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South Pacific Regional Environment Programm:
Training Unit HI1

RESEARCH: THE SCIENTIFIC METHOD
UStE OF THIS UNIT

This unit gives a simple explanation of the scientific method as a way
of thinking about problems and searching for their solutions. IU shaws that
anyone can use the scientific method, and often does so, even without formal
scientific training. Each section should be carefully discussed with the group,
using practical examples, until everyone understands the principles involved.
The concept of research as explained here is essential to the whole training
programme.

EXERCISES

This unit will need to be reinforced with several types of exercises.
First, each point in the text should be supported by group discussion,
focussing on concrete examples from the local environment similar to those
used in the text.

After reviewing the whole text, group exercises should be organized lo
discuss and develop case studies of the application of the scientific method.
The group should go through the different steps of defining a problem,
thinking about possible explanations or solutions, and designing experiments or
studies to prove them. Where the group is large, it can be broken up into
working groups of about 5 people, each considering a specific problem
assigned by the group leader, Examples of local preoblems that could be
discussed are a watler shortage in a village, a field with declining agricultural
productivity, a pest like rats or giant african snails, the declining catch of an
impertant food fish or bird, etc.

The following exercises can be done individually or in the group to
develop powers of observation:

Coins are something we handle frequently without really locking at
them. Describe in as much detail as you can one of the common local
cuins (specified by the group leader) and explain the significance of
what is on it. Only afterwards should you look at the coin to see how
accurate you were.

LLook closely at a tree and describe as much as you can about o
(species, age, history, condition, health, probable future, ete.).
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Select a plant or animal and try thinking about it at different scales: o
part of ‘@ larger community or ecosysiem; as one of a population of tha!
species; as an individual struggling for survival, and trying to produce
offspring; as a coliection of organs cach coniributing to the functioning
of the corganism; as @ host to many insects, microbes and olher tiny
forms of life. Look at it from each perspective to see what evidence
you can find for each of its roles.

he epartoons somelimes published in newspapers in which one tries to
find hidden errors cr differences between neariy identif:al drawings can
also be used to develop powers of observation.

{Unit written by A. i.. Dahl)
[(Revision 22/08/85]
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RESEARCH: THE SCIENTIFIC METHOD '

For many people, scientists are mysterious figures with a deep
knowledge that ordinary people cannol understand., They are thus regarded
with the same awe tinged with mistrust that in former times was reserved for
the sorcerers and holders of magical powers. It is true that a scientist must
learn many facts and even the scientific language used in his specialty.
The facts are the accumulated knowledge of many generations of scientific
work, and the language or terminology allows him to communicate with cther
specialists around the world, However the spientific method is basically very
simple, being more a way of thinking about problems and their sclution.

While the knowledge and language of science are usetul, they are oot
always necessary for scientitic solutions to local environmental problems.
They cahr be replaced by long experience in a place and good powers of
cbservation. Most local languages have names for the plants, animals, places
and other parts of the environment; while it may be difficult to use them to
communicate outside the language group, they may be perfectly adequate for
local use. It should thus be possible for someone like you with reascnable
intelligence, good powers of observation, and an understanding of  the
scientific method, to become a kind of local expert or scientist able to do
research and find solutions to local problems.

Research means to study something carefully in order to learn
something new about it, The scientific method is a way of doing research. t
usually involves several steps which will be explained below:

definition of the problem,
looking for explanations or solutions, and
measuring and experimenting.

It is often necessary to go through this process several times, as the
results one set of experiments or observations may raise new questions or
suggest other explanations. Alse, one of the proofs of successful science 15
that others should be able to repeat the same experiments and to get the
same results. :

Definition of the problem

Defining what the problem is in a way that it can be studied
scientifically is perhaps the hardest step in the process. Sometimes people
know that something is wrong, but they cannot think about it very clearly.
Often they are so used to the way things are that it never occurs to them to
think about them or to look for ways to change them. Recognizing the
possibility of change or improvement is the most creative step in the
scientific method,

For example, suppose people have always climbed a mountain by a
particular path, Most would never stop to think that there might be another
way up the meuntain. Asking the question "[s there a better way up the
mountain?" is the first step in the scientific method.
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Problems can be defined in different ways, perhaps best illustrated by
different types of questions.

They can be problems of description:
Wwhat is there?
What is it made of or how is it made?

They can concern a process or cause and effect:
Why has that happened?
How doa2s it work? *

They can raise guestions of time or place:
What was that like befere?
What will it be like?
Where did it come from or go te?
Is it the same here as there?

They can be problems of human activity or control:
What can be done to change that?
How can we keep that from happening?
Is there a better way to do it?
If I do this, what will happen”
How can we get more, or do .t more easily?

Almost any problem can be put in tire form of a question. However, if a
problem or question is too general, it wili be impossible to use the scientific
method to salve it. The more specific you can make a problem, the better the
chance of finding a solution,

For instance, suppose you are a fisherman. You could ask "How can i
catch moere fish?", hut this wiil not be very helpful. If you ask "How can !
catch more fish with my trap?, you have aiready focussed on a specific case
where you could consider the form of the trap, the materials it is made of,
the bait used, the iocation and time for setting it, ete. An even more specific
question, such as "What kind of bait will attract the most fish to my trap?"
will make the search for a sciution or imgrovement that much easier.

f

I_coking for explanations or solutions

Once you have defined your problem as specifically ¢s possible, iL is
normal to think about what the solution might be. Often we can imagine
different possibilities or explanations based un what we already know about
the prablem, For instance, in the example of the path up the mountain, we
may already have an idea of other routes that could be tried. As we think
sbout the problem, we may see that there is a choice between two or more
solutions which at first glance seem equallv good.

We also must define very clearly what our criteria are for judging what
is a good or bad sclution., A gocd path up the mountain for a man on foot may
not be good for a horse, and even less so for a road for cars and trucks, The
man may prefer a short steep path, where a car could get there faster on a
iong gently sloping route,
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Our way of thinking about problems and explaining them depends on wur
background and education. Different cultures have their own sets of values
and ways of explaining natural phenomena. Even in science, schools of thought
vary from one country to another, and it is not possible to say one s
necessarily better than another. For instance, Chinese medicine is very
different from French medicine or Americen medicine, vet each succeeds in
curing many illnesses, and each can be enriched by learning from the
experience of the other. This is an area that is closely tied to culture,
language, and religion, among other fields that are beyond the scope of thus
training programme. For our purposes, what is important is that you think
through clearly and carefully what the solutions or explanations might be
your own cultural context, so that you know what you are trying to test wilh
the scientific method.

