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Appendix 1. 

TRAINING COURSE CONSTRUCTION 

To wor k throug h al l the exercises in thi s tex t woul d 
require abou t si x week s o f fiel d an d drawin g 
office/laboratory time , precede d b y considerabl e 
preparatory effor t from the tutors . Whe n onl y shorte r 
training period s are available, i t will be necessary to 
select th e mos t appropriate exercises for demonstratin g 
the require d concepts or skills. Thi s selection can b e 
made by the training course organiser, bu t the followin g 
comments are intended as guidelines. 

1. One to two day courses: 

The majority of exercises, apar t from those in Chapter 3, 
can b e complete d i n on e or two  days . I f take n i n 
isolation fo r thi s type of use, th e tutor may nee d to 
provide additional introductor y background materials. 

2. One week courses: 

Two approache s ca n be made to use of the Workboo k ove r 
five to seven days. 

(a) Using th e first exercise in each chapter . Thi s 
will expos e student s t o the major concept s i n 
coastal zone management. Th e lead exercises ca n 
be linke d togethe r b y enlargin g upo n th e 
introductory sectio n o f th e chapte r an d th e 
exercise background materials through a lecture or 
tutorial-type presentation. 

(b) Using all exercises in any one chapter. Fou r o r 
more exercises are presented i n most chapters, and 
these deal with different aspects of major topics, 
e.g. Chapte r 4  treat s four aspects o f Coasta l 
Ecosystem Management , viz . status , habita t 
evaluation, resourc e yield s an d recover y o f 
damaged resources . Thes e four exercises can b e 
extended b y us e of suggested alternativ e (i.e . 
additional) exercises. Chapte r 5, wit h only two 
exercises presented , ha s alternativ e exercise s 
which woul d tak e one or two additional day s t o 
complete. 

3. Two weeks, or longer courses 

Two wee k course s could be formulated by linking tw o o r 
more chapter s an d carryin g ou t th e majo r exercises . 
Chapter 3 , Natura l Area Management, i s designed fo r a 
minimum two  weeks work, an d is best taken as a whole a s 
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the exercises follow one another closely. 

In al l cases , th e length of time to be devoted t o an y 
exercise depends on the sophistication of the students and 
the amoun t of prior preparation by the tutor. I t should 
be emphasised , however , tha t the collection of data b y 
field work, laboratory experimentation, library search and 
questionnaire is an important part of training experience; 
and that the essentially practical nature of the exercises 
should be retained as far as possible. 

Figure Apl.l show s how selection of exercises can be made 
in order to construct an extended training course . Fro m 
this diagram, it will be apparent that most exercises have 
"pre-requisites", i.e . fo r concept s an d skills t o b e 
developed logicall y the exercises should be carried out in 
order. Fo r example, a resource assessment cannot be made 
effectively befor e a  resourc e inventor y ha s bee n 
completed; and , similarly, advanced planning fo r a marine 
park mus t b e precede d by agreement o n th e managemen t 
objectives fo r the park. I f single exercises are to b e 
used, durin g shor t courses, th e tutor must ensure tha t 
this pre-requisit e informatio n ha s bee n supplie d an d 
understood. 
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Appendix 2. 

GUIDELINES FO R CONDUCTIN G AERIA L SURVEY S O F COASTA L 
FEATURES 

Aerial surveying is particularly valuable for observatio n 
of short-ter m coastal phenomena or occasional events. I t 
has bee n use d successfully to examine wave an d curren t 
patterns in the nearshore environment, i n the latter case 
going alof t to track the spread of dyes like fluorescei n 
or rhodamin e B  whic h ha d bee n release d som e hour s 
earlier. Aeria l surve y i s a n accepte d metho d o f 
inventorying many animal populations, such as resident and 
migratory shorebirds , manatees , dolphins , som e of th e 
larger pelagic fish and sharks, and also sea turtle nests. 
In a  simila r way, i t can be used to count visitor s o n 
recreational beaches or concentrations of fishermen. Where 
recent aeria l photographs are not available or maps hav e 
insufficient detail , th e coasta l manage r ca n upgrad e 
baseline dat a in a rapid and cost-effective way from th e 
air. 

Detailed guideline s fo r conductin g aeria l survey s o f 
beaches wer e containe d i n th e Manua l o f Se a Turtl e 
Research and Conservation Technique s (Pritchard , Bacon , 
Berry et . al. 1983 ) , prepare d fo r the Western Atlantic 
Turtle Symposium . Th e guideline s whic h follo w ar e a 
simplified versio n base d o n tha t manual , an d ar e 
reproduced b y kind permission of the publisher s (Cente r 
for Environmental Education, Washington). 

1. Decid e on your objectives, i.e . what precisely do you 
want to observe, study or record. 

2. Choos e the type of light aircraft that you need . 

(a) The size is determined by the numbers of observers 
i.e. pilot plus one, two or three passengers. 

(b) A singl e engine, fou r seat, win g above cockpi t 
aircraft is highly recommended. 

(c) If ther e i s t o be extensive flying ove r wate r 
twin-engine aircraf t provide a greater degree o f 
safety. 

(d) Helicopters permi t hoverin g fo r longer-perio d 
observation, but ar e expensive. 

(e) It is recommended that the military or coast guard 
be approache d fo r use of helicopters, a s thei r 
pilots ar e frequentl y exper t a t observationa l 
flying an d hav e goo d knowledg e o f islan d 
coastlines. 
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3. Befor e the flight, 

(a) ensure tha t th e pilo t i s familia r wit h you r 
objectives. Pla n you r route in consultation with 
the pilot 

(b) Ask the pilot to keep you informed continuously of 
your locatio n relative to the charts, the plane's 
altitude, flight path and speed. Check the plane's 
fuel capacit y i n relation to the desired surve y 
time. 

(c) Check the local weather conditions 
(d) Ensure that safety equipment has been provided and 

that you are familiar with safety procedures 

4. Surve y personnel 

(a) A tea m of three observers is most versatile , a s 
there can be one each on the left and right side s 
plus one recording information. 

(b) Alternatively, there can be one observer, with the 
second perso n checking observations an d keepin g 
the records. 

(c) If yo u ar e conductin g a  sol o survey , i t i s 
advisable t o hav e a  tape recorder fo r keepin g 
records, whic h ca n be transposed later on or t o 
use a  camera . Chec k thi s whe n o n boar d to 
ensure it is recording clearly above the aircraf t 
noise. A  hand- held digital counter may be useful 
also for certain types of data collection. 

(d) If aeria l surve y is to be conducted frequently , 
observers shoul d check each other's reliability , 
especially wit h inexperience d observers , an d 
factor this into the results, 

5. Tim e of survey 

The bes t time to survey the coastline from the air is 
early morning, fro m full sunrise to about 1000 hours. 
After this, reflectio n from the sea surface, beache s 
and vegetation obscures details. Ther e may be a haz e 
developed b y lat e morning, continuin g throug h th e 
afternoon, especiall y durin g th e we t season . Fo r 
certain observatio n beach , th e optimu m tim e fo r 
observations shoul d b e ascertained i n advanc e fro m 
ground survey. 

6. Speed , altitude and distance offshore 

These parameter s are determined by the objectives o f 
the survey. Mos t observers will want to fly as slowly 
as possible, and the safe speed/stalling speed must be 
ascertained fro m the pilot. 

(a) For mos t observation s o f anima l populations , 
ecosystems, coasta l oceanographi c an d huma n 
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activities, th e plan e shoul d fly a t abou t 8 0 
knots, a t a n altitud e o f 1,00 0 ft , a t a 
distance offshor e that forms a 45 angl e t o th e 
feature bein g observed,i.e. abou t 2 50-500 ft to 
the side of the feature. 

(b) Visibility i s normall y best if the pilo t flie s 
with th e sun behind the plane or with th e plan e 
between th e su n and the feature being observed , 
i.e. th e east coasts of islands give best results 
from morningtime surveys. 

(c) When surveying greater distances, fly at a greater 
altitude. 

7. Dat a recording 

Observing fro m a  fas t moving aircraft an d keepin g 
notes simultaneously i s difficult. I t is advisable to 
have dat a recording forms prepared i n advance , an d 
these shoul d b e designe d to  sui t th e surve y 
requirements. A n example , use d durin g se a turtl e 
aerial beac h surve y t o describ e shorelin e 
characteristics, is given as Table Ap2.1. 

Table Ap2.1. Sampl e Aerial Survey Data Recording Form 

Sea Turtle Aerial Beach Survey 

Form 1: ZONE RECORDS Pag e o f 

Country Stat e Date(s ) 

Chart(s) Used 

Observers(s) 

Recorder(s) 
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Name : 
or : 

Number : 

: Zone Lar 
: Start : 

ldmarks : 
End : 

Distance : 
KM-NM ; 

Lat : Long : Shoreline 
Characters 



Table Ap2.1 continued... 

