared, then the pest may come back I even larger
numbers than before. Other pests imay also beceme a problem
because the controls limiling their populations may be affected
tno.
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4. .Most pesticides are dangerous polsans for people too. They must
be stored, handled and used with great care, feilowing exactly
the directions for their application, and using as little s
pessible. 1f pesticides are misused or an accideni occurs, they
can easily centaminate food or the environment, which can be
particularly serious on a small island. If people are exposed to
pesticides or become contzminated while using them, they sy
become sick or die.

It is therefore best to keep chemical pesticides as a last resort in case
evarything else fails, especially since islands are very vulnerable to potlulion
by chemicals,

Since pest control is basically population management, it is important to
understand the population factors for each pest, such as its life cycle and
reproductive strategy, in order to know when contrel may be easiest and maost
offective. Just as natural populaticns can be upsetl by interfering at 4
sensitive time such as repreduction, so can pest be managed more eacily by
asttacking them when they are the most vulnerable.
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GUESTIONS

What determines whelher o population is stable, increasing or decreasing?
Wwhat facters influence the specd of population grewth?

Wihat are different ways thal a gpeecies can ensure thal some of their young
survive to be adults? Can you think of some exampies in animeals or piants
that vou know?

Can you think of some examoles of food chains in your local environmenl?
How big a garden dees it Lake to feed you and your family for & whole year?
How do food chains help to control populations?

What are some of the special things aboul pepulations on islands?

Why do many island specics have difficulty competing with introduced
species?
Are many species on islands special or unigue? Why? Can you think of
examples?

some

Why doss something become 2 pest?

What are some wavs of controlling pest populations?

which methods of pest contro! do you think are best? Why?
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MICROBES

USE OF THIS UNIT

he subject covered in this unit on microbes is  essential o
understanding problems of disease and poliution, but it is difficult to explain
because microbes cannot be seen without a microscope and the participants
wili thus not have had any direct personal experience on which to draw.
Cover the material in the unit carefully. Then if possible try to arrange for a
demonstration of microbial life as a practical exercise. A discussion of what
has been chserved irni the exercises can then serve to review the basic poinis
in the unit. Thoen discuss with the group what their new knowledge of the
microbial world means in terms of their life in their own viliage or area. The
participants must come to understand that microbes are everywhere around
them carrying out essential ecological functions or ready to cause illness or
environmental problems. They should try to think through hew disease germs
might be spread through their environment or through their daily activities.
This awareness will be very useful in their environmental analyses.

EXERCISES

It is important to try to arrange some demonstrations 3f microbes so
that the participants can associate the idea with soinething real that they
have experienced. I[f it is possible to borrow or get access to a microscope
(perhaps in a high schooi or college science laboratory, at the department of
agriculture, or in a medical laboratory) then the participants can see microbes
of different types moving or wiggling under the microscope. Simple
preparations can be made of saliva or pond water to show bacteria and cther
tiny forms of life. The details of what is shown are less important than the
demonstration that we are surrounded by living things we cannot see, but
which are very important in our environment.

Other simple demonstrations can ba arranged even if a microscope is
not available. Meld can be grown on an old piece of bread or other speiled
food to demonstrate the actions of decomposers. A bottle of water to which a
littie bit °f dry grass or other dead plants has been added can be left in front
of 2 window for a few days; the water and the walls of the bottle should
become clouded or celoured by algae or tiny animals. in this way, even thouqgh
it is not possible to see individual microbes with the naked eye, it is possible
to see them when many are grouped together.

(Unit written by A. L. Dahi)
[Revision 23/07/85]
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TEXT

MICROBES

We know about large plants and anmimals like trees and hocses, and smoli
ones like grass and mice, and very small ones like mosses and ants, byl there
are many other living things even smaller then that, so vmall that we cannet
s ¢ them with the nzked eye. They are called microbes. This whole world of
tiny living things is very important in the cnvironment, so we must learn to
understand, appreciate and respect them,

There ave many kinds of microbes, and they agre everywhere around us,
in the scil, in the air, on our skins and even inside of us. Some microbes are
tiny plents calied aigze that usually live in the water or on land. They make
their food with energy from the sun just like bigger planits. When lhey are
very numerous, they may colour the water green or brown, or they mayv
appear as slimes or scums. The greenish bioek that often stains the cutside of
concrete buildings in the tropics comes from elgae. Algae may be green,
bluc-green, brown, yellow-brown o even red or orange, like the =zloa that
sometimes grows on the trunks of coconut palms near the sea.