Again, the more specific you are In your proposed solutions or
explanations, the better the chances of proving them right or wrong.

Measuring and experimenting

Once you know precisely what you want to test, you can make
measurements or experiments to prove or disprove your explanation or lo
establish the best choice. An experiment is a test or trial to find out how
something works or to see what happens. Often it means doing something on a
small scale or in a simplified way in order to answer yocur question. t or soine
kinds of problems, the answer can come from making certain measurements or
observations. for example, in the case of different paths up the mountain,
after having looked at the mountain from a distance or on a map to see what
routes might be practical (your possible solutions), you might then test each
possible route by walking up it, to see if there is not some hidden obstacle,
and to judge if it might be easier or faster than the present route. Or having
thought over the different possible baits for your fish trap, you weuld then
experiment by trying each one several times to see which was the most
successful in attracting fish.

The design of a good experiment 15 not always as easy as it seems.
There should be only one possible cause of the result of an experiment, that
will either prove or disprove your explanation. If maore than one interpretation
is possible, then your gquestion will not be answered {except perhaps by
another experiment),

It is most important in an experiment to change only the one thing you
want to test, f©verything else should stay the same. This will require great
care in conducting your experiments. For instance, suppose you are testing
baits in your fish trap. If you put one kind of bait in one trap, and another in
another trap, you must be sure that the traps are exactly the same, and are
in exactly the same kind of place, or the difference in catch could be from
the kind of bait or the kind of trap or the location of the trap. If you decide
to put the different baits in the same trap on different nights, you must Le
sure that there is no difference between the nights (moon-lit or cloudy, high
or low tide, windy or calm, ete.) or these other facters might be the cause of
the difference and your experiment will not prove anything.
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Often it is necessary to do an experiment and a cootrol, A conirol
should be just like the experiment, but without changing the thing you want
to test. If a doctor wants to test a medicine, he may take two groups of
similar people, and give the medicine to one group while the other group (the
control) gets similar looking pills without the medicine. No one (aoften not
gven the doctor) wiil know which is which until after the test. This is because
people often get well just because they think they are taking a good
medicine, and even the doctor night unconsciously judge the resulls
differently if he knew which patients were taking the real medicine. The
control group makes it possible to prove that the medicine made a real
difference.

In the same way, you might need to set up two sets of fish traps. In
one set (the control) you would put a Lait which you know will catch a
certain number of fish. In the other (the experiment) you would put the new
bait to be tested. You could then say whether under that set of conditions
the new bait attracted more or less fish than the other.

Another problem with experiments is the number of times an experiment
is done. Many things change just by chnncp. The same h.,h traps with the
same bait will not always catch the sam » number of fish. o prove that an
experiment worked, the difference must be more than whatl rmqht be caused
by chance. Scienlnsts use complicated methods with statidtics (a kind of
mathematics) to calculate if the result of an experiment is withini the range
of what might happen by chance, or is sufficiently difrerent that the
probability is high that iL was caused by the experimental change. Whal is
impertant to remember is that the more times an experiment is done, the
greater the probabitity that a difference between the experimental and
control group is significant, Also, the iarger the number of experiments, the
smalier is the difference thal can be detected. You will probably not be able
to check your resuite for statisticel significance, but you should do an
experiment enough times to be reasonably sure of the result.

One important proof in science is repeatability. Anyone anywhere
should be able to do the experiment under the same conditions and get the
same result. If you (or someone else} cannot repealt your experiment, there
may have been some hidden variable that was not controiled. You will need to
try to find what it was and then plan your experiment more carefully.

An experiment is often a way of trying something out on a simall scale
to see what it does or if it works before investing time and effort in a full
scale use. You experiment with a new bait on a small scale before using it in
all your fish traps. Be careful that nothing changes between your small scale
cxperiment and full scale use. Sometimes the increase in scale itself can
create new problems, Suppose your new bait works well In a small
experimentai trial, but when used in larger quantities it attracts too many
sharks who damage the fish traps. A new crop may grow weil in a trial, bul
when planted on a large scale it may be easily attacked by some pest. it may
be necessary to make first a small experiment, then a larger one, and linally
a full-scale trial to prove that the change is worthwhile.
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People in rural areas ore very conservative in the way they do things
because the old ways have proven themselves aver many years and the
proposed changes are largely untested. An experiment or trial can show them
that a change is good at the same time that iU may show how to adapt the
change to local conditions,

Importance of careful observation

This unit has described the essential principles of the .scientific method:
defining a problem, looking for explanations or solutions, and testing those
solutions with carefully controlled experiments. There is a skill that s
fundamental to success in the use of the scientific method, and that s the
power of careful ohservation. A scientist must learn to look carefully at the
world around him, whether it be to identify problems, look for solutions, or U
follow and record the results of experiments, Much of the trawning of o
scientist involves teaching him to observe and giving him the knowledge to
understand and interpret the resuits.

Many of you who have grown up in rural areas may have learned to
ohserve the world around you quite naturally, because rural life has always
depended en an understanding of the environiment. If vou already have that
skill, it will be easy to use it to apply the scientific methoed in your own local
context. The exercises accompanying this unit can also help te develop your
skills as an observer.

t xamElcs

It is easier to understand the scientific approach to a problem through
specific examples, a few of which are developed below.

The problem of the best path up the mountain has already been
mentioned.  In many places the same routes have been used for centuries, and
follow paths first traced by animals or people traveling on foot. Today the
destinations, means of transportation and methods of construction have all
changed, and the old route may no longer be the best. The first step is
recognizing the need to look for a new route {(the problemj. The criteria tor a
good route are then defined (distance, slope, ease of construction, ete.) and
one or more alternatives are identified. The question to be tested is "whnich is
the best route?' The test would invelve measuring the different routes for
distance and slope, examining the rock and soil along the route far problems
of construction, etc., te provide the information on which a choice can be
nade. In this case the old path is the control against which the alternatives

are compared.

The problem of improving the catch in fish traps has also be mentioned.
A test of fish traps might look inlo their form, the materials of which they
are made, their location, the timing of their placement and retrieval, and the
bait used. We can select just this last item and ask what is the best bait to
use for catching a particular fish, There may already be a traditional bait,
but many new things are now available that did not exist in former times, so
why not see if any of them are better. Different possible baits could be
selected on the basis of colour, form, cdour, texture, cost, availability, ete.,
and some trials prepared in which perhaps 5 traps are baited with Lhe

s

traditional bait and 5 with a new bait (depending on the number of traps
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available). The traps, carefuily marked as to type of bait, are all placed in
similar areas,” and the total catech with each bait is compared, 1f a new bsait
looks promising, it can then be tried on a larger scale or in different
situations, leading possibly to its adoption as a replacement for the traditional
bait.