Form 1 Explanations 

a. Countr y an d State . Writ e these in . The y wil l b e 
computer-coded i n subsequen t analysis of the entir e 
area. 

b. Date(s) . Of form preparation or when the flight(s) was 
made. 

c. Chart(s ) Used. Give source, number, scale. 
d. Observer(s) . List names of all involved in formulating 

this form. 
e. Recorder(s) . List names of people filling out form. 
f. Headings(s) . Giv e fro m star t to end in approximat e 

degrees or positions. I n circling an island, headings 
will be inclusive. 

g. Zon e Name or Number. Before starting an aerial survey, 
the coastal zone should be divided into zones . Zone s 
should b e numbere d serially and may be of differen t 
lengths. Zon e border s should be based on permanent , 
easily recognise d landmarks, whic h are shown on th e 
charts. 

h. Zon e Landmarks . Th e nam e of a permanen t physica l 
feature (eithe r natural or man-made) easily seen fro m 
the ai r is written in the "start column.11 Whe n zones 
are continuous, th e landmark at the "end" of one zone 
will b e th e "starting" landmark for the nex t zone . 
When area s ar e discontinuous, th e new landmar k i s 
written in the next row and the zone name or number is 
repeated. 

i. Distanc e KM-NM. Thi s is the shoreline distance of the 
zone in kilometers or nautical miles. Th e time taken 
to travel this distance should be measured also. 

j. Lat . Long . Th e latitude and longitude in degrees and 
minutes (t o the nearest tenth minute) are calculated 
from a chart and recorded for the start of the zone. 

k. Shorelin e Characteristics. Thi s is a synopsis of th e 
characteristics o f th e shoreline that occur in eac h 
zone. Wher e mor e than one type of shorelin e occur s 
along a zone, eithe r record the dominant type or give 
the different types in estimated percentages. 

8. A s many as possibl e of the aerial survey observations 
should b e ground-truthed immediatel y after returnin g 
to base , a s a  chec k o n observe r reliability . 
Alternatively, a  second team could be ground-truthing 
concurrently. 
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Appendix 3 

SIMPLE WAVE THEORY 

Introduction: 

The effect s of water waves are of the greatest importance 
to several coastal processes. However , whe n one examines 
waves i n th e ocea n the y ofte n appea r confuse d an d 
constantly changing . Thi s is particularly true while the 
waves ar e unde r influence of the wind, becaus e o f th e 
presence o f severa l wav e fields . Actua l wate r wav e 
phenomena are complex. i.e. they are difficult to describe 
mathematically. 

In orde r t o deal with these phenomena a "simpl e wave" , 
i.e. on e whic h can be described in simple mathematica l 
terms, i s assumed . Severa l "simple" wave theories hav e 
been developed. Th e most elementary theory, referre d to 
as linear wave theory, wa s developed by Airy. Thi s wav e 
theory assume s a sinusoidal wave form, an d is applicable 
over a  wid e rang e o f conditions . Fo r shallo w wate r 
conditions, sinusoida l wave theory predicts the wavefor m 
and associated conditions rather well, althoug h there are 
difficulties i n making the computations. A t the limit of 
cnoidal theory, certai n aspects of wave behaviour may b e 
described satisfactoril y b y solitary wav e theory . Th e 
solitary wave theory is particularly useful for describing 
conditions in the breaking zone, and is easy to use. 

Some Definitions and Classifications 

Definitions 

Complex wave s -  waves which cannot be described 
in simple mathematical terms. 

Simple wave -  a wav e which can be describe d 
in simple mathematical terms. 

Periodic wav e -  a wave whose motion and surface 
profile recur in equal period s 
of time. 

Progressive wave -  a wav e for m whic h move s 
relative to the fluid. 

Direction of propagation - the direction in which the wave 
form moves. 

Complete standin g wave -  a wave form which merely move s 
up o r dow n (clapotis ) a t a 
fixed position. 
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Classifications 

Many type s of action create disturbance, an d hence wav e 
action in the sea, viz.: 

Attraction of sun and moon -  Tides 
Deep sea earthquakes -  Tsunamis 
Wind blowing over water -  Wind Waves 

Tides have periods of the order of 12 hours; tsunamis have 
periods o f th e order of 15 minutes ; whil e win d wave s 
generally hav e a  perio d o f les s than 0. 1 secon d to 
greater than 5 minutes. There are several restoring force s 
which attemp t t o brin g th e sea surfac e bac k t o it s 
equilibrium postion afte r it has been disturbed. The wind 
waves are classified by these restoring forces, whic h are 

(a) Corioli s forc e -  This act s o n the longer win d 
waves. 

(b) Surfac e tension -  This act s o n the ver y shor t 
wind waves. 

(c) Gravit y forc e -  This act s o n the high energ y 
portion of the wind waves i.e . 
waves o f perio d 1  to  3 0 
seconds. 

Gravity waves can be further separated into two states: 

(a) Sea s -  when the waves are under the influence o f 
wind in a generating area. 

(b) Swel l -  when the waves move out of the generatin g 
area, an d ar e no  longe r subjec t t o 
significant wind action. 

When dealin g wit h coastal processes or determining wav e 
forces on structures, we are usually interested in gravity 
waves i.e. waves of period 1 to 30 seconds. In particular, 
waves o f perio d 5  t o 1 5 second s occu r wit h grea t 
regularity. These are either :-

(a) Simple , periodic, progressive gravity waves. 
(b) Simple , periodic, standing gravity waves. 

Linear Wave Theory 

Descriptions an d Definition s -  Figur e Ap3. 1 show s 
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the simpl e progressiv e wav e propagating in th e x 
direction. The equation of the wav e profile is :-

(3.1) 

where y = displacemen t of water surface relative to still 
water level (S.W.L. ) 

H = wav e height (vertica l distance from crest to 
trough) 

L = wav e lengt h (horizonta l distanc e betwee n 
corresponding points on two successive waves) 

T = wav e perio d (tim e for two successive crests 
to pass a given point) 

d = dept h (distanc e fro m bed to  stil l wate r 
level) 

Wave Celerity, Length and Period 

The spee d a t which a wave form propagates is termed th e 
wave celerity , C. 

The genera l equatio n for the celerity of gravit y wave s 
is: -

SHALLOW WATER WAVES 

(3.2) 

(3.3) 

(3.4) 

The subscript is used to represent deep water conditions. 

Equation 3.3 i s used for TRANSITIONAL WAVES, i.e. 
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From Equation 3.3. we obtain:-

(3.6) 
And from Equations 3.2 and 3.4 we get:-

(3.7) 

The ter m d/L has been tabulated as a function of d/L b y 
Weigel (1948) , an d is presented as Appendix C in volum e 
111 of the Shore Protection Manual (CERC , 1984). 

Breaking Wave - The maximum height of a wave travelling in 
deep wate r i s limite d by a maximum wave steepnes s fo r 
which the wave form can remain stable. Wave s reaching the 
limiting steepness will begin to break. 

In deep water the limiting steepness is given by:-

(3.9) 

When th e wav e moves into shoaling water , th e limitin g 
steepness whic h i t can attain decreases . Th e limitin g 
steepness the n becomes a function of the relative depth , 
d/L, and the beach slope perpendicular to the direction of 
wave advance . Severa l investigator s hav e presente d 
empirical equations and curves relating breaker height t o 
wave steepnes s an d beac h slope. However , a s a  firs t 
approximation, the following equations are recommended:-

(3.10) 

(3.11) 
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where d b =  depth of water at point of breaking 

Hb =  breaker height above S.W.L. 

H' 0=unrefracted deep water wave height 

There are three types of breakers: Spilling , plunging and 
surging. Spillin g breaker s brea k gradually , an d ar e 
characterized frequentl y by "white water" at th e crest . 
Plunging breaker s are characterised by a curling over o f 
the to p of the crest and a plunging down of this mass o f 
water. Surgin g breaker s pea k up as if to break in th e 
manner o f a plunging breaker; bu t then the base o f th e 
wave surge s u p the beach face with the disappearance o f 
the collapsing wave crest. 

Wave Refraction 

Theoretical Considerations - Equation 3.3 shows that wav e 
celerity depend s on the depth of water in which the wav e 
propagates. I f th e wav e celerity decreases with depth , 
wave lengt h must decrease proportionally . Variatio n i n 
wave celerit y occurs along the crest of a wave moving a t 
an angle to underwater contours, becaus e part of the wave 
in deepe r wate r i s movin g faste r tha n th e par t i n 
shallower water. 

In additio n t o refractio n cause d b y variation s i n 
bathymetry, waves may be refracted by current or any other 
phenomenon whic h cause s on e par t of a wave to  trave l 
faster tha n another. However , quantitative evaluation of 
the effects of refraction by currents i s difficult. 

The decrease in wave celerity with decreasing water dept h 
is analogous to the decrease in the speed of light with an 
increase i n th e refractiv e index o f th e transmittin g 
medium. Thi s analog y has allowed the use of Snell's La w 
for th e preparatio n o f refractio n diagrams . Severa l 
graphical an d numerica l procedures ar e available , bu t 
fundamentally all methods of refraction analysis are based 
on Snell's Law with some simplifying assumptions. 

The assumptions usually made are: 

(1) Wave energ y between wave rays or orthogonals remain s 
constant. (Orthogonal s are lines drawn perpendicula r 
to th e wav e crests, an d extend in the direction o f 
wave advance.) 

(2) Direction of wave advance is perpendicular to the wave 
crest, that is, in the direction of the orthogonals. 

(3) Speed o f a  wav e o f given period a t a  particula r 
location depends only on the depth at that location. 