There are alzo tiny animals or protozea of many kinds thal swim or
craw! around and eat things like algae and other animais. Since most of them
are colosurless, they are hard to sze without some kind of magnification.

The barteria or germs are even smaller than the aigae, and there are
millions and millions of them zverywhere, They live by dissciving and breaking
down any kind of organic matter, which includes anything thal is or was part
of 2 living thing. Thus they break down anything that is dead, and sometimes
they do not wait for it to be dead, which is often how things get sick. It is
usually bacteria rhat cause milk to go sour or food to spoil. Even though a
surface may loock clearn, it has bacteria on it uniess iL has been sterilizec
{mace clean of ali bacteria) by heating, boiling or the application of alcohal
or an antiseptic {a chemical that kills bacteria).

Another important groun of microbes are the funqgi, which grow iike
plants but get their food by breaking down dead material. They include the
molds and mildews which are responsible for rotting anc decay. Mushrooms are
the fruiting bodies of certain kinds of fungi.

There are three mportant kinds of activities that microbes carry out in
: 1]
the environment:

1

A._Decomposers

These nicrobes are an essential part of all ecosyslems, because they
decompose or break down dead matarial and keep it from accumuialing. If
something did not break down the dead leaves in a8 forest, they would pile up
higher and higher until the trees were buried under them. When the
deconposers breax things down, they release the materials of whicn these
things were made, narticularly the nutrients, which are then available to be

taken up by plant ronts and used sgain., [t the nputrients werz not released,
they would eventually all be tied wo in d ad material, and th:n nothing else
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could grow. Sometimes the decomposers create a probiem when they rot or
spoil things faster than we would like.

2. Symbionts

Sometimes microbes are actually helpful to plants and animals n o
relationship called symbiosis bezcause each one helps the other. For instance,
there are certain fungi in the sci! which grow attached to the roots of trees
and which help the tree to absorb water and nutrients from the soil. This help
is st unportant for some trees that they cannot grow without their special
fungus.

Only certain bacteria and blue-green algae are able to fix nitrogen
from the air and make it available as a nutrient to plants. In certain plants
like the legumes, the root have special swellings,cailed nodules where
nitrogen-fixing bacteria can live under good conditions inside the roots and
mzke nitrogen nulrients for the plant.

Animals like corals and giant clams have one-celled algae (tiny plants]
living inside the.r bodies; the animals give the plants shelier and nuirients and
expose them to the lighl, and the plants meke food for the animals. Then
theee are animals like cows and termites that have special bacteria hving n
their stomachs to help them digest food in the grass and wood that they could
not use otherwise.

5. Disease germs

There are always many kinds of microbes on and in cur bodies, but most
of them do not hurt us, and a few are even helpful. Unfortunately, some
microbes are much more dangerous, and wanl to live off of us or of other
living things before we are dezd. Some may sven try to kill us to get more
foud. As they multiply in our bodies they make us sick. Our bodles have some
defenses against these disease germs, but sometimes they are nol enocugh, and
we need the help of medicines to overcome the germs and get well aoain.
Antibiotics, for instance, are special poisons against microbes, just as
insccticides are poisons against insects. Doctors sometimes must give us these
strong medicines to help our body get rid of a dangerous disease germ, but
they must be used with carc or they can upset the beody's belance o other
Ways,