Consider as another type of preblem a field of taro that has been
‘damaged in a cyclone or storm. To define the problem we must ask what
precisely caused the damage. This will require listing all the possible causes
of explanations: wind damage, plants buried in silt or drowned by flooding,
sotl washed away, salt carried in from the sea, ete. We should then examine
the field carefully for evidence to support one or anctherjof our possible
explanations. Once we have found the real cause of the damage, we can ask
how it can be prevented the next time. This may require trials of different
types of windbreaks, flood controls or drainage before one 15 {inally adopted.
I{ it helps to protect the taro from the next storm, some progress will have
been made in the community.

The scientific methed is nol so new L most traditional societies, People
have always tried new things cut, and kept what seemed to work., A scientist
simply does this more consciously and systematically. In pre-turgpean New
Caledonia, the ¥iMaster of the Yams" had 2 small sacred garden near his house
where he performed different rites associated with growing yams. These
gardens may have served as small experimental gardens where he could
ogbserve. the condition and development of the crop, and make
recommendations accordingly to the people of the village. The methed is
similar to that used by modern agricultural scientists,
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GUESTIONS

Wwhat ic the first step in the scientific method?

How do you find an explanation or possible solution for a problem?
What are different ways of proving an explanation true or false?
How do you design an experiment?

what 15 a contral?

what does it mean if you repeat an experiment and do not get the same
result?

Can you think of examples of people who may have used the scientific method
without realizing 1t?

How do you think traditional knowledge of the environment was discovered?
Are scientists the only ones who can use the scientific method?

Wwhat are the advantages of the scientific method over simple trial and error?
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South Pacific Regional Environment Programme
Training Unit H2

RESEARCH AND MONITORING INSTRUMENTS AND TECHNIGUES

USE OF THIS UNIT

Scientific research does not always require complicated instruments and
elaborate techniques. The purpose of this unit is to show some of the simple
ways that information about the environment can be coliected using materials
available almost anywhere and equipment that can be built by oneself.

The unit is subdivided into sections concerning different techniques or
resources. It would be good to go over all the sections at least briefly, as
they may give ideas for techniques to be used with other resources. More
time can then be spent on those sections most appropriate to the local
environment or to the probiems the participants face at home.

It has only been possible to include a selection of techniques here to
give an idea of what can be done with a little imagination and not much else.
The participants should be encouraged to think up their own methods adapted
to their own particular problems.

EXERCISES

Those methods most useful to the participants should be tried in the
field as individual or group exercises. A person will have more confidence in
himself if he or she has done something at least once under supervision.
Attention should be paid to the following points in the practical exercises:

-— the respect of any principles involved in the construction of
measuring devices,
-— the care with which the measurements are made, and

——— the recording of the measurements or information in a form that
1s properly dated and identified, and is clear and easily
interpreted.

Methods and techniques can always be improved, and new ones may be
developed that could be of interest to the whole reqgion. Comments on these
methods and suggestions for new ones would be greatly appreciated, and
should be sent to: South Pacific Regional Environment Programme, South
Pacific Commission, P. O. Box D5, Noumea Cedex, New Caledonia.
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SUPPLEMENTARY MATERIALS

The method for studying coral reefs is described mare completely in the
Coral Reef Monitoring Handbook by Arthur Lyon Dahl, first published by the
South Pacific Commission in 1981, and reprinted as Reference Methods for
Marine Pollution Studies No. 25, United Naticns Environment Programme, 1984.
if this method is important for the course, then copies of this handbook sheuld
be obtained for sach participant.

(Unit written by A. L. Dahl)
[Revised 22/10/85]
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TEXT

RESEARCH AND MONITORING INSTRUMENTS AND TECHNIQUES

Scientific research and environmental monitoring do not always require
laboratories and expensive equipment. There are many research and monitoring
technigues that do not need special knowledge or training and that can be
done with things you can make yourself. Some examples of these simpie
methods are given on the following sheets. If you need other kinds of
information, you can probably think of ways of qgetting it using simple
techniques like these.

Remember that many details that may be important to scientists thal
must communicate their work to others will not be necessary if the
informatian is just for your own use at the local level. For instance, scientists
usually measure things using international systems of measurement such as
metres, litres and grams, that make it possible for everyone to compare what
they are measuring. If you do not have a metre stick, ruler or measuring tape,
you can invent your own measures. For instance, a lenqth of rope can be used
for surveying (for example: 5 ropes from house to tree; 12 ropes from tree to
fence, etc.). As long as the same length of rope serves as the unit, your
measurements will be consistent, and if vou keep the rope safely, it will
always be possible to measure it Jater and make the conversion to standard
units (if the rope is 5 metres, the distance from house to tree in the example
would be 25 metres). A wooden pole can also be used as a unit of measure; it
can be laid end to end, or used tc make regular marks on a measuring rope.
Long ago people used fingers, hands, arms and feet as units of measure. One
English measure is still called the foot. Today it is often possible to findg
something already measured or marked off at reqular intervals, like ruled
paper, that can be used to make measuring devices.

Similarly, a simple balance can be built to give comparative weights or
changes in weight. Two pans are hung fram a rod that is suspended in the
middle, perhaps with a wire or nail sticking up to show when it is level. Once
it is adjusted so that it is level when empty, it can be used to weigh things
by placing the abject on one pan and counterweights on the opposite pan until
it is again level. Today it is not hard to find things of uniform weight that
can be used as counterweights and units of measure, such as coins, marbles,
canned goads, fishing weights, etc. Some things even have their weights
written on them.

A simple balance

o
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Another apprcach is to record the measurements directly without using
a system of measurement. For instance, if you are measuring the amount of
rain every day in a rain gauge and keeping the record on a wooden board, you
couid put a dry stick in the rain gauge, then lay it on the board and cut
marks with a knife showing the length of the stick that was wet. Such marks
made zlong a line each day, with symbols showing the season or time of year,
will produce a good graph of the rainfall. it is not even necessary tc be able
to read and write. The same technique can be used to measure the diameter
of tree trunks or the length of fish; a string is wrapped around the trunk or
laid along the fish, and then placed on a board or sheet of paper where the
length is marked and identified.