(4) Changes in bottom topography are gradual. 
(5) Waves ar e long-crested , constan t period , small -
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amplitude and monochromatic. 
(6) Effects o f currents , winds , an d reflection s fro m 

beaches an d underwate r topographi c variation s ar e 
considered negligible. 

The change of direction of an orthogonal as it passes over 
relatively simpl e hydrograph y ma y b e approximate d b y 
Snell's Law: 

(3.12) 

where the angle a wave crest makes with the bottom 
contour over which the wave is passing 

a simila r angle measure d as the wave crest 
passes over the next bottom contour 

wave celerity at the first bottom contour 

wave celerity at the second bottom contour 

From equatio n 3.12, a  template may be constructed whic h 
will sho w th e angula r chang e in tha t occur s a s a n 
orthogonal passes over a particular contour interval, an d 
permits th e constructio n o f a  changed-directio n 
orthogonal. Suc h a template is shown in Figure Ap3.2. 

Procedure fo r construction of a refraction diagram by the 
orthogonal metho d - Charts showing the bottom topograph y 
of th e study area are obtained. Underwate r contours ar e 
drawn on a tracing paper overlay, o n which the shorelin e 
has bee n placed . I n tracin g th e contour s smal l 
irregularities are smoothed out. 

The range of wave periods, wave heights and wave direction 
is obtained from previous studies or by hindcasting. C2 /C1 
values for each interval are calculated - see Table Ap3.1 . 
A differen t table and refraction diagram is required fo r 
each separate wave period and/or direction. 

To construc t orthogonals from deep to shallow water, th e 
deep water direction of wave approach is first determined. 
A dee p wate r wave front (crest ) is drawn as a  straigh t 
line perpendicula r to this wave direction, an d suitabl y 
spaced orthogonal s are drawn perpendicular to thi s wav e 
front an d paralle l t o th e chose n directio n o f wav e 
approach. Thes e line s ar e extended to the firs t dept h 
contour shallower than 
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Table Ap3.1 Sampl e Data Table for Wave Refraction Studies. 

DATE: COUNTR Y 

LOCATION 

Wave Period (T ) =  1 0 sec . 

Wave Length (LO ) =  gT 2/2TT =  156.1m 

: d  (m ) : 

: 6 0 : 

: 5 0 : 

: 4 0 : 

: 3 0 

: 2 0 

: 1 0 

d / L O :  t a n h 2 T d / L : 

0 . 3 8 4 : 

: 0 . 3 2 0 : 

: 0 . 2 5 6 : 

: 0 . 1 9 2 

: 0 . 1 2 8 

: 0 . 0 6 4 

0 . 9 8 5 2 : 

0 . 9 6 9 0 : 

: 0 . 9 3 7 4 

: 0 . 8 7 9 1 

: 0 . 7 7 6 3 

: 0 . 5 9 1 4 

c1\c2 

0 . 9 8 4 : 

: 0 . 9 6 7 : 

: 0 . 9 3 8 : 

: 0 . 8 8 3 : 

: 0 . 7 6 2 

C
2
c
1
 : 

1 . 0 1 7 : 

1 . 0 3 4 : 

: 1 . 0 6 6 : 

: 1 . 1 3 2 : 

: 1 . 3 1 3 : 

NOTES :  (1) Refraction calculations should begin at d=LO\2 
(2) Col. 3 obtained from Table D-l i n Appendix 1. 

Prepared by 

Starting wit h any one orthogonal, an d using the template 
in Figur e Ap3.2 , th e following steps are performe d i n 
extending the orthogonal to shore: 

(a) Sketch a contour midway between the first two contours 
to b e crossed , exten d the orthogonal t o th e 
midcontour, an d construct a tangent to the midcontour 
at this point. 

(b) Lay the line on the template labelled orthogonal along 
the incomin g orthogonal with the point marked 1.0 a t 
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the intersectio n o f the orthogonal an d midcontour . 
(See also text Figures 2.10 and 2.11 ) 

(c) Rotate th e template about the turning point until the 
C2/C1 valu e corresponding to the contour interva l 
being crosse d intersect s the tangen t t o th e 
midcontour. Th e orthogonal line on the chart now lies 
in th e directio n o f the turned orthogona l o n th e 
template. 

(d) Place a  set square along the base of the template and 
construct a  perpendicula r to it s o tha t th e 
intersection i s midway between the two contours whe n 
the distance s ar e measured along the incomin g 
orthogonal an d th e perpendicular. Not e tha t thi s 
point i s not necessarily on the midcontour line . 
This line is the turned orthogonal. 

(e) Repeat th e abov e step s fo r successiv e contou r 
intervals. 

Interpretation o f Result s -  Refraction diagram s ca n 
provide a measure of changes in waves approaching a shore. 
However, the accuracy of refraction diagrams is limited by 
the validity of the theory of construction, th e accurac y 
of dept h contours, an d the care taken in the preparation 
of the diagrams. Th e direction of the nearshore waves can 
be determined fro m the refraction diagram, whil e the wave 
height can be estimated fro m the following formula: 

(3.13) 

Where H = refracted wave height 
b = distance between orthogonals 

Wave Diffraction 

Introduction -  This is the phenomenon by which energy i s 
transmitted laterall y alon g a wave crest . I t i s mos t 
noticeable o n the leeward sides of islands, an d where an 
otherwise regula r trai n o f waves is interrupte d b y a 
barrier such as a breakwater. Calculatio n of diffractio n 
effects i s importan t for several reasons . Wav e heigh t 
distribution i n a harbour or sheltered bay is determine d 
to som e degree by the diffraction effects of the natura l 
or man-made structures which provide protection. 

The proces s is similar for other types of waves, suc h as 
light o r soun d waves. Th e problem has been studie d b y 
several researchers, who used the following assumptions: 

(a) Water is an ideal fluid. 
(b) Waves ar e of small-amplitude and can be described b y 

linear theory. 
(c) Depth shoreward of the breakwater is constant. 
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Diffraction Calculations - Wiegel(1962) used a theoretical 
approach t o stud y wav e diffractio n aroun d a  singl e 
breakwater. Fro m hi s presentation, diffractio n diagrams 
have been prepared which, fo r a uniform depth adjacent to 
an impervious structure, sho w lines of equal wave heigh t 
reduction. Thes e diagrams are shown in Figures 2-28 to 2-
58 of Volume 1 of the Shore Protection Manual. 

The graph coordinates are in units of wavelength (L) . Th e 
diffraction coefficient (K' ) is defined as: 

(3.14) 

where H =  Wave height in the area protected b y 
the breakwater 

and H =  Incident wav e heigh t i n th e are a 
1 unaffecte d by the breakwater 

When applying the diffraction diagrams to actual problems, 
the wave-lengt h mus t first be determined using Equatio n 
3.7 an d th e table in Appendix 1. I t is then usefu l t o 
construct a scaled diffraction overlay template on tracing 
paper to correspond to the hydrographic chart being used . 
One radius wavelength on the template must be identical to 
one radius wavelength on the hydrographic chart. The lines 
of equal K' can be sketched in. 

Charts hav e als o been prepared for waves passing a  ga p 
comprising two  breakwaters . The y are available i n th e 
Shore Protection Manual. 

Wave Reflectio n - Water waves may be either partially o r 
totally reflecte d from natural or man-made barriers. Th e 
phenomenon is very important in the design of harbours, as 
the reflectio n may be very uncomfortable for the vessel s 
using the facility. 

A reflection coefficient is usually denoted: 

(3.15) 

where H  = reflected wave height 

and H i= inciden t wave height 
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Table Ap3.2 . list s reflectio n coefficient s frequentl y 
used. 

Table Ap3.2 REFLECTIO N COEFFICIENTS 

: Coverin g : 

: Smooth, impermeable wall : 

: Concrete blocks : 

: Turf : 

: 1 layer of rubble : 

: 2 or more layer of rubble 

: Tetrapods 

: Natural beaches 

Reflection Coefficient (r ) : 

1.0 : 

0.9 : 

0.85 - 0.90 : 

0.8 

: 0.5 0 - 0.55 : 

: 0. 5 : 

: 0.00 1 - 0.40 : 

Using Linear wave theory (Equatio n 3.1), 

(3.16) 

Where r  = 1.0, i.e. full reflection: 

(3.17) 

The water surface of the combined wave is: 

Therefore, (3.18) 

Equation 3.1 8 represents the water surface for a  STANDIN G 
WAVE o r CLAPOTIS, whic h is periodic in time and in x, an d 
has a maximum height of 2H. 
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Wind Wave s -  The earlie r discussion wa s concerne d wit h 
idealized, monochromati c waves. The pattern of waves on any 
body o f water exposed to wind action is unlike thi s idea l 
picture. Wave s of different heights and periods are usually 
present, a s are various directions of wave propagation. A t 
present, ther e ar e several methods of presenting measure d 
wave dat a i n terms of wave spectra. However , befor e th e 
development of those methods, wave s were measured by visual 
methods, an d th e concep t of Significant Wave Heigh t wa s 
developed. Mos t of the formulae for shore processes use the 
significant wave height, H  .  I t has been found that wave s 
measured i n nature are statistically distributed, an d that 
the Rayleigh probability distribution fits the data. I t has 
also been found that H s =  H 1/3 

where H 1/3 =  average height of one-third highest waves 

and H1/3=1.6 H 

where H av =  average height of all waves. 