L.iving with microbes

-~

In thinking about the eavironment, we must remember that the microbes
are aiways there even if we cannot see them. OCften they are useful, but
sometimes they are dangerous, and we must learn how to be careful and
control them, Microbes that cause disease are often spread from one person
to another, making many people sick, When a person is sick, there may be
many disease germs in his mouth or in his wastes. If he sneezes on his hand,
there will be germs on his hand. If he touches a child, the sickness could pass
te the child; if he touches a loaf of bread, the germs could pass to anyone
who ests the bread.
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Suppose a person has heen sick an the bush, An anbmal might pick up his
germs and bring them back to the village. Pigs, rats, cockroach2s and flies all
may carry gemns from dirty or unsanitary places and put them on food or in
places where children piay. This 15 why if a place s clean there is less

chance of spreading sicknesses,

Germs are often spread through dirty or contaminated water. Imagine a
bucket that everyone uses, It may be set en the ground where dirty pigs have
been walking, or be used for washing dirty clothes or a sick babies” diapers,
then it may be lowered into a well or cistern to get water for washing. The
germs on the sides and bottom will get inte the water, and then can be given
to anyone drinking the water or easting food or from plates thal have Deen
washed in it. Since you cannot see germs, they may he there even ol
something looks clzan.

There are things that can be done to control the harmful effects of
germs or ‘0 keep them from spreading. Microbes are always waiting to break
down anything that! is lving around, like our fond, for example. Since micrabes
usually grow faster when it is warm, food spoils faster (from attack by
microbes) in warm weather. If the food is put in & coid place like a
refrigerator, the microbes grow more slowly, and the food will keep several
days. The colder it is, the longar the food can be kept without spoiling. In a
very cold freezer, the micrfobes cen hardiy grow at all. In the same way,
encugh heat can kill microbes. Boiling water fur 20 minutes will kill the germs
in it, or in any food put in it. The food in cans does not spoil because the
cans were healed in the cannery to kill all the microbes inside. Boiling baby
bottles and nipples, and any water put intide them, will sterilize them and kili
all the germs, since babies are still weak ot fighting germs and get sick very
easily,

There are also chemicals that can be used as disinfectants te kill
microbes, including chlorine hleach, alcohsl, and the antiseptics wsed to treat
cuts and other injuries which might otherwise let microbes inta the UbGody.
Washing with soap or detergeri. can reduce but not eliminate microbes. If
someone is sick and there is a danger of contamination, then a disinfectant
can be used to keep the germs from being spread,
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QUESTIONS

Where are microbes found? Can you nam2 some of the places?
What are some of the important kinds of microbes?

What do they do?

How do microbes contribute to nutrient cycies?

What happens to something that dies?

What would happen if lhere were no microbes?

what are some ways that microbes can be helpful?

Why are micrabes sametimes dangercus ar harmiul?

How do medicinzs like antibiotics work?

What are some ways that germs or other harmful microbes can be spread
the house? in the village?

What can you do to keep microbes from spreading if someone in Lhe house
sick?
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WATER POLLUTION

USE OF THIS UNIT

This unit explains why water poliution is one of the most dangerous and
widespread environmental problems, [t describes the different kinds of
poliution and where they come from. Since the kinds of water pollution that
are most important locally differ from place to place, the emphasis in this
section should be put on these sources of water poilution that are the most
significant locally. In the discussion of this unit, use local examples wherever
possible. You may be able to get details of the water poiiution problems in
your country from local health, environmental, or port officials. You could
also invite such people to meet with the group to discuss these problems.

EXERCISES

The group could be taken on a field trip to look at local examples of
water pollution. They also could be assigned to go out individually or in small
teams to identify 25 many different locations and sources of water pollution
as possible. Then the group should discuss the origin of these pollution
problems and what can be done about thom.

If the government has a local water pollution monitoring programme, it
might be possible to arrange for the group to go along and watch the samples
being cellected and analysed.