Since most measurements for local environrmental management will be
for inventories or comparisons of changes over time, what is most important is
that the same techniques ancd measures be used each time. Standard measures
make this easier, but they are by no means absolutely necessary unless your
information must be compared wilth that from other places. You will probably
not need as much precision as a scientist in making your measurements, so the
above techniques should give adequate results.
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RAINFALL

Fresh water is one of the most important island resources. [t is
therefore essential for agriculture, for village water supplies, for flood
protection and other uses to know how much rain falls, when it falls during
the year, how much can fall in a short period of time, how long are the
periods without any rainfall, and how much these amounts change from year
to year.

Most island countries have at least one weather station where rainfall
s measured, and this information is usually available for the location of the
station. However, rainfall can vary a great dea! from place to place on an
island, depending on whether it is the wet or dry side, high or low, exposed or
protected, etc. [t is important to wunderstand how these places with
microclimates differ from the main weather station. One way to do this is to
make your own records of local rainfali, which can be done very simply by
catching the rain in a rain gauge and measuring it.

It is sometimes possible to buy clear plastic rain gauges already marked
with a scale showing the amount of rain. If these are not available, you can
make one out of any can or cylindrical glass jar with straight sides, a flat
bottom, and a mouth as wide as the sides. The container must be straight
from mouth to bottom so that the depth of the water (the amount of rain) can
be measured with a plastic ruler or other measuring stick. A clear plastic or
glass container is better because you can read the depth through the side of
the bottle.

Rain gauges

The rain gauge needs to be placed in the open far from walls, roofs,
trees or other things that might either shelter it from the rain or drain extra
rainwater into it. It should be fixed upright where it cannot be knocked over,
and where children cannot play with it or animals drink from it.

The rainfall is determined by measuring the depth of water in the rain
gauge. This can be done with a ruler {like a child's school ruler) or other
scale attached to the outside of a clear container, or by putting a ruler in
the water and reading the level on the scale (be sure that the ruler reads
from the very end; many rulers have a space before the scale starts, and this
space will have to be cut off to measure the depth inside the container.
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[f no ruler is available, the depth can be measured by the direct
method. Pick a stick or rod of a material that changes colour or otherwise
shows clearly when it is wet. [t should nat be too absorbant, or the water will
creep up it before you have a chance to record the mark. Dip the stick to the
bottom of the container, then quickly place it on your record sheet and mark
off the level of the water on the sheel. The stick should be as small and thin
as possible, so that it will not raise the level af the water too much when it
is put in the rain gauge. Be sure to empty the water out of the container
after making the measurement, so that the gauqge (s ready to catch the next
day's rain.

The ideal is tc measure the rainfall every day at the same time of day.
[f this is not possible, try recording the rainfall every two or three days, or
at least once a week, perhaps in conjunction with some regular activity like
going to church. If you wait too long between measurements, the rain gauge
might overflow if there is heavy rain, or if it is hot and dry, the rain water
might evaporate before you measure it. If you miss a measurement, note this
with your next measurement and either show the amount for the day when the
most rain fell, or divide it evenly between the days which the measurement
covers. If dirt or leaves get into the gauge, remove large pieces if possible
before making the measurement, and clean out the gauge thoroughly before
putting it back in place.

With each measurement, be sure to record the date and the number of
days that the measurement represents. If there was no rain, this also should
be recorded. One of Lhe best ways to show rainfall patterns is to make a long
bar graph with marks on the bottom line for each day or week aof the year,
and with bars showing the depth of the rain in the gauge for each day it fell.

Rainfall bar graph
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As rainfall information is collected from year to year, it will become
more and more useful. You can compare your rainfall with that at your
nearest weather station. You can also compare the current year with previous
years to see how much they change. You may alsa be able to relate rainfall
patterns to the best time for planting or harvesting, to the fruiting of trees,
the occurrence of plant diseases, or the numbers and behavior of coastal fish.
Such information can help to achieve the best management of your natural
resources.
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TEMPERATURE

In the South PFacifie, the temperature is not as much of a problem for
resource management as it is in deserts or colder temperate areas. it is
usually the extreme temperatures, such as particularly hot days or cold nights,
that may have an effect on agriculture or housing design. However, the water
temperature in the lagoon and coastal waters may be more significant for
fisheries and coral reef management. Even a small change from the ususal
temperature may result in the death of corals or the disappearance of fish.

The temperature must be measured with a thermometer. There are no
non-technical methods that are sufficiently accurate for monitoring
temperature changes. Fortunately it is usually possible to find inexpensive
household thermometers that are sufficient for local monitoring purposes. For
measuring water temperatures in the sea, a thermometer with a plastic
support is usually best, as paper will dissolve in the water and metal will rust
or corrode.

To get the high and low temperatures during the day, it is best to read
the thermometer in the middle of the afternoon when the sun is still high, and
late at night or in the very early morning when it is coldest. A thermometer
should always be hung outside but in the shade and not held where the hand
could warm it while reading the temperature.

When Ltaking the waler temperature, the bottom of the thermometer
should be in the water for at least 1 to 2 minutes before reading the
temperature, and the reading should be made while the bulb is still in the
water. There can be big local differences in the temperature of coastal
waters depending on their depth and the amount of circulation, so be sure to
choose a place where Lhe water is representative of the environment you
want to menitor. Ocean temperatures do not changs from day to night, but
only with the time of year. However, there can be some daily change in the
temperature of shallow coastal waters.

The ideal thermometer for environmental monitoring is called =z
maximum-minimum thermometer. [t is shaped like a U and has little metal
slides inside that show the highest and lowest temperatures reached since the
last resetting. The slides are usually reset with a magnet. With such a
thermometer, environmental readings need only be taken at whatever time is
convenienl during the day, or even say once a week to record seasonal
changes in high and low temperatures. Such thermometers are easy to use and
not very expensive, but they may be difficult to find in most parts of the
Pacific.

/-—\

Thermometer Maximum/minimum
thermometer
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TURBIDITY

Turbidity is a measure of how cloudy or muddy the water is, based on
showing how far light can travel through the water {sometimes called its
transparency). Turbidity is a good measure of water poliution, or the effects
of sediments or erosion on lakes, rivers, or coastal waters. Turbidity can be
caused by fine silt, mud or soil in the water, by organic or chemical
pollutants, or by dense blooms of tiny algae (plants) or animals which may
grow quickly when there are fertilizers or other poellutants present.
Monitoring turbidity is a good way of measuring the quality of the water or
the health of a lagoon.

The classic way for scientists to measure the turbidity where the water
is deep enough is with a Secchi disk, and it is so simple that anyone can do
it. A Secchi disk is a circular disk usually 25 centimetres in diameter,
attached in its middle along with a weight at the end of a rope. The disk is
painted white, or preferably divided in quarters with two white quarters and
two black quarters. The rope is measured and marked at regular intervals,
usually every metre, so that it is easy to telli how long it is.