Further Reading: 

U.S. Army Coastal Engineering Research Center 1984 . Shor e 
Protection Manual. Departmen t of the Army, Corps 
of Engineers. 

* *  * 
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Appendix 4. 

BASIC FLUID MECHANICS 

Introduction -  Fluids diffe r substantially fro m solids i n 
their behaviour. In simple terms, unlike a solid, a fluid is 
a substanc e whic h canno t resist a  shea r forc e withou t 
moving. Fluids are usually classified as liquids or gases. A 
liquid ha s intermolecular forces which hold it together s o 
that i t possesses volume but no definite shape. A  gas, o n 
the othe r hand , consist s o f molecules i n motio n whic h 
collide with each other tending to disperse it so that a gas 
has no set volume or shape. 

Hence, a  liqui d poure d int o a container wil l fil l th e 
container u p t o th e volume of the liqui d regardles s o f 
container's shape; o n the other hand, a  gas will fill an y 
container into which it is placed. 

Some Definition s - the following terms and definitions will 
be used throughout:-

Pressure -  The pressure in a fluid at rest is define d a s 
the norma l compressiv e forc e per unit area actin g o n a 
surface immersed i n the fluid. Th e pressure at a point in a 
fluid a t res t i s th e same in al l directions . Suc h a n 
isotropic pressur e i s calle d hydrostati c pressure . I n 
addition, ther e exist no t only normal pressure, bu t shear 
forces or stresses when the fluid is in motion. 

Viscosity, Friction , an d Idea l Flo w -  All fluid s hav e 
viscosity whic h cause s friction. Th e importance o f thi s 
friction in physical situations depends on the type of fluid 
and th e physica l configuratio n o r turbulence . I f th e 
friction is negligible the flow is classified as ideal. 

Figure Ap4. 1 show s different relationships between shea r 
stress and shea r strain rate in fluids. A  wid e range o f 
fluids sho w a simple relationship between shear stress an d 
shear strai n rat e -  these ar e classifie d a s Newtonia n 
fluids. Th e relation between shear stress and strain may be 
written 

(4.1) 

where i s called the coefficient of dynamic viscosity. Th e 
coefficient of kinematic viscosity \J  i s denoted by:-

(4.2) 

where i s the mass density. 
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FIGURE Ap4. 1 TYPE S O F VISCOU S AN D PLASTI C FLUID S 
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Water, ai r an d gasse s are essentially Newtonian : whil e 
grease an d muds show non-Newtonian behaviour. 

If a fluid has no viscosity and does not flow in a turbulent 
manner, the flow is said to be ideal. An ideal flow then has 
no interna l friction and hence no internal dissipatio n o r 
losses. Actually , o f course no fluid is ever really ideal, 
but som e fluids , a t leas t in certain region s o f flow , 
approach idea l condition s very closely and are considere d 
such for analysis. 

Laminar an d Turbulent Flow - the term laminar flow is use d 
to describ e a flow in which the fluid flows in lamina e o r 
layers, a s oppose d to turbulent flow in which the velocity 
components hav e random fluctuations imposed on thei r mea n 
values (Figur e Ap4.2) . A  strea m of dy e inserted i n a 
laminar flow will strea k out i n a thi n lin e an d alway s 
be compose d o f th e sam e flui d particles . However , i n 
turbulent flo w the dye line will quickly become tangled u p 
and mixed in with the fluid as it flows along. 

Reynolds Number, R  - for any fluid the velocity and channel 
configuration determine s whethe r flo w i s lamina r o r 
turbulent. A s the velocity increases the flow changes fro m 
laminar to  turbulent, passin g through a transition regime. 
Both lamina r an d turbulent regimes occur i n nature , bu t 
turbulent flo w seem s to  b e the mor e natura l stat e o f 
affairs. A dimensionless number, the Reynolds Number, R ,i s 
used to characterize the flow reaime. 

where u  = velocity of flow 

= kinematic viscosity of fluid 

and x  = characteristic dimension 
(length, diameter, depth) 

Streamlines and Patterns of Flow - It is often desirable t o 
have a  complet e diagra m of the direction of motion a t a 
number o f point s in a fluid stream. Thi s can be don e b y 
drawing streamlines on a plan of the flow. Thes e lines ar e 
drawn s o that they are tangential to the direction of flo w 
at every point. Streamline s are therefore often curved, and 
an infinit e numbe r of them can be drawn in any particula r 
part o f a flow. Frequently , i t is desired to conside r a 
finite portio n o f a flow - in such cases a streamtub e i s 
often postulated . Thi s i s a  prism of flui d bounde d b y 
streamlines. Therefore , b y definition , n o flow can occur 
across the walls of a streamtube. 

When flui d flow s ove r a solid surface o r shape , i t i s 
sometimes foun d tha t a streamline which i s touchin g th e 
surface a t on e place is not touching somewhere else . Th e 
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FIGURE A p 4.3 STREAMLINE S 
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flow is now said to breakaway or separate from the surface . 
At lo w velocitie s of flow (lamina r flow) a mass o f flui d 
called the wake remains between the separated streamline and 
the surface : thi s mass does not take part in the main flow 
and may rotate slowly forming an eddy. A t higher velocities 
of flo w (turbulen t flow) , ther e ar e rotar y irregula r 
motions, wit h non-permanen t eddie s being she d fro m th e 
surface. 

Some shapes, notabl y aircraft wings and well-designed ship s 
hulls, hav e n o breakawa y on them at all in thei r norma l 
operating condition , s o tha t thei r shape is tha t o f a 
streamline. Their shapes are therefore called streamlined . 

Theoretical plottin g o f Streamline s - There ar e severa l 
experimental method s fo r obtaining the pattern s o f flo w 
around objects . However , i t i s frequentl y desirable o r 
necessary t o predict a flow pattern at the planning stage . 
By using the essential property of streamlines, that they do 
not cross , i t is possible to produce methods o f plottin g 
flow patterns. 

Consider an y two streamlines, A B and CD, no t necessaril y 
parallel, o f a fluid in motion (Figur e Ap4.3). The fluid is 
of constan t depth and there are other streamlines betwee n 
AB an d CD. Sinc e there is no flow across streamlines, th e 
same quantity of fluid per unit time passes AD as passes BC. 

(4.4.) 

where u  is the velocity at any point on the lines AD or B C 
and d n is a small length at right angles to the streamlin e 
at tha t point . Th e quantity is expressed as a volume pe r 
unit time, or, in other words, streamline CD is always a 
'discharg' o f distan t from AB even if the length it i s 
distant from AB changes. Consequentl y CD can be labelled by 
its discharge from AB, and it can be called streamline 

Another streamline such as EF, further from AB than CD, will 
clearly hav e a  large r valu e of l| J tha n CD . Vi J i s 
called the stream function and is only a method of labelling 
streamlines, to  give them a quantitative meaning, depending 
on their position within the stream. 
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A differen t method of marking a flow is by the plotting o f 
"potential" line s on it. Alon g any streamline values of a 
quantity ø  = uds, calle d the potential, ca n be marked off, 
where s is the distance measured along the streamline . Th e 
potential, thoug h havin g thi s precis e meanin g i s a 
fictitious quantit y and it cannot be measured directly with 
instruments. Referrin g to Figur e Ap4.3 , if A  is taken as 
the zero point for potential on AB, then 

(4.5) 

Points o n othe r streamlines can also be marke d of f wit h 
their value s o f ø ,  an d thos e with th e sam e valu e o n 
different streamlines linked to give contours of the same 0, 
called equipotential lines. By their definitions:-

equipotential line s ar e alway s a t righ t angle s t o 
streamlines. 

The tw o propertie s are used to draw streamline maps b y a 
method of successive approximations. Althoug h the method of 
successive approximation s produce s the correct streamlin e 
pattern for any boundary, a correct way is to combine two or 
more simple patterns until one of the streamlines coincide s 
with th e boundarie s concerned. Th e method o f conforma l 
transformation ha s als o been used to obtain flow pattern s 
for a large number of cases. 

For incompressibl e flo w situations in which th e boundar y 
layer remain s thin, ideal-flui d results may be applied t o 
flow o f a  rea l flui d t o a  satisfactor y degre e o f 
approximation. Convergin g o r accelerating flo w situation s 
generally hav e thin boundary layers, bu t decelerating flo w 
may have separation of the boundary layer and development of 
a large wake that is difficult to predict analytically. 

Boundary Laye r Concepts - The methods described abov e ar e 
applicable to  case s o f idea l flui d flo w (thes e ar e 
approximated b y case s of low velocity.). I n 1904 Prandt l 
developed the concept of the boundary layer, whic h provides 
an importan t link between ideal-fluid flo w an d real-flui d 
flow. The boundary layer concept states:-

For fluids having relatively small viscosity, the effect o f 
internal friction in a fluid is appreciable only in a narrow 
region surrounding the fluid boundaries. 

From this hypothesis, th e flow outside of the narrow region 
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near th e soli d boundaries may be considered as ideal flo w 
and treated theoretically. 

A boundar y laye r o n a  plan e surfac e paralle l t o th e 
direction of flow is the simplest case to study. Sinc e th e 
fluid a t the boundaries has a zero velocity relative to the 
boundaries, ther e i s a  steep velocity gradient fro m th e 
boundary i n to the flow. Thi s layer moves along the body , 
the continua l actio n of shear stress tends to  slo w dow n 
additional flui d particles , causin g the thickness of th e 
boundary laye r to increase with distance from the upstrea m 
point. (Se e Figure Ap.4.4). 