{Unit written by A. L. Dahl)
[Revision 25/07/85]
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WATER POILLUTION

Water is essential to all life, and living things are mostly made of
water. This is because water is 3 very good solvent, which means that many
kinds of materials can dissnlve or wash away in it. Sea water is saity because
salts are dissolved in it. The paveraces we drink are water with something
dissolved in it. When we wash something, the water dissclves and carties away
the dirt. Because water is good at disselving things, it also helps to transport
them in dissolved form from one piace to another.,

These gqualities which make water so useful also make it easy for water
te be polluted, or made dirty with things that are dangerous or harmful, Often
pollution comes from man-made substances or things produced by man's
activities that preven! the water from being used naturally. Since nothing can
live without water, anything that makes water unusable or dangerous is very
serious, and can quickly !ead tou the death of people, glanis cr animals i
other socurces of clean water arz not available.

iKinds and sources of water poiiution

There are several kinds of water polivtion that are important in the
Pacific region. Each one comes from particular sources, and can be harmfal in
different ways.

Human wastes. Often water is contaminated with human wastes which
may carry disease germs and parasites. Wherever people live, they must
dispose of their wastes. In urban areas they may use waler in toilets o carry
these wastes awav. Sometimes this water simply drains into a ditch, a stream
or into the sea, carrying the pollution with it. More often the water carries
the waste into a septic tank whepre the waste is digested by microbes and
much of the pollution removed. Some lzrge hotels and modern buildings have
more complicated waste treatment plants to purify their wastes, Unfortunately
septic tanks and treatment plants require mainianance to werk well, and if
this is neglected they also con release poiluted water. This happens much too
often in the Pacific.

In villages, therc may be pit toilets or latrines, or people may simply
take care of their needs in the hbushes or on the beach. Raln or water runocif
may carry these wastes inte streams or the lagson, or wash them down into
the ground water where the pollution can get into wells and springs. Anbnal
wastes may also carry disease germs which can get into water and peliute it

These wastes not only carry diseases and cther dangercus things, they
also may be high in nitrogen nutrients. Too high a level of nutrients can make
algae grow too fast in sireams, lakes or iagoons, smothering other kinds of
life and building up unti! they start to rot and kill the fish. if the nitrogen
compounds get into drinking water, they can be turned into nitrites which
have been linked to cancer in humans.



06 Water Pollution
B o

Washing water. Water is aiso used by people to bathe or shower i, 1o
wash their clothes and dishes, and to clean thair houses end work places. All
that water has to go somewhere carrying all the dirt, germs, and soap,
detergent or other cleaners. While such pollution is nol 25 much of a health
hazard as human wastes, it can still present some dangers. Delergents, for
instance, contain phaosphorus, which is another nutrienl that can cause algae
to grow too fast.

Storm water. Whenever there is a heavy rein, it washes the dust and
dirt off ihe roofs and the streets. In towns and cities in particular, that dirt
can contain poliutants such as oil spilled from cars and trucks, the poisoinous
metal lead from lead paints and the lead added to petrol {gasoline), and any
other dangerous things that may have been spilled accidentally.

Sediments. Whenever erosion occurs on the land, whether from
agriculture, consiruction, forestry or mining, the fine particles of the soil
become pollution in the water. The water turns cloudy or turbid, so fish can
no longer see far, and sunlight cannot reach the plants on the bottom that
make food for everything else. As the fine particles settle cut, they !form
sediment or mud on the bottom, smothering corals and plants, and covering up
the hard surfaces of the reef or rock that such things need to attach to. The
ecosystem changes from a stable and productive coral reef or lagoon
ecosystem to a much less stable and productive soft bottom community.

Industrial wastes. Factories and industries often use water to wash
away their wastes, Fruit and fish processing plants or canneries, sugar
refineries, slaughterhouses, coconut oil or oil palm treatment plants, and
breweries, among others, produce waste water with lots of organic material
from the plants or animals that are processed. As this organic matter is
attacked by microbes and decays in the water, it uses up the oxygen: the
water and sludge may then turn biack and smell bad, and ali the fish and
other animals will be killed.

The mining and smelting industries sometimes wuse very poisonous
chemicals like mercury or cyanide in there treatment processes, if a metal
like copper is mined, it may itself be poisonous. Since it is not possible to
stop it from raining at a mine or smelter, or to prevent all accidents, there is
always some small but possibly dangerous amount that gets into the water,
and big accidenta! spiils can also oeccur. Since these poisons do not break
down, they can gu on poisoning the envirenment for a long time.