@JW]\

Secchy ave 1o measure lurbidity

To measure turbidity with a Secchi disk, you need to be over reasonably
deep water in a boat or at the end of a dock. It is best to measure the
turbidity in the middle of the day when the light is bright. Avoid working in
the shadow of the boat or dock. Lower the disk into the water and watch it
go down, counting the Jength of the rope as it goes. When you can no longer
see the disk, write down the length of the rope from the water's surface to
the disk. Lower the disk a little more, then pull it up until you can just see it
again, and count the length of rope from the surface to the disk as you pull it
back up. Add the two lengths together and divide by two to get the average
distance to where the disk was no longer visible. This distance is a measure
of the transparency or turbidity in the water.

Depending on the circumstances, it would be useful te measure coastal
turbidity once a week to get seasonal changes. Maore measurements would be
needed after slorms or pollution incidents. If the turbidity changes with the
tides, currents or wind directions, then frequenl measurements should be made
under different conditions, or ali measurements should be made when these
conditions are the same.
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CORAIL REEF AND FISH MONITORING

The South Pacific Commission has already developed simple techniques
for coral reef monitoring, which are explained in more detail in the Coral
Reef Monitoring Handbook by Arthur Lyon Dahl (South Pacific Commission,
Noumea, New Caledonia, 1981, and UNEP, 1984).

Fish populations along a coral reef can be estimated by swimming with
a mask cr goggles back and forth for 100 metres along the edge of the reef
{measure the distance by following along a 100 metre length of rope). Fish are
counted that are within about 24 metres of the rope on either side. On the
swim out, count the number of large predatory (fish-eating) fish such as
snappers, groupers and emperors. These fish are often the first to be caught
by fishermen on the reef and their number is a measure of the fishing
pressure; if there are none along the front of the reef, or their number
declines over several counts, then there may be a problem of overfishing. On
the swim back along the rope count the number of butterfly fish. These
brightly coloured reef fish often swim in pairs and have a special way of
biting and sucking around corals. [f there are less than ten along the 100
metres of reef, or their numbers decrease with succeeding counts, then
something may have damaged the reef ecosystem.

Butterfly fish

Predatars ($nappers, groufiers, emperors|

The coral reef itseif can be monitared by surveying fixed points on the
reefl chosen as representative of whal the reef is like. A piece of iron
reinforcing rod can be driven into the reef to mark the survey Spot
permanently. A rope 4 metres long with a loop at one end to go over the rod
Is used to measure the circle to be surveyed, which is easily covered by
swimming or walking around near the end of the rope. The bottom is first
described as being mostly mud, sand, rubble, blocks or solid rock. Then an
estimate is made of the amount of bottom covered by live hard corals, soft
corals and sponges, dead standing coral, crustose coralline algae, and marine
plants. The major shapes of corals, soft corals, and plants in the circle are
noted. Finally large or conspicuous animals in the circle are counted.

The Handbook explains all these measures, and inciudes simple forms on
which the information can be noted. When the survey is repeated in the same
place, changes in the coral reef and its populations can be observed. An
explanation of the passible meaning of these changes in included.

Simple monitoring techniques like these make it possible to follow coral
reef resources closely and to observe what changes are taking place. With
this informalion, and perhaps some expert advice if necessary, it may be
easier to manage coral recf resources.
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FOREST MONITORING

Forest areas can be monitored using methods similar to those described
for coral reefs. In most Pacific Island forests, the bird populations are similar
to the fish in the sea, and the trees and plants are like the corals and
seaweeds. However, the size of the trees and the impossibility of swimming
over them means that the method must be modified accordingly.

Forest birds can be monitored by someone who knows the local birds
well by walking a certain distance (perhaps 1 kilometre) along a forest trail in
the early morning and counting the number of each important kind of bird
seen or heard. Some care is required to avoid counting the same bird more
than once. Using this standard measure, changes in the bird populations can be
measured from season to season and frem year to year.

The composition of trees in the forest can also be monitored over time,
using a series of survey circles. Select and mark one tree as the centre paint
in the survey circle. Do not always choose the same kind of tree as a centre
point, but be sure you can find the tree again when vhou wanl to repeat the
survey 1 to 5 years later. Take a rope marked at 1 metre inlervals and tie il
around the centre tree so that at least 10 metres of rope extend from the
tree. The size of the circle can be made smaller or larger depending on the
density of Lrees and the number of different kinds of trees in the forest. A
larger circle is necessary if there are many kinds of trees, but if a circle has
too many irees it will take too long to survey.

To survey the circle, use the rope to measure the distance to each tree
in the circle, and write down on a piece of paper the kind of tree, its
position and its distance from the centre tree. Measure only trees with a
trunk large enough at breast height that two hands cannat reach around it.
When the survey is repeated from the same tree, it should be possible by
comparing notes to see which trees have fallen or been cut down, and which
new ones have grown up to be large enough to count. The total number of
trees and any changes in the kinds of trees in the forest can also be
estimated.

Within the same circle, a count can also be made of any rare or
significant animals or plants like orchids, or introduced pests like guava,
lantana or the giant African snail. Changes in these counts over time can also
be a sign that important changes are taking place in the forest.
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SOIL ANALYSES

The soil is one of the most essential island resources, on which both
agriculture and forestry depend for their productivity. Careful management of
the soil is essential to maintain its good qualities. To do this, it is helpful to
be able to measure some of the characteristics of the soil and to monitor any
changes. The following are some simple ways to analyse a soi)l for its
qualities.

Soil compaosition

Soils are made mostly of sand, silt and clay. Sand has large grains that
are easy to see with the naked eye. Silt has finer grains like the mud left
behind where water has receded. Clay is the finest of all and usually sticks
together in a slippery mass when it is wet, or becomes very hard when it is
dry. The amount of each of these determines the composition of a soil and
gives it its texture. A good soil, called loam, has about 15% sand, 30% silL
and 55% clay.

An easy way to see the composition of a soil is to take a ciear qglass
jar or bottle with a tight fitting top and straight sides that are easy to see
through, Fill the jar less than half full with the soil to be tested, add water
until it is almost full, put on the top, and shake well until the soil is
thoroughly mixed with the water. Then set the jar quickly in a quiet place
and do not move it for at least a day.

Look closely at the layers of soil particles in the jar. The largest and
heaviest particles settle out first, Stones will be on the bottom, then sand,
followed by silt and finally clay. Some fine clay particles may stay suspended
in the water, and large particles of humus or organic matter like wood will
float to the top. The thickness of each layer shows the proportions of that
particle type in the soil sample.

organic matter floating R

clay suspension
\ i clay
? sand

stones and coarse
particies
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Soil texture

The soil texture is the way the soil looks and feels, and it depends on
how much of each kind of soil particle is in it. The texture or feel of a soil
changes as these proportions change.