For smoot h upstream boundaries, th e boundary layer start s 
out as a laminar boundary layer in which the fluid moves i n 
smooth layers . A s the thickness of the boundary increases, 
it becomes unstable and finally transforms into a  turbulent 
boundary laye r i n whic h th e flui d particle s mov e i n 
haphazard paths, although their velocity has been reduced by 
the actio n o f viscosit y a t the boundary. 

The thicknes s o f th e laminar boundar y layer , ,  a t a 
distance x from the leading edge is given by:-

(4.6) 

(4.7) in which R x = u.x 

and u  =  velocity beyond the boundary layer. 

When th e Reynold s number for the plate, R  ,  reache s a 
value betwee n 500,00 0 and 2,000,000, th e boundar y laye r 
becomes turbulent, and :-

(4.8) 

Where =  the distance from the leading edge. 

The thicknes s o f the turbulent boundary layer , ,  a t a 
distance x from the leading edge is given by:-

(4.9) 

Along a  flat plate the boundary layer continues to grow i n 
the downstrea m direction, regardles s of the length of th e 
plate, whe n th e pressure gradient remains zero. Wit h th e 
pressure reducin g i n the downstream direction , a s i n a 
conical reducin g section , th e boundary layer tends to b e 
reduced in thickness. 
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For advers e pressur e gradients , i.e . wit h pressur e 
increasing in the downstream direction, th e boundary laye r 
thickens rapidly . Th e advers e gradient plus the boundar y 
shear decreas e the momentum in the boundary layer, an d i f 
they bot h act over a sufficient distance, the y caus e th e 
boundary laye r to come to rest. Thi s phenomenon is calle d 
separation. Th e boundary streamline must leave the boundary 
at the separation point, an d downstream from this point the 
adverse pressur e causes backflow near the wall. Th e region 
downstream fro m th e streamlin e that separate s fro m th e 
boundary i s known as the wake. 

Streamlined bodies are designed so that separation occurs as 
far downstream along the body as possible, an d as a resul t 
the wake is small. Fo r a bluff body, o n the other hand the 
flow is separated over much of the surface, an d the wake is 
large. Examples of streamlined and bluff bodies are shown in 
Figure Ap4.5. 

The flo w pattern in the wake depends on the Reynolds number 
of the flow. W e may consider as an example the flow past a 
circular cylinder of diameter d, with its axis perpendicular 
to the flow. For very low values of Re = ud/v (R e < 0.5) the 
streamlines come together as shown in Figure Ap4.6(a). If Re 
is increase d t o range 2-30, th e boundary layer separate s 
symmetrically fro m th e two  sides a t th e position s S, S 
(Figure Ap4.6(b) ) and two eddies are formed which rotate in 
opposite directions. A t these Reynolds numbers they remai n 
unchanged i n position. Behin d the eddies, however, the main 
streamlines com e together , an d the length of the wake i s 
limited. Wit h th e increas e of Re the eddies elongat e a s 
shown i n 4.6(c) but the arrangement is unstable and a t R e 
approximately equa l 40-7 0 (fo r a  circula r cylinder ) a 
periodic oscillatio n o f the wake is observed. The n a t a 
limiting value of Re (abou t 90 for a circular cylinder), the 
eddies brea k off from each side of the cylinder alternately 
and ar e washed downstream. I n a certain range of Re abov e 
the limitin g value , th e eddie s ar e continuousl y she d 
alternately fro m the two sides of the cylinder and , a s a 
result, the y for m tw o rows of vortices in its wake , th e 
centre o f a  vorte x in one row being opposit e th e poin t 
midway betwee n the centres of consecutive vortices i n th e 
other row. This arrangement of vortices is known as a vortex 
street o r vorte x trail . Th e energy of th e vortice s i s 
ultimately consume d b y viscosit y an d beyon d a  certai n 
distance from the cylinder the regular pattern disappears. 

Similar behaviou r i s observe d whe n flui d flow s pas t 
different bluff shapes. 

Turbulence occur s no t only when fluid flows past a  soli d 
boundary, but also when two fluids flow past each other with 
different velocities . Turbulen t mixin g then take s plac e 
between the streams so as to equalize their velocities. This 
free turbulenc e -  that is turbulence not bounded by soli d 
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FIGURE A p 4. 5 FLO W AROUN D STREAMLINE D AN D BLUF F OBJECTS . 
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FIGURE A p 4.6  DEVELOPMEN T O F WAK E BEHIN D A  CYLINDE R 
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walls - occurs, fo r example, whe n an oceanic current flows 
into a large expanse of nearly stationary fluid enclosed i n 
a gulf or bay. 

Drawing streamline s b y successiv e approximation s -  the 
property o f streamlines and potential lines being at righ t 
angles t o eac h othe r is made use of i n thi s metho d o f 
drawing streamlines . I f streamlines and potential lines are 
drawn a t equal intervals, the n the shapes between them are 
squares. 

The boundarie s o f th e flow are draw n t o scale , an d a 
guessed se t of streamlines put in, usin g the boundaries as 
streamlines. At one part of this guessed pattern, preferably 
where th e velocit y is uniform , commenc e drawin g smoot h 
curved line s a t right angles to the guesse d streamlines , 
spacing thes e line s s o tha t at on e are a the y produc e 
squares. I t will soon be found that if squares are drawn in 
the spac e between two streamlines then the continuation o f 
the lines at right angles will not result in squares between 
other pair s o f streamlines. Thi s is due to errors in th e 
original guessed streamlines. 

Revisions ca n therefore be made to the streamlines a t th e 
places where the squares are most in error, but this process 
will b e foun d to  make the origina l equipotentia l line s 
incorrect, s o that revisions are necessary to them. In this 
way, successiv e adjustment s to the guessed streamlines and 
equipotentials are made until a correct pattern is obtained. 
In place s wher e ther e are rapi d change s o f streamlin e 
spacing, additiona l streamlines and equipotential line s can 
be drawn between the original set of both. 

The pattern s obtaine d b y thi s metho d giv e a  goo d 
representation of flow of oceanic currents past islands only 
in the area before the formation of a wake. The type of wake 
can be estimated from the information given in paragraph 4. 5 
above. 

Further Reading: 

Massey, B . S. 1970 . Mechanic s of Fluids. Van Norstrand 
Reinhold, New York; 508 pages. 

Streeter, V. L. 1966 . Flui d Mechanics. McGra w Hill, New 
York; 705 pages. 

* *  * 
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Appendix 5. 

AN EXAMPLE OF PROTECTED AREA CATEGORIES FOR SMALL ISLAND S 

A Case Study from the British Virgin Islands. 

Because o f th e proliferation of names for protected area s 
worldwide, th e International Union for the Conservatio n of 
Nature an d Natura l Resource s (IUCN ) ha s adopte d a 
standardised series of categories (IUCN , 1978) . Thes e have 
been designated with continental countries in mind, in which 
national park s are often many times larger than the entir e 
British Virgin Islands. However , man y of these categories 
can b e altered slightly for application to th e BVI . Th e 
following categories (wit h their IUCN number) are especially 
applicable to the BVI. 

- National categories 

II Nationa l Park 
III Natura l Monument 
IV Natur e Conservation Reserve 
V Protecte d Landscap e 
VIII Multiple Use Management Area 

- International categorie s 

IX Biospher e Reserve 
X Worl d Heritage Site 

Using th e IUCN recommendations as a guideline, an d takin g 
into accoun t th e particula r loca l circumstances , th e 
following categorie s ar e recommende d fo r th e Park s an d 
Protected Areas System for the British Virgin Islands: 

Category 1: 

These ar e established to protect relatively larg e natura l 
and sceni c areas of national significance for recreational, 
educational, an d scientific use. The y contain large areas 
and entir e ecosystem s tha t ar e les s altere d b y huma n 
exploitation and occupation. Categor y 1 areas are manage d 
to preven t adverse human impacts on the area and to enforce 
effectively respect for the ecological, geomorphological, or 
aesthetic feature s which have led to thei r establishment . 
The par k is managed and developed so as to permit human use 
for research , education , recreation , an d touris m o n a 
controlled basis while maintaining the area in a natural o r 
near-natural state. Portion s of the area should be devoted 
to preservin g in an unaltered state representative sample s 
of physiographi c regions , bioti c communities and geneti c 
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resources, an d specie s i n dange r o f extinction . Thi s 
category ha s bee n adapted from the IUC N "Nationa l Park " 
category. 

Category II: 

These ar e create d t o protec t an d preserv e nationall y 
significant natura l and historic features because of thei r 
special interes t o r unique characteristic s and , t o th e 
extent consisten t wit h this , provid e opportunitie s fo r 
public appreciation, tourism, education, and research. Thi s 
category normall y contain s one or more discret e feature s 
such as a geological formation, a unique natural site, or an 
historic property. Natura l features to be protected ideall y 
show little or no evidence of man's impact. Thes e areas may 
be o f any size and generally do not contain a diversity o f 
features o r representativ e ecosystem s t o justif y thei r 
inclusion in Category 1, but they have particular importanc e 
for publi c education and appreciation. Althoug h they have 
recreational an d touristi c value, thes e areas shoul d b e 
managed in such a way that they remain relatively fre e fro m 
human disturbance , an d retai n thei r inheren t feature s 
unimpaired fo r th e lon g term. Thi s categor y ha s bee n 
adapted from the IUCN's "Natural Monument" category. 