Many other industries use chemicals that can be dangerous waler
pollutants. Not only can chemicals from photographic processors, laundries and
dry cleaners, paint factories, metal working or plating companies, etc. be
poisonous or harmful in themsesives, but if they get into septic tanks, waste
treatment plants, streams or lagoons they can also slow or stop the microbes
that would otherwise break down and purify organic wastes, making other
water pollution problems worse. ’

QOil pollution. We depend on cil, and oi! products such as kerosene and
petrol (gasoline), for much of the energy used in modern island life, as well as
to keep motors and machines working properly. Unfortunately we cannot ceem
to help spilling some of it while we use it, and it can thus get into the water,
Since oil products arrive in the islands by ship, the risks of oil spills are
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greatest in the vulnerable lagoons, barbours and coastal w]sfers, either in
accidents whiie unioading the oll, in spxlis frem sturage tanks or facilities, or
mare rarely in the grounding of ships carrying oil.

While there are some peisons in oil that can dissolve in the water, the
worst effects of ail pollution come from the facl that oil floats on top of the
water, sticking to things along the shore and covering animals (like sea birds)
that go in and oul of the wdt:.r. Qi can smcther animals, mangrove roots, and
other seashare life. If waves break the oil up into small globs, it may be
eaten by fish and shellfish, giving them an oily taste, Since oil breaks down
very siowly, it can take a long time for oil polluticn to go away.

Agricuitural runoff. Modern agriculture frequently requires chemicals
such as ‘artilizers and pesticides. Unfortunately these do not always stay in
the field: where they are needed, but may wash off with the rain into streams
or the {ajoon. The fertilizers like :ther nutrients can cause algee Lo grow tuo

ast, while the postxc;de» and herbicides are poiscns thal can Kill or weaken
.,en.,xl.wc animals or plents even in very uny amounts. Both can upset the
balance of iife in productive natural environments,

Plastics. Ancther kind of danger comes from the plastics, bottles,
plastic bags, pieces of fishinet, etc.,, which oet thrown in the gea. Such
plastics break down very siowly or not at all, and meanwhile they drift around
causing trouble. Fishnets may go on gatehing and kilting fish long after their
owners have lost them. $mall bits of plastic may be eaten by fish which think
they are food, Some turtles have been known to die from eating too many
piastic bags thinking they are jetlyfish, All the plastic things on the beaches
look wegly and can hurt tourism.

Fresh water poliution

Soine islands have fresh water running down from the mountains or
coliecting on their surface in slreams, rivers and lakes. Since streams ccollect
much of the rain that falis on the land, they receive the pollution that the
rain picks up as it runs off the land and drains into them. This water is often
used for drinking as well as for washing, bathing and swimming, so the
nollution can hurt anyone who uses it. However, since this surface water is
usually quickly replaced by new rainfall, stopping the sources of poilution can
clean up the prablem quickly.

The zame is not true for ground water, which is the water that collects
under the surface of the ground in spaces in ithe sand and rack.~ This fresh
water comes from rainfall that seeps down into the ground, and it muy be
floating on top of the heavier sea water underneath ali the islands. As the
rain scaks into the ground, it may take with it any poliution on the surface or
in the soil. Once this poii'-tion qgets into the ground water, it may stay there
for years and years, since ground water may run off into the sza and be
replaced only very slowly. Ground water is the most import ant fresh water
resource on many islands, supplying wells, springs and water galieries.
Poliution of this water can have a sericus long-term effect on isiond
resources, and can he expensive or impossible to correct.
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Marine poliution

Pollution can reach the coastal waters of the marine environment either
directly or by being carried down rivers or streams. Even though no one
drinks sea water, it is used for fishing and recreation, and can thus be 3
direct threat to pecple who come in centact with it. Particular problems can
come from big pollution accidents like shipping accidents or oil spills, which
are rare but have occurred on a number of Pacific islands. Sometimes the
pollution is intentional, as when someone goes fishing with poisons (usually
itleqgally).