To test a soil for its texture, take a small amount of the soil and
crumble it in the palm of your hand. Add a littie bit of water to the soil and
try to work it inta a small ball. Use the questions and answers below to find
the texture of the soil.

[s the soil gritty?

e

NO YES
Is the soil sticky? Does it make a firm ball?
YES NO YES NO
Is it hard to squeeze? Is it silky?
YES NO YES NO
l J/ l l/ W v
Clay Clay loam Silty loam Loam Sandy loam Sand

By following each soil sample through the above questions, you can
determine the general type and texture of a soil.
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Soil and water

One of the important characteristics of a soil is what it does when it
rains and the soil gets wet. [t is important to know how quickly water is
absorbed or soaks down into the soil (called its porosity), how quickly it
passes through the soil (its permeability), and how much water is held in the
soil {its field capacity). If water is absorbed quickly into a soil, there will be
less danger of its running off and causing erosion or floods. If it passes
through the soil quickly, then the ground water will be recharged rapidly. If
the soil holds a Iot of water, then it will not dry out so quickly after a rain
and crops will grow better. The following simple test will show how a soil
rates for these qualities.

Take three cans of the same size, like those that beer or soft drinks
come in, and remove the tops. Mark each can in the same place half way up,
so that you can tell when the can is half full. Punch several small holes in
the bottom of one can with a nail or other pointed instrument, and fill it half
full with the soil Lo be tested. The soii should be dry and well packed down in
the can. Fill another can half full of water. You will need a clock or waich
that can time in seconds. Hold the can of soil over the empty can, pour the
half can of waler on top of the soil, and start timing immediately. Count the
number of seconds it Lakes for the first drop of water to fall into the bottom
can; this shows the rate that water passes thtough the soil (its permeability).
Also count how long it takes for all the water to disappear from the surface
of the soil, which show how fast the soil absorbs water (its porosity). Then
wait for 10 minutes, and measure how much water is in the bottom can
(remember that you started with half a can of water). This shows how much
water stayed in the soil {its field capacity). You can measure the amount of
water in the same way you measured the water in the rain gauge. Write down
each of these figures for the soil sample.

There are no easy ways to test a soil for the amounts of essential
nutrients for plant growth, such as nitrogen (N), phosphorus (P} and potassium
(K), bul it may be possible to buy a simple soil analysis kit from an
agricultural supplier. If so, it would be good to test for Lthese nutrients too,
following the instructions supplied with the kit.

If you are testing the soil in a field or garden, it would be best tc test
at least three samples from different parts of the field with each of the
above tests to see how much difference there is between samples. If you do
the tests every year with soil samples from the same place, you can monitor
the soil and see how it may be changing over time and whether management
actions are needed to protect soil quality.
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CENSUSING AND SAMPLING

it is often necessary as parl of an inventory or manitoring programme
to find how many there are of something, whether it be cattle on the range
or people in the village. This can be done by making a census, which is &
complete count of whatever is of interest. Governments usually make a census
of the population every 5 to 10 years, counting the people in every family and
village. A census requires either visiting every place where the count is to be
made, or ecise gathering everything together for the count, as is often done
with cattle.

When a census is repeated, it is possible to see what changes in
numbers have occurred since the last census. Some may no longer be there,
having died or moved away, and new ones may be added through births or
immigration. The total change in numbers gives some idea of the rate of
growth or decline, depending on whether there is an increase or decrease in
numbers. Such figures are often important for environmental management. A
census often collects dala on age as well, since it may be important tc knaow
the age structure of the population, that is how many there are in each age
group (often taken in 5 year qroupings). This information shows if a population
is getting younger or older. For people, knowing this helps in planning social
services like schools, jobs or extra health care for the elderly.

Often it is nol possible or not worthwhile to count everything as is
done in a census, so il is necessary to take a sample, which is a part of the
whole that may show scmething about the whole. Sampling is a very useful
technique in research, but there is always a problem in knowing how much is
a good sample. Whether a sample is good can be complicated, and depends on
the total numbers involved, the distribution of the things being sampled (such
as whether they are scattered at random, evenly spaced, or perhaps ciumped
together) and their diversity, or how many different kinds of things are mixed
together.

To show the problem of sampling error, suppose something occurs in
clumps of several individuals separated by large empty spaces. If your sample
falls in the middle of a clump, you would have the impression that there are
many of the things, but if it falls between clumps, you would think that there
are few or none at ail. With sampling there is always a problem of
establishing what is a significant difference between sampies, as opposed to a
chance difference caused by sampling errors. Increasing the number of samples
or the size of the samples reduces the error, but it also requires more work.

An example of sampling error

o0 0 O oo QOoooo Uo aCo o000 o oooo o0 ocoQ o O oo Oooo
0O 00 0ooo Ap

oo oo o0 00ooo oo
00 O 000 0 D

O o 0O ooooo o

coUC 00 O

coD oo O o

Sample A: O=3, o=3. Sample B: 0=2, 0=22. Sample C: 0=2, o=16.
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Scientists often measure the chance of error in their samples in terms
of the probability that the sample is good or that the difference is
significant, Normally they will only accept a result if the chance that the
difference in the samples is not real is only 5 percent or 1 percent. There are
many statistical and mathematical tests to check this significance.

Anather problem with sampling 1s that the person doing the sampling
may be biased or may be expecting a3 certain result. Often the person is
unaware of this effect, and he or she may not realize thal an unconscious
preference is affecting the cholce of samples. Sometimes scientists use
techniques to select the samples at random to avoid this problem. Maore
samples may be needed with random sampling, but the result is closer to the
true situation.

It is not possible in a brief review of research techniques to discuss
this subject in much detail. What is important to remember is that you should
not make judgements or base important decisions on too smail a sample of
environmental information or research. It never hurts to repeat something in
order to confirm an earlier result. If the second result is different, then
actions based on the first result might have been wrong. You may need to
repeatl an experimenl or measurement several times to see how much of the
difference occurs by chance {or sampling error) and how much represents a
significant difference.
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H} Recording and Analyzing Data

South Pacific Regional Environment Programme
Training Unit H3

RECORDING AND ANALYZING DATA

USE OF THIS UNIT

This unit describes one of the most critical aspects of scientific
research and environmental monitoring, the careful recording and analysis of
the data or observations. It is of no value to conduct experiments or to make
careful observations if they are not wrilten down or otherwise recorded in a
way that the same person or others can go back later and remember what was
done or make a comparison with the same place at a later time.