Category III: 

These ar e establishe d t o assure th e natura l condition s 
necessary t o protec t nationall y significan t specie s o r 
biotic communities. Th e size of the area will depend on the 
habitat requirement s o r specifi c characteristics o f th e 
species o r communit y to be protected . Relativel y smal l 
areas, suc h a s nesting sites, mangrov e stands, o r othe r 
communities o f specia l interest may be include d i n thi s 
category. Huma n intervention or habitat manipulation may be 
required to  provid e optimum conditions for the species o r 
community, accordin g to individual circumstances. Limite d 
portions of the area may be developed fo r public education . 
Non-exploitative recreational activities may be permitted in 
some areas . Thi s categor y combine s elements o f IUCN' s 
"Scientific Reserve " an d "Natur e Conservatio n Reserve " 
categories, bu t permit s more flexibility concerning huma n 
activity. 

Category IV: 

This categor y ha s bee n established fo r smal l park s an d 
gardens i n develope d countries . Categor y I V include s 
National Park s Trus t area s tha t hav e bee n altere d 
significantly fro m their natural state and that are managed 
for loca l recreatio n an d education . Ther e i s n o 
corresponding IUCN category. 
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Category V: 

These ar e establishe d to  maintai n area s whic h retai n 
nationally importan t natura l and scenic values for publi c 
enjoyment an d economic development through recreatio n an d 
tourism. Th e normal lifestyle and economic activity of the 
area is maintained, bu t the preservation and development of 
natural an d sceni c resources, traditiona l landscapes an d 
resource uses, an d historic and archaeological feature s are 
promoted fo r cultural, educational, and scientific purposes, 
as wel l as tourism development. Give n the importanc e o f 
these area s to  loca l communities, managemen t polic y i s 
developed b y a  committe e mad e u p o f loca l residents , 
resource users , relevan t government departments, an d th e 
National Park s Trust. Th e area should be large enough t o 
maintain it s specia l natural , cultural , an d sceni c 
qualities. Categor y V  areas will be established often i n 
association with more stringently protected areas with which 
they wil l compris e single legal entities . Th e categor y 
includes som e o f th e objective s o f IUCN' s "Protecte d 
Landscape" an d "Multipl e Use Management Area" categories , 
but essentiall y i s a new category adapted to th e specia l 
management needs of small islands like the BVI. 

Two Internationa l Categories of protected area may be use d 
also, or be superimposed on National Categories. Thes e are: 

Biosphere Reserve: 

This category is established to create a worldwid e networ k 
of area s representative of the World's natura l diversity . 
It include s representative samples of a major biome in both 
its natural state and as altered by human use. Th e area is 
managed to conserve ecosystems and ecological diversity, and 
to link conservation and development. Research , education, 
and trainin g opportunitie s ar e provided t o develo p an d 
promote conservatio n an d ecologically soun d development . 
The are a shoul d be sufficiently large to accommodat e it s 
several use s without conflict and have adequat e long-ter m 
legal protection. Eac h area must be approved by the Man and 
the Biospher e International Coordinating Council before i t 
can receive designation as a Biosphere Reserve. I n the BVI, 
management policy for each reserve would be established by a 
local committe e consisting of representatives of the loca l 
community, resourc e users, relevant government departments, 
and the National Parks Trust. A  core natural area would be 
established on Crown Lands, but areas under various forms of 
use o n privat e land s ma y b e include d also . Thi s 
international category may overlap with some of the national 
categories. 

World Heritage Site: 

This categor y i s establishe d throug h th e Internationa l 
Convention concerning the Protection of the World's Cultural 
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and Natural Heritage, an d designates areas of "outstandin g 
universal value" . Th e primary objective is to protect the 
features for which the area was considered of World Heritage 
quality. Researc h an d educatio n ma y b e secondar y 
objectives. Area s to be considered under the Convention are 
restricted t o thos e whic h ar e trul y o f internationa l 
significance. Natura l site s must meet one or more of th e 
following criteria: 

be outstanding examples representing the major stages of 
the Earth's evolutionary history 

- b e outstanding examples representing significant ongoing 
geological processes , biologica l evolutio n and man' s 
interaction with his natural environment 
contain unique, rar e or superlative natural phenomena , 
formations o r features or areas of exceptional natura l 
beauty 

- b e habitat s wher e population s of rare o r endangere d 
species of plants and animals still survive 

Also Worl d Heritag e Site s mus t fulfil l condition s 
relative to the integrity of the site. Managemen t stresses 
the maintenanc e o f the heritage values , continuatio n o f 
legal protection , an d promotion as to its significance t o 
the country, its people, and the World. Al l sites must have 
strict legal protection and be owned by government or a non-
profit trust . Whil e recreation and on-site interpretation 
will generall y b e developed, som e sites may b e o f suc h 
significance an d fragilit y that public use will either b e 
strictly controlled or prohibited. Thes e exceptional areas 
must b e recommended by the nation responsible for the sit e 
for declaratio n b y th e Internationa l Worl d Heritag e 
Committee. Thi s internationa l categor y may overlap wit h 
national categories. 

Source: Britis h Virgi n Island s National Parks Trus t an d 
Eastern Caribbea n Natura l Are a Managemen t 
Programme, 1986 . A  Park s an d Protecte d Area s 
System fo r th e Britis h Virgi n Islands . 
Unpublished Report , 90 pages. 

* *  * 
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Appendix 6 

INTRODUCTION T O TH E METHODOLOG Y FOR BIOLOGICA L RESOURC E 
YIELD PREDICTION 

Estimation o f the potential yield from any type of coasta l 
plant o r animal resource must be based on an understandin g 
of the population structure, an d how this changes naturally 
and a s a result of exploitation. Th e same factors gover n 
natural change s i n plant and animal populations a s thos e 
which affect human population size, i.e . the rate of change 
in the population number N can be expressed as: 

Where B = number of births per year 
D = number of deaths per year 
I = number of immigrants 
E = number of emigrants 

This equatio n ca n be adapted fo r commerciall y importan t 
populations, suc h a s fisheries , usin g th e equatio n o f 
Russell: 

where P 1 =  th e stoc k in the first year (o r star t o f 
sampling period) 

P2 =  th e stoc k in the second yea r (o r en d o f 
sampling period) 

R' =  annua l increment through recruitment 

G' =  annua l increment through growth 

M =  annua l sum of deaths due to natural causes 

F =  annua l su m o f deaths du e to  exploitatio n 
(e.g. fishing) 

Each o f thes e parameter s can be measure d (wit h varyin g 
degrees o f difficulty ) fo r an y populatio n o f resourc e 
organisms. Som e basi c biological informatio n is required, 
such a s breeding seasons and numbers of juveniles normall y 
recruited, and other aspects will need to be measured over a 
valid tim e period . Onc e a  basic understandin g o f th e 
dynamics of the population has been obtained, model s can be 

287 



prepared fo r optimising the harvest . Severa l productio n 
models ar e used by fisheries scientists and can be studie d 
in th e texts suggested for Further Reading in Exercise 4.3. 
The genera l principles behind three of these are discusse d 
below. 

a. Surplus Yield Production Model: 

A populatio n o f resource organisms is maintaine d b y th e 
balance betwee n recruitment to the population and loss from 
it. Par t o f th e los s throug h natura l cause s ca n b e 
transferred to  ma n throug h harvesting . However , th e 
population will increase in size (weight ) by entry of youn g 
to the stock and growth of all individuals, until limited by 
the carrying capacity of the environment. I f the amount of 
recruitment can be estimated, it is possible, theoretically, 
to remov e a n equivalent amount while the populatio n siz e 
remains stable; and the population will have the capacity to 
increase again until its carrying capacity is reached: 

dN / dt =  a ' N ( 1 - N /K*) 

Where N  =  numbe r in the population 
a' = instantaneou s rate of increase 
K* = carryin g capacity of the environment. 

The mode l i s concerned with utilising the fraction of th e 
stock (a') , an d th e equatio n has been modifie d t o th e 
standard descriptive model of Schaefer, as follows: 

dP /dt =  a' P  (P m -  P ) - F P 

Where P  =  stock (weight ) 
Pm =  maximum stock (weight ) at carrying capacity o f 

the environment 
a' =  instantaneous rate of natural increas e 
F =  fishing mortalit y (i.e . F  a t whic h maximu m 

sustainable yield is maintained) 

The Surplu s Yiel d Mode l is usefu l onl y wher e accurat e 
estimates of the stock density are available. Althoug h the 
amount o f th e production "surplus" which is available fo r 
harvest can be estimated, th e timing of its availability is 
less easily forecast, becaus e the increment results mainl y 
from recruitmen t rathe r than growth. Th e recruitmen t o f 
juveniles to  any population can fluctuate widely dependin g 
on previou s condition s durin g reproduction an d existin g 
conditions fo r juvenil e survival; thus , i t may no t b e 
regular or instantaneous. 
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b. Yiel d Curves 

A more accurate estimate of stock size at any one time would 
be obtaine d b y followin g the growth/weigh t increas e o f 
different yea r classes. An y population of organisms wil l 
contain group s o f individual s tha t recruite d int o th e 
population followin g successiv e breedin g periods . Th e 
available yield will be determined, thus , b y the different 
rates of weight increase by year classes at different stages 
of thei r life cycle. Wid e fluctuations in the timing an d 
size of recruitment will lead to variation in the availabl e 
stocks. Althoug h referred to commonly a s "yea r classes", 
recruitment i n tropica l marine populations seldo m occur s 
only onc e per year, s o the term "cohort analysis" is to be 
preferred. 