There have been cases in the Pacific where marine pollution has had o
serious effect on a whole lagoon or coastal area. In Kaneohe Bay, Hawall,
sewage from housing developments drained into a bay with some of the best
coral reefs in Hawaii. The rnutrients in the wastes so fertilized a kind of
green bubble algae that it grew all over everything and smothered and killed
the corals. The bay was an ugly mess. However, when a new sewage treatment
systern was put in to keep the poliution from going into the bay, most ol the
algae died off and tne corals are now recovering. Ancther case was the
cholera epidemic on Taraws in Kiribati. The microbes that cause cholera were
brought to the island by one sick person, vho began to .,prz,‘,g the disease to
others, Their wastes got into the ground water and the ia¢ oo, where the
germs were collected by shelifish that were a popular local fodd. Many peop i
got sick very quickly and a few died. The people had to stop eating food from
the lagoon or using untreated well water, and an expensive waste trcahnr:n'..
system had to be installed. Other islands have also bad cholera epidemics
spread by water poliution,

Dangers of water pollution

As shown in the case of Tarawa Lagoon, water poliution can kill people
by spreading diseases. It can also cause poisonings, and make food like f{ish
taste bad, or even be dangerous to eal. Some kinds of pollution in water may
not be strong enough te hurt us immediately, but they may slowly collect in
our bodies until there is enough poison to make us sick., since it happens
slowly, we may not even know why we are sick. Water pollution is also ugly:
cil and tor on the beaches; water @ dirty brown or green coivur; plastic litter.
Such water pollution can be a threat to local people. and damaging to the
tourist industry.

Pollution also damages natural systems. It may hurt the productivity of
mangroves, lageons and coral reefs that are important island resources. It can
upset the delicate balance belween different kinds of life, as when excess
nutrients encouraye algae Lo grow.

-~

(Cleaning up water pallution

All wastes put in water that are not broken down along the way
eventually find their way into the ocean, where they accumulate like the salt
that makes sea water salty, Already some man-made pelivtants trom
industrialized countries have contaminated all the world's oceans. Once @
persistent pollutant is in the sea, it is almost impossible to remove, but
because the oceans are so large, most such pollutants are diluted to the point
that they are not a danger, at least at present. No one knows what effect



D6 Water Pollution
N

they may have in the lonc term. Since most of the poliutanis made in the
Pacific Islands will eventually breas dawn, disposal in the osceans away from
the coast may be a reasonable solution for the small quantities generated.

Fortunately, when water eveporates from the occan lo become the
water vapour that makes ciouds and rain, the poliuiants stay behind, Unless
the rain encounters air pollution (as in the case of the acid rsin of Fuiope
and North America) rain water is clean and pure, and it renews the fresh
water supplies of the islands,

The best way to stop waler pollution is o keep potential poliutants
from qQetting into the water, o if the waste iz the result of washing or some
other use of water, to treat the water, to remove tha pollutants before it is
released back inie the natural environmeni. There are many ways to clean
water, including filters of sand, or biological filters where microbes remove
poilutants, or chemical additives to kill dangeraus germs or to ma'e chemnical
~astes turn solid and settle out of the waler. Sand fiiters on water supplies,
and septic tanks, weste digesters or oxidation ponds for human and animoi
wastes are relatively simple technigues that can even be used in village areas
where water pollution s a prohlem.
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QUESTIONS
Why is water so easily palluted?
How do human wastes becuie a source of water pollution?

How do nutrients in water become pollutants? Where do they come from?

what are some of the industrial wastes in your country that might pollute
water?

What are ihe risks of oil pollution where you are?

What agricultural chemicals are used in your country that: might become
poilutants? i

If there are streams in your couniry, are they safe to drink from?
Jo many people sufter fram diarrhoea in your village or town?

1 ground water is used in your country, what are the risks that it could be
polluted? Are there other water supplies you could use?

Do you see signs of pollution on your shorelines and beaches?
What steps are taken in your country to prevent water pollution?

What more needs to be done?