The participants firsl need to understand what should be recorded. This
should be discussed fully until everyone sees the reasons for recording each
kind of information. The five basic questions (What, Where, When, Who, Why)
should be memorized.

Many ways of keeping records are then described, so it should be clear
that anyone can keep good records using whatever materials are available.
The special types of records, documentation, and ways of marking a site
should also be discussed. [t is important that the participants realize that it is
the content and not the form of a record that is important.

The analysis of the data in records is only introduced here in the
simplest terms. Most scientific types of data analysis are too detailed and
complicated for use at this level, but the methods described should be just as
useful for the kinds of observations and experiments described in these
materials. This seclion should be discussed until both the principles of data
analysis and some of the methods are well understood. Practical exercises in
both making records and analyzing them wiil help to consolidate the
understanding of this unit.

EXERCISES

The discussion leader may want to prepare some examples of records
and of data analysis to usc as models in the discussion. These could be based
on local situations or on some of the examples in unit HI.

A field excursion could also be organized, with the participants asked
to make records of what they observe. The results shouid then be reviewed
and discussed in the group.

Cxercises in data analysis could also be developed using local or
imaginary examples. The calculation of monthly and annual totals, means and
extremes should be practiced.

(Unit written by A. L. Dahl}
[Revised 25/10/85]
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TEXT

RECORDING AND ANALYZING DATA

No one can keep everything they have seen in their head. We all have 3
tendency to forget things as time passes. [f someone moves away or dies,
their knowledge and experience are lost to the community. Therefore all
societies have developed ways of making and preserving records, ranging from
oral traditions passed down from generation tc generation, through scratchings
on stone and clay, to written records and computer data banks.

One of the most essential parts of any scientific work is the careful
recording of the results or observations, and the same is true for any
description or monitoring of the focal environment. Making careful records
will take some time, but it is not necessarily difficult, and for some kinds of
data it is not even necessary to be able to write well. What is important is
that you {or even someone else) can go back to your records severa! years
later and understand what happened or make comparisons.

What to record

The first step in making a record is to know what to record. Three
types of information are essential for any record:

WHAT This is the content of the record. It couid be the amount of
rainfall in a day, the lengths of each fish caught, the description
of a diseased tarc leaf, a map of the area flooded in a cyclene,
or the data on a monitoring circle in a forest. Whatever it is, it
should be described as complelely as possible, so that there can
be no doubt as to exactly what is meant. Do not forget to show
how the measurement was made and what the units of measure
are. If some of this is the same for every record, it can be
included once at the beginning in a description of the methods
used, and need not be repeated for each record unless there is a
change in the method.

WHERE The place where the information was collected or the record
was made should be clearly stated with 3s much detail as
possible, so that someone later can go back and find exactly the
same place.

WHEN Every record must have the day, month and year, and perhaps
even the time of day, as these will be important in making
comparisons with other months or other years, or to see if there
is any change over time.

A record that is not clearly described, or that lacks the place or date,
quickly becomes worthless, and the effort that went into making it is wasted.
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Two cother kinds of information are also very useful in a record even if
they arc not essential:

WHO  The person who makes an observation or record should include
his name somewhere with the record. While you may know what
you have done, it may help anyone else referring to the record
later to know who made it.

WHY There may be some special reason why you made the record or
experiment, or some unusual event associated with the record,
and this should be mentioned. Perhaps you are measuring fish
lengths because you suspect an effect of overfishing, or the
rainfall was very hecavy because of the passage of cyclone
Camille, or on the day of the bird count it was very hot and
there was no wind. Such information can be very helpful later in
interpreting the results. In the same way it can be important to
know that there was nothing unusual or abnormail at the time of
a measurement.

If there is any doubt as to the importance or usefulness of some
information, is is always better to include too much and not use some of it,
than to record too little and later find that you are missing something
essential.

When making a record, slways ask yourself if you have answered the
five basic questions: What? Where? When? Who? Why?

How to record it

There are many ways to keep records. It all depends on what you have
available and how the records are qoing to be stored and used. Most scientists
keep written records on paper, but this may not always be possible or even
desirable in a rural village. Some of the many kinds of materials for records
are described below to show whal is possible depending on local
circumstances.

Paper is easy Lo write on and widely available, so it is generally
preferred for written records. However, it can be damaged or destroyed if it
gets wet, and, in the tropics, paper may turn mouldy or be eaten by
cockroaches, silverfish, termites or other insects. Some cheap paper like
newspaper also turns yellow with age and breaks into pieces. for records to
be kept a long time, try to choose the best quality paper available.

Since individual sheets of paper can easily be lost or mixed up, it may
be better to keep your records in a notebook or school exercise book. Then
you know that the records will stay in the order in which they were made. If
the records will be handled a lot, a record book with a strong binding or some
other kind of protective cover may be desirable. Where records may need to
be grouped later in other than chranological order, it may be useful to keep
them in a loose-leaf binder or some kind of folder.
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The kind of writing also can be important in permanent records. Most
typewriters make good records, but they are seldom available in village areas.
Ball-point pens or pen and ink are also good, but try to choose a permanent
ink that does not wash in water, in case the paper accidentally gets wet.
To test your ink, try wetting and rubbing a little piece of paper wilh some
writing on it. Pencil can be erased or smudged if it is rubbed, but it is better
than a washahle ink if water may be a problem.

Words and numbers are not the only things that can be written.
Drawings, maps, pictograms (simple pictures), symbols, tallies or marks can all
be used to record information. However, whenever possible an explanation of
any symbols or marks should be included somewhere in the records so that
others can understand what is written.

If paper is not available or not certain to last under local conditions,
then records can be made on other things found on or around the village.
Pieces of wood can be written on with ink or carved in with a knife. Writing
or drawings can be scratched on bamboc and then rubbed with charcoal to
make them more visible. Pandanus or coconut leaves, or tapa cioth can be
used as a substitute for paper.

Other materials can also be used to keep some kinds of records.
Lengths can be recorded with pieces of rope or string, perhaps with knots in
them to tell them apart, or bundled by period of measurement. Countis or
tallies can be kept on notched sticks or knotted strings. Cloth or oilcloth can
be written on, and maps, rainfall measurements and other data can be stitched
with coloured thread into pieces of cloth. Sheets of metal can also be used Lo
write records on; aluminium beverage cans can be cul open and their sides
flattened out to make sheets on which it is possible to write with a pointed
instrument. Information can be embossed into clay like that used to make
pottery, which can then be baked like pots to make permanent recards.