Yield curve s can be prepared, a s in Figure Ap.6.1 , whic h 
separate th e stoc k an d its recruitmen t fro m catc h an d 
fishing effort/intensity . Thi s model s th e relationshi p 
between catch and effort. Fo r example, fo r Species 1, the 
yield pe r recruit rises rapidly to the asymptote (A ) giving 
maximum harvest; a n increase in fishing effort (B ) may give 
slight increas e i n catc h as populatio n siz e fluctuate s 
around this level. Wit h Species 2, ther e will be a peak in 
yield a t F = 0.5 (A) , but , becaus e of a rapid decline i n 
average weigh t a s the population ages, ther e wil l b e a 
decline in yield with any increase in effort (B). 

Yield Curve s ar e particularl y useful for singl e specie s 
resource stocks. However , many currently harvested tropical 
resources contai n mixed stocks, sometime s including larg e 
numbers of species, as in fish-pot fisheries common in coral 
reef areas . Th e Schaefer-typ e model can b e adapte d b y 
calculating catchabilit y coefficients for all components of 
the stock , an d assuming these are constant because of th e 
relatively unifor m seasona l condition s experience d b y 
tropical species . Thi s woul d includ e us e o f a  cohor t 
analysis t o follo w individua l specie s throughou t thei r 
growth cycles. 

c. Morphoedaphi c Index of Yield 

The yiel d analyse s describe d assum e tha t morphometri c 
factors ar e th e onl y one s affectin g populatio n size . 
However, productio n (yield ) by tropical marine populations 
is influenced be edaphic and climatic conditions, an d als o 
by othe r factors of the biological environment in which the 
resource stock lives. Fo r populations of fish, sea turtles, 
conch or lobsters important environmental influence s include 
(a) physica l characteristic s - area of suitabl e habitat , 
depth, curren t and tidal movements, and extent of shoreline 
development; (b ) physicochemica l characteristic s -  mea n 
temperature, dissolve d oxyge n levels , presenc e o f 
pollutants; an d (c ) biological characteristics - number o f 
trophic level s in their food chains, level s of predation , 
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FIGURE A p 6.1 SAMPL E YIEL D CURVE S 
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parasites and disease. 

These factor s influenc e the general levels o f attainabl e 
production, an d ca n be assessed by use of a Morphoedaphi c 
Index. Fo r example, one could use a regression of resource 
production on morphometric and edaphic factors, suc h as the 
production of a conch population as a function of mean water 
depth and area of available food materials. I n its simplest 
form, suitabl e availabl e habita t i s a  ke y facto r i n 
production of a resource organism; fo r example, i f 150 km 
of mangrov e roo t habita t occur around the coast wit h a n 
estimated potential oyster productivity of 2.5 mt km -2 yr -1 , 
it can be expected that the sustainable yield for the whol e 
island will be below 375 mt yr-1 . I f poor water circulation 
gives lowe r growth rates in one area, pollutio n restrict s 
use o f oyster s fro m anothe r area , an d predatio n b y 
pufferfish lead s t o 15 % mortality throughout th e islan d 
during the dry season months, th e oyster fishery must pla n 
for much lower annual yields. 

Resulting Management Methods: 

From th e above, i t is apparent that a relationship exist s 
between th e attainabl e harves t an d the abilit y o f th e 
resource populatio n to  sustai n tha t harvest . Yiel d 
assessment lead s logicall y towards yiel d restrictio n a t 
levels o r i n way s that will sustain the desire d yields . 
Restrictions can be applied by resource managers in severa l 
ways: 

a. Captur e o f certain species - to preserve lower trophi c 
level foo d organism s use d by commerciall y importan t 
species. 

b. Captur e o f certain age classes - to reduce harves t o f 
juveniles or immature s that have not yet reproduced. 
This can be accomplished b y gear restrictions, suc h 
as bannin g o f smal l mesh fishing nets , o r siz e 
restrictions, suc h a s minimu m catch size s fo r se a 
turtles o r lobsters. 

c. Harves t rotatio n -  b y prohibitin g captur e o f th e 
resource i n differen t area s o f the coas t o n a 
rotational basis . Thi s is a standard techniqu e wit h 
forestry resources , fo r example, wher e timber is cu t 
from a n area which is then left for long periods, suc h 
as 3 0-50 years, whil e stands of new trees mature. Th e 
annual timbe r quota is taken in rotation fro m furthe r 
forest plots, with the industry's planners ensuring that 
sufficient timbe r is available, o r is being replanted, 
to maintai n output during the intervening year s whil e 
the harvested plots are re-growing. Th e rotation period 
must b e relate d to  the time required fo r growt h to 
maturity of the target organism, o r to re-establishment 
of th e communit y compositio n tha t give s th e bes t 
economic return s when harvested. Closin g an area fo r 
fixed periods is beneficial i f it permits recovery fro m 
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damage cause d by harvesting procedures, suc h as traw l 
disturbance t o seagras s bed s o r roo t los s throug h 
cutting o f mangrov e oysters. I t may also permit re -
establishment o f valuable climax species which , unde r 
conditions o f continuou s exploitation , hav e littl e 
chance to grow. 

The siz e o f plo t and amount of resources i n a  plo t 
currently bein g exploite d in a rotation cycle must b e 
large enoug h to support the total number of fishermen , 
or other resource users, that will be concentrated there 
due to exclusion from closed areas. Resourc e management 
schemes which include rotational harvesting depend upo n 
an accurat e understanding of the population dynamics of 
the resource organism i n the target area; but they must 
be devised in consultation with the resource users , a s 
they have important social and economic implications. 

One of the major factors contributing to resource over -
exploitation i n tropical island coastal environments is 
the ope n nature of the use of resource below th e hig h 
tide line . Generall y speaking, marin e resources ar e 
available o n a  free-for-all basis, i n the absence o f 
controls simila r to  private land ownership o r fores t 
reserve typ e restriction s for terrestria l resources . 
Although detaile d treatmen t of the lega l aspect s o f 
coastal resource utilization is beyond the scope of this 
text, it can be appreciated that rational management can 
only b e applied if restrictions are introduced i n order 
to ensure sustainable yields. On e important task fo r 
coastal manager s is to assist resource users in makin g 
agreements o n whic h resources will b e exploited , i n 
which areas, a t which times and at what rates; an d how 
resource replenishment will be accomplished. 

d. Maintenanc e o f traditiona l harves t method s -  by 
restriction o f advance d technologies or gear , an d 
supporting local village or community efforts. 

e. Restrictin g entr y -  reducin g the numbers o f person s 
utilizing the resourc e by licensing. Number s can be 
restricted als o b y use of incentives whic h encourag e 
persons into alternative activities. 

Support ca n be applied to resource populations i n severa l 
ways: 

a. Establishmen t o f sanctuarie s - t o permit growt h an d 
reproduction o f parts of the population of organisms 
without interference , wit h th e intention of thei r 
spreading out to restock the utilization areas . Fo r 
example, th e juvenile s of many commercially importan t 
tropical fis h specie s use mangrove areas a s "nurser y 
habitat". B y designatin g mangrov e area s a s "Fis h 
Sanctuaries", critica l lif e histor y stage s ca n b e 
protected and fish populations sustained. 
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Where continuou s breedin g takes place, a s it does i n 
many tropica l species , permanen t sanctuaries ma y b e 
required. O n th e other hand, seabir d and sea turtl e 
populations coul d b e sustaine d b y givin g sanctuar y 
status to nesting areas only during the breeding season; 
although i t woul d be advisible for some parts o f th e 
adult population s to  b e protected a t al l time s a s 
resource reservoirs. 

Exploitation o f th e stock s o f al l tropica l islan d 
coastal resourc e organism s shoul d be supported b y a 
strictly enforced sanctuaries programme. A s indicate d 
in Chapter 3, on e of the major functions of a Protected 
Areas Syste m i s to help sustain an island' s resourc e 
capital. 

b. Remova l o f physical or ecological limits to populatio n 
increase -  i n orde r that an increased numbe r o f 
juveniles will recruit into th e population; a s with 
provision o f cultc h surfaces for spat and remova l o f 
predators in oyster culture schemes. 

c. Juvenil e rearin g and release - maintainin g egg s an d 
early juvenile s unde r laborator y condition s ca n 
significantly decreas e mortality . Releas e of late 
juveniles int o the natural environment shoul d lea d 
to increase d recruitment in wild stocks. Thi s is th e 
principle behin d headstartin g o f se a turtl e 
hatchlings. Thi s process , whic h i s stil l a t th e 
experimental stage , attempt s to reduce the very heav y 
natural mortalit y o f freshl y emerge d hatchling s b y 
rearing them until they are larger, stronge r and better 
able to feed for themselves. 

Biological resourc e yield prediction should be based on 
analysis o f past and present catch statistics, o n th e 
description of suitable habitat conditions, an d on th e 
likely effect s o f intensive management on the size o f 
the resource stocks. 

* *  * 
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Appendix 7. 

SUMMARY O F SEAGRASS REPLANTING METHODOLOG Y 

1. Surve y th e area, identif y and map regions covered with 
seagrass (Figur e Ap.7.1) (labe l as areas A) , an d area s 
requiring replanting (labe l as areas B). Area s thought 
to requir e replanting must be chosen with care. I t is 
not sufficien t to  assume that a bare patch withi n o r 
close t o a seagrass bed should be revegetated, a s th e 
sediment type or prevailing current strength might mak e 
this patc h unsuitable . I t i s essential to refe r t o 
published description s or seek expert local opinion o f 
the previous extent of seagrass cover . Alternatively , 
air photo s at an appropriate scale can be studied , i n 
order to  ascertain the previous extent and distribution 
of seagrass cover in an area. 

Seagrass beds are rarely uniform over large areas , bu t 
field surve y shoul d quickl y distinguish th e health y 
patches. Generally , these will be dense, with long leaf 
blades, relativel y spars e epiphyti c growth , an d a 
diverse associated benthic invertebrate and fish fauna . 
Patches deviatin g widel y fro m this general for m ma y 
benefit from replanting. However , it must be remembered 
that latitudinal variation, sedimen t composition, water 
depth an d clarit y al l influenc e seagras s be d 
development. 

2. Identif y an d note on the map any areas (B ) with stron g 
currents, or strong sediment scour; designate as (BB). 

3. Collec t seagrass transplants from donor beds (A) . Thes e 
should b e "Sprigs" , whic h are apical meristem s wit h 
about 15 0 mm of rhizome and several leaf blade shoots ; 
"Plugs" which are 150 mm lengths of rhizome, root s an d 
soil; an d seeds, collecte d from beds where fruiting is 
taking place , accordin g to  season. Sprig s and plug s 
should be collected i n a ratio of 3:2, an d they shoul d 
be store d i n net bags underwater or in trays dampene d 
with seawater. 

4. I n the laboratory, or in the boat if replanting is to be 
done immediately, prepare the sprig s for transplantin g 
(see Figur e Ap. 7.1) . Tw o to three sprigs should b e 
attached to  a  section o f 10 mm diameter constructio n 
rod 1 0 cm long , usin g twin e o r plasti c bag-ties . 
Plugs will be planted as they are. Thre e seeds shoul d 
be place d i n hole s in a concret e disk, 5  cm s i n 
diameter (Figur e Ap.7.1) and the holes plugged with a 
mixture of clay and a  phosphate-based fertilizer . 
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FIGURE Ap7. 1 (a)SEAGRAS S PLANT , (b) CEMENT SEE D RING , 
(c)SPRIG PREPARE D FO R P  LANTING, AND (d ) 
WALL O F BLOCK S ACTIN G A S A  BAFFLE . 
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5. Fo r large replanting areas, distribut e the transplant s 
along transects 3 m apart, runnin g perpendicular to the 
main curren t direction. Sprig s and plugs or seed rings 
should b e planted alongside a measuring tape at 0. 5 m 
intervals, an d als o 0.5 and 1.0 m apart on either side 
of the tape. 

6. Fo r smal l replanting areas, distribut e the transplants 
from centres so they are 0.5 m apart. 

7. Sprig s an d plug s should be pushed into th e sediment , 
after makin g a  hol e b y hand o r wit h a  suitabl e 
instrument, an d tampe d int o place. Seed rings should 
be placed firmly on the sediment surface. 

8. Fo r bes t results, a  sequence of 3 sprigs - 2 plugs - 1 
seed ring - 3 sprigs should be used along the transects. 

9. Fo r area s designated (BB) , a  wall of blocks should b e 
built to act as a baffle protecting the transplants from 
current scour . Thi s shoul d be constructed alon g th e 
upstream side of the planting area, a s shown in Figur e 
Ap.7.1. Fo r larg e area s o r seriou s current scour, 
lines o f block s shoul d be placed 1 m  apart . Wher e 
strong wave action occurs in shallow water, block s may 
need to  b e anchore d securel y wit h section s o f 
construction rod. 

10. Transplants and seed can be collected fro m shallow areas 
by wadin g or snorkelling. Plantin g in deeper areas i s 
best done by using SCUBA. Plantin g teams should consist 
of (minimum ) a pair of divers, supporte d by a boatma n 
and two assistants (loaders , transplant suppliers) . 

11. The planting team should be able to complete a 10 x 2 0 m 
plot i n 1 to 2 hours, an d to work 4 similar plots pe r 
day; provide d tha t ther e i s a  stead y suppl y o f 
previously prepared sprigs, plugs and seed rings. 

12. Replanted seagrass beds should be monitored fo r at least 
18 months. There should be an inspection after the first 
and secon d months , an d subsequentl y a t two-mont h 
intervals, t o asses s replantin g success . Subsequen t 
replanting ma y be needed where patches o f transplant s 
have not taken or have been uprooted. 

(Sources: Kell y et al, 1971 ; Thorhau g e t al, 1985 ; va n 
Breedveld, 1975, and personal communication P . Gayle). 

* *  * 
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Appendix 8. 

USEFUL ADDRESSES , includin g those of agencies mentioned in 
the text 

American Public Health Association (APHA ) 
1015 18t h St. N.W., Washington, D.C., 20036, U.S.A 

Association o f Island Marine Laboratories of the Caribbea n 
(AIMLC) 

c/o Departmen t o f Marina Sciences , Universit y o f 
Puerto Rico, Mayaguez, Puerto Rico. 

Canadian International Development Agency (CIDA ) 
Place d u Centre , 2  00 Promenade du Portage , Hull , 
Canada K1A 0G4. 

Caribbean Conservation Association (CCA ) 
Savannah Lodge , Th e Garrison , St . Michael , 
Barbados. 

Caribbean Environmental Health Institute (CEHI ) 
P.O. Box 1111, Morne Fortune, Castries, St. Lucia. 

Center for Environmental Education (CEE ) 
624 9t h St. N.W., Washington, D.C. 20001, U.S.A. 

Center fo r Resourc e Management and Environmenta l Studie s 
(CERMES) 

University of the West Indies, Cave Hill, Barbados. 

Coastal Area Management and Planning Network (CAMP ) 
c/o John Clark, Nationa l Park Service, International 
Affairs, P.O. Box 37127, Washington, D.C. 20013-7127, 
USA. 

Commonwealth Scienc e Council (CSC ) 
Commonwealth Secretariat , Marlboroug h House , Pal l 
Mall, London SW1Y 5HX, England. 

Eastern Caribbean Natural Area Management Program (ECNAMP ) 
6A Caravelle Arcade, Christiansted , St . Croix, U.S. 
Virgin Islands 00820. 

Food an d Agricultur e Organisatio n of the Unite d Nation s 
(FAO) 

Via delle Terme di Caracalla, 00100 - Roma, Italy. 

Forest Division, Government of Trinidad and Tobago. 
Long Circular Rd., Port of Spain, Trinidad. 
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Island Resources Foundation (IRF ) 
Red Hook, Bo x 33, St . Thomas , U.S . Virgin Islands 
00902. 

Institute of Marine Affairs (IMA ) 
P.O. Box 3160, Carenage Post Office, Trinidad. 

International Unio n fo r th e Conservation o f Natur e an d 
Natural Resources (IUCN ) 

Avenue du Mont Blanc, CH-1196 Gland, Switzerland. 

IUCN Conservation Monitoring Centre 
219C Huntingdon Rd., Cambridge, CB3 ODL, England. 

Law of the Sea Institute (LSI ) 
University o f Hawaii , 251 5 Dol e St. , Roo m 208 , 
Honolulu, HI 96822, USA. 

Marine Information Centre (UNESCO ) 
Division o f Marin e Sciences, UNESCO , 7  Plac e d e 
Fontenoy, 75700 Paris, France. 

Marine Soienoe Unit (MSU ) 
University of the West Indies, Mona, Jamaica. 

National Marine Fisheries Service (NMFS ) 
Galveston Laboratory, 4700 Avenue U, Galveston, Texas 
77550, U.S.A. 

Ocean Economics and Technology Branch (OETB ) 
United Nations, 1 UN Plaza, New York 10017, USA. 

United Nations Development Programme (UNDP ) 
One, Unite d Nation s Plaza, Ne w York, N.Y . 10017 , 
U.S.A. 

United Nation s Educational , Scientifi c an d Cultura l 
Organisation (UNESCO) 

For UNESCO's major Interregional Project on Researc h 
and Trainin g leadin g to  Integrated Managemen t o f 
Coastal System s in S.E. Asi a (COMAR ) -  information 
from the Division of Marine Sciences, Paris , o r the 
UNESCO Regional office for Science and Technology for 
Southeast Asia, J L Thamrin 14, Jakarta , Indonesia . 
Components fo r Africa and for Latin America and th e 
Caribbean are COMARF and COSALC. 

United Nations Environment Programme (UNEP ) 
P.O. Box 30552, Gigiri, Kenya. 

* *  * 
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