What is perhaps most important is that the records, whatever they are
written on, are kept in a safe place and protected from whatever might
damage or destroy them. In the Pacific, the greatest dangers to records
probably come from water damage during leaks, floods or cyclones, insecl
attack, mold and rot, children damaging or losing records, and people
accidentally misusing the material such as by taking the paper for use in
personal hygiene. Much time, effort and irreplaceable information can be lost
if care is not taken to protect essential records from harm.

Recording and documenting information

When recording an observation, try to include as much information as
possible. For some things a sample or example of the object can also be
preserved and kept for future reference. For instance, suppose you catch a
new kind of fish. In the record, yvou would describe its size, colour, shape,
where it was caught and by what method, etc. If you hope to have a scientisl
identify it later, perhaps the fish itself can be salted and preserved, or at
least its skeleton could be cleaned and dried to show the scientist along with
the description. Pieces of plants can similariy be flattened between pieces of
newspaper or matting and dried to show what plant is referred to in the
record.
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There is a similar need to document any place referred to in a record,
whether it be the site of an abservation or the location of a marker. The
place should be located on a map, ar positioned by reference to some obvious
and permanent features. This is especially importart if you plan to qo back to
the same place later to repeat a monitortng survey. One way to describe =
location precisely is to determine two lines of sight with pairs of obvious
features; lining up the first two gives a line that one can walk {or swim)
along untii the other two features are also lined up to show where the spot
is. These lines of sight should be described in the record, and perhaps shown
on a sketch map as well. In choosing reference features, remember that trees
can be cut or blow down, telephone poles can be changed, buildings can be
torn down or replaced, roads can be realigned, and other features may not be
as permanent as they seem. The longer you expecl to wait between surveys,
the more permanent the features should be. If possible, plan so that the loss
of any one feature will not make it impossible to find the site.

It will often be necessary to make marks at the place itself to identify
a site or survey area. Marks should be as permancnt as possible, but not so
obvious that they invite vandaiism or disfigure the area. Anything of value
used as a marker is apt to be picked up and taken away by someone.
Important survey markers can be cemented into place. Identifying marks can
also be chiseled into stone or cement, or cut into tree bark. Llarge nails can
be driven into trees or coral (but remember that trees and coral grow and will
cover up the marks if they are not renewed from time to time). Pieces of
steel reinforcing rod can be driven into the ground, or into the reef, perhaps
to mark the centre of a survey circle; short pieces of rod usually do not have
enough value to attract attention, but they are not too difficult ta find again,
even in the middle of a corai reef.

When recording such things as the height of flood waters or the level
of the sea, try to find a point of reference that is as permanent as possible,
such as a ledge in the cliff, the wall of a church, or a large healthy tree. The
next flood might not be for 30 years or more, and it would be wvaluable to
have the same point of reference for comparative purposes.

Photagraphs can be very helpful to record the appearance or position of
things if you have access to a camera. For a picture to be uscful, however,
you should record the same information for the picture as for any other
record: what, when and where it was taken, and perhaps the exact position of
the camera if you hope to take a picture from the same place later and
compare the two.

Recording information wunderwater is a special problem. While
waterproof paper exists thal can be written on underwater, it is not generally
available in the Pacific. However, a pencil can be used to write underwater
on any surface that is a little rough, such as hard plastic or aluminium that
has been rubbed with sandpaper, pumice or sand. The information written on
such a slate can be recopied afterwards onto a notebook page or record
sheet, and the slate scoured again to erase it for reuse. It is wise to tie the
pencil to the siate with a string, as a wooden pencil can too easily float
away.
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Analyzing data

The information collected in records such as those described above is
usually not in the best form for easy analysis and interpretation. While some
similarities or differences may be obvious fram reading the records, there are
often ways that the data can be converted to make them easier tog
understand. [n a bar graph, for instance, the amounts in each record are
shown as the heights of bars, usually in chronological order, like the rainfall
bar graph shown in unit H2. If several years are being compared, the data
might be grouped by month, using different colours or shading for the bars
showing each year's records,

Changes in land uses that have been mapped, or In monitoring circles
that have been drawn, can be shown by overlaying the maps or drawings for
the different records, assuming that they are all drawn to the same scale. The
maps can be drawn on tracing paper, so that one can be seen through the
other. I[f tracing paper is not available, redraw the maps on any relatively
thin paper, and then lightly oil or wax the paper to make it transiuvcent. By
laying one map on top of the other, any differences between them can be
seen very easily.

It can be interesting to compare the data from different places to sce
just how they are different, or to see if certain areas are sufficiently simiiar
that they can be developed or managed in the same way.

Very often data from different years is compared to see what changes
may be taking place over time, or to identify patterns or events that may
repeat themselves at certain intervals. The data for each year then need to
be organized so that the comparison between years can be made more easily.
The same thing is done to identify seasonal changes. The data for each month
or season are grouped and compared to show whatever differences there may
be between seasons.

when you have collected a series of numbers, whether of the amount of
rain, the fish c¢atch, or the water temperature, there are some simple
calcuiations that can be used to give figures that are easier to compare. For
instance, it might be interesting to add up the numbers for each month to
give a monthly total, or for the whole year to give the annuai rainfall or
total catch. [f the total is divided by the number of menths or the number of
days, the resulting figure will be the average monthly or daily amount.
Comparing averages can be easier than comparing all the data, since
averaging evens out the small often random changes from one day to another.
Since it is sometimes the extreme conditions that are the most important for
the environment, it can be useful to determine the highest and lowest figures
for each month, or for the whole year.

Even with these calculations, there is still the same problem of deciding
if a difference is significant or not. The question of significance has already
been discussed in the previous units. In general, the larger the number of
measurements being compared, the greater the chance that the observed
difference is significant.
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Measuring effort

One type of analysis that can be very useful in studying the use of
environmental resources is to estimale the effort that went inlo producing a
certain result. For example, suppose 10 fishermen go fishing on 50 days ot the
vear and catch 500 fish. The next year there are 12 fishermen each fishing
for 50 days, but they still only catch 500 fish. The third year, the 17
fishermen must go fishing for 70 days each to catch the same 500 fish. If you
looked only at the number of fish caught (500 each year), you might say that
the fishing was just as good, but if you calculate the number of fish caught
per fisherman per day spent fishing (in other words the fishing effort), the
catch has gatten steadily worse,

it is thus useful to collect some records of the amount of effort (in
area planted, hours worked, trees harvested, etc.) and include it in the
analysis on order to see if any difference observed is the result of a change
in the productivity of the resource or of the effort put into exploiting it.